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Inspection of underwater objects, such as underwater archaeological sites, sunken technical objects, and under wa-

ter located technical structures, requires the use of specially trained divers, manned or unmanned, remotely operated or 
autonomous underwater vehicles. 

A relatively rarely used design for such underwater vehicles is a design in the form of a quadrotor with positive 
buoyancy. 

This article discusses the design and the control system of the remotely operated underwater vehicle in the form  
of a quadrotor. The aim of the work is the selection and justification of the shape of the vehicle, the selection  
of the optimal structure of the control system with the expectation of the subsequent use of the vehicle as an autonomous 
one. 

The potential advantages of the selected design in the form of a quadcopter with a cylindrical body are described, in 
particular, the large volume of the sealed space of the vehicle, the possibility of installing capacious power sources, the 
potential for stabilizing the vehicle in a given position if there is a current at the place of work. 

The sealed case of the device is designed to place control electronics, power electronics and battery power of the 
device. The selection and justification of the shape of the sealed enclosure were made using a hydrostatic modeling ap-
paratus and theoretical mechanics. A solid cylinder made of polycarbonate was selected as a form of the sealed housing 
of the vehicle. The advantage of the selected form in comparison with the parallelepiped-shaped case is shown under 
the condition of the same material parameters. 

The control system of the device includes software and hardware components. The choice of hardware components 
is justified, their key characteristics are described. As the control device of the top level, a single board computer (SBC, 
Single Board Computer) Orange Pi PC was selected, the direct control of the motor of the vehicle is performed using 
the Cortex-M3 microcontroller. The software architecture of the device is described. The choice of architecture is de-
termined by the requirements of poorly connected components (which makes it easy to replace particular software  
elements without the need to modify the other elements), the simplicity of the potential replacement of the top-level  
control modules (which potentially allows switching from a remote control model to an autonomous control model). 
Some software components are described. The control system is implemented with the high-level language Python ver-
sion 3.7, the basis of the control mechanism is message passing, the MQTT protocol maintained by the Mosquitto server 
is selected as a messaging mechanism. 

Testing of the vehicle was carried out in pools with standing water and with a simulated current. Testing showed the 
need to gain experience to control the underwater vehicle. 

The study will allow us to further develop a new version of the underwater vehicle, taking into account the wishes 
and identified problems. 

 
Keywords: robotics, underwater archaeology, underwater vehicle, quadcopter, control system, hardware-software 

complex. 
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Обследование подводных объектов, таких, как подводные археологические памятники, затонувшие техни-

ческие объекты, технические сооружения, расположенные под водой, требует использования специально под-
готовленных водолазов, обитаемых или необитаемых дистанционно-управляемых или автономных подводных 
аппаратов. 

Относительно редко используемой конструкцией для таких подводных аппаратов является конструкция 
квадрокоптера с положительной плавучестью. 

В предлагаемой статье рассматривается конструкция и система управления подводного необитаемого 
дистанционно-управляемого аппарата в форме квадрокоптера. Целью работы является выбор и обоснование 
формы корпуса аппарата, оптимальной структуры системы управления с расчетом на последующее исполь-
зование аппарата в качестве автономного. 

Описаны потенциальные преимущества выбранной конструкции в форме квадрокоптера с цилиндрическим 
корпусом, в частности, большой объем герметичного пространства аппарата, возможность установки  
емких источников питания, потенциальная возможность стабилизации аппарата в заданном положении  
при наличии течения в месте проведения работ. 

Герметичный корпус аппарата предназначен для размещения управляющей электроники, силовой электро-
ники и элементов питания аппарата. Выбор и обоснование формы герметичного корпуса выполнены с исполь-
зованием аппарата гидростатического моделирования и теоретической механики. В качестве формы герме-
тичного корпуса аппарата выбран цельный цилиндр, выполненный из поликарбоната. Показано преимущество 
выбранной формы по сравнению с корпусом в форме параллелепипеда при условии одинаковых параметров ма-
териала. 

Управляющая система аппарата включает в себя программные и аппаратные компоненты. Обоснован вы-
бор аппаратных компонентов, описаны их ключевые характеристики. В качестве управляющего устройства 
верхнего уровня выбран одноплатный компьютер (SBC, Single Board Computer) Orange Pi PC, непосредственно 
управление двигателями аппарата осуществляется при помощи микроконтроллера Cortex-M3. Описана  
архитектура программного обеспечения аппарата. Выбор архитектуры обусловлен требованиями слабой 
связности компонентов (что позволяет легко заменять отдельные элементы программного обеспечения без 
необходимости модификации остальных элементов), простотой потенциальной замены управляющих модулей 
верхнего уровня (что потенциально позволяет перейти от модели дистанционного управления аппаратом  
к автономной модели управления). Описаны отдельные компоненты программного обеспечения. Управляющая 
система реализована на языке высокого уровня Python версии 3.7, основой механизма управления является  
передача сообщений, в качестве среды обмена сообщениями выбран протокол MQTT с реализацией в виде  
сервера Mosquitto. 

Тестирование аппарата проводилось в бассейнах со стоячей водой и имитацией течения. Тестирование 
показало необходимость получения опыта для управления подводным аппаратом. 

Проведённое исследование позволит в дальнейшем разработать новую версию подводного аппарата  
с учётом пожеланий и выявленных проблем. 

 
Ключевые слова: робототехника, подводная археология, подводный аппарат, квадрокоптер, система 

управления, программно-аппаратный комплекс. 
 
Introduction. In 2016 Alexander Goncharov and Ni-

kolay Karelin (historians and lecturers at Reshetnev Sibe-
rian State University of Science & Technology) went on a 
research expedition to the north of the Krasnoyarsk Terri-
tory in search of the sunken English ship „Thames”. They 
passed along the Yenisei River and the Yenisei Bay [1]. 
As a result of the undertaken studies, the location of this 
ship was determined. It is at the mouth of the Salnaya 
Kurya River [2]. 

Alexander Goncharov offered an idea to develop a 
remotely operated underwater vehicle designed for the 
exploration of underwater objects that have cultural, his-
torical or other value. 

The development team of Reshetnev Siberian State 
University of Science & Technology elaborated the con-
cept of a remotely operated underwater vehicle in the 
form of a quadcopter. In 2018, they developed and pre-
sented a prototype of this device (fig. 1), as well as soft-
ware for its use [3]. 

The main purpose of this underwater vehicle  
is the ability to conduct underwater archaeological re-
search. 

The advantage of the proposed design of the vehicle in 
the form of a quadcopter is the ability to hold a predeter-
mined position and position in moving aquatic environ-
ment.  
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Fig. 1. The developed prototype of the underwater vehicle 
 

Рис. 1. Разработанный прототип подводного аппарата 
 

 
The originality of this development consists in the 

whole of the following distinctive features: 
– the implementation of the design of the underwater 

vehicle in the form of a quadcopter and its control system 
is based on the idea of the implementation of aircraft; 

– to control the underwater vehicle special software is 
used, it is available for use on mobile devices and per-
sonal computers; 

– the proposed concept of an underwater vehicle com-
bines the advantages of tethered and unmanned underwa-
ter vehicles. 

Case design. The exoskeletal structure of the under-
water vehicle is constructed as a hollow cylinder made of 
plastic. 

This form allows the vehicle to withstand high pres-
sure of the water column, and the calculations show that 
the maximum immersion depth of the vehicle is not 
caused by the shape and material of the exoskeletal struc-
ture, but by the sealing features of the side flanges. 

The first prototype of the device was made in the form 
of polypropylene pipes connected by means of a socket 
joint, closed with sealed lids. 

We have also considered the case made entirely with 
the use of 3D printing technology, however, the anisot-
ropy of the case and its relatively low structural strength 
forced to abandon this approach. 

In the future, it is planned to make the case as a single 
element in the form of a cylinder made of polycarbonate, 
with an external diameter of 110 mm and a wall thickness 
of 3 mm. 

For this option, we made the calculations of the 
strength of the case using the methodology published in 
[4; 5], which showed the structural stability of the case at 
depth of immersion of up to 100 m. 

A perforated metal plate serves as a chassis for the 
components located inside the body. 

The following elements are placed on the plate: 
– high-current Li-ion (lithium-ion) battery used as a 

main power source; 
– on-board computer Orange Pi PC; 
– MultiWii NanoWii control module based on a mi-

crocontroller with an ATmega32U4 processor; 
– four electronic speed controllers (ESCs) that control 

the brushless motors located outside the case. 
The metal plate chassis also serves as a heat sink, 

evenly distributing the heat released during the operation 
of the speed controllers, which contributes to its removal 
outside the case. 

Two square aluminum profiles are attached to the 
main part of the case, at the ends of which brushless mo-
tors with propellers are installed, designed for the move-
ment of the underwater vehicle in the aquatic environ-
ment. 

Some elements of the case, including driving propel-
lers, were developed in the OpenSCAD 3D modeling 
program and printed using a 3D printer. Upon the avail-
ability of a 3D printer, this approach makes it possible  
to get a kit of necessary elements for the purpose of their 
replacement in case of failure. 

The speed controller wires connecting the motors to 
the on-board control system are routed through sealed 
lead-ins (seals), which prevent water from entering the 
case. 

An important task is the transmission of video from 
the underwater vehicle. For these purposes, it is planned 
to install an on-board camera connected to the main con-
trol computer. This will allow using the device distantly 
as remotely operated. In the future it will be possible to 
put into operation the system of autonomous control of 
the device as well. 

Two methods of installing a camera on the device are 
considered: inside the exoskeleton structure (since it is 
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transparent), and in a separate case on the external struc-
tures of the device. Each approach has its own advantages 
and disadvantages. Thus, installing a camera inside the 
case allows reducing the number of tight joints, which 
increases the reliability of the device as a whole. How-
ever, it causes the need for post-processing of the image 
from the camera, since the cylindrical body of the device 
introduces distortions. Installing a camera from the out-
side will reduce the distortions introduced by the body of 
the device (or, more precisely, it reduces the requirements 
for the amount of post-processing of the image from a 
camera, since a camera is supposed to be placed under a 
spherical dome), but it creates potential leakage spots. 

It is planned to perform optimization of the shape of a 
driving propeller and the vehicle case as well [6]. 

Control system development. The main components 
of the control system are: 

– an operator whose workplace is located on board an 
expedition escort ship or on shore; the workplace is 
equipped with the means for displaying the video stream 
from the board of the underwater vehicle, as well as with 
controls; 

– a top-level control software module receiving opera-
tor’s commands (or from an autonomous control system) 
and translates them into the values of the state space vari-
ables of the device; 

– software of a low-level controller, ensuring the 
maintenance of set values of state space variables that 
controls the operation of electronic speed controllers. 

Let us consider the components of the control system 
of the underwater vehicle in more detail. The control sys-
tem complex consists of the following components: 

– an operator using a device with installed software 
designed to control the underwater vehicle; 

– a control device, which can be used as a smartphone, 
tablet or personal computer with installed software  
developed as part of this project, designed to send mes-
sages (commands) and receive video from an on-board 
camera; 

– Wi-Fi router, which is used to establish communica-
tion between the control device and the on-board com-
puter; 

– an on-board computer designed to broadcast video 
from an on-board camera and receive messages (com-
mands) from a control device, in order to transmit them to 
the multirotor controller for moving the underwater vehi-
cle; 

– a webcam designed to transmit video in order to 
monitor the environment; 

– a multirotor controller used to transmit speed values 
and the position of the vehicle in space to speed control-
lers; 

– electronic speed controllers (4 pcs.) that allow us to 
control the motors of an underwater vehicle with a given 
thrust; 

– motors (4 pcs.) that allow us to perform the move-
ment of the underwater vehicle in the aquatic environ-
ment. 

Fig. 2 shows the scheme of interaction of components 
of the control system complex. 

Four HobbyWing FlyFun 30A speed controllers and 
four RCX D2830/14 750kv brushless motors connected to 

them are used to move the device in the aquatic environ-
ment. 

The electronic components of the underwater vehicle 
are powered by a high-current Li-ion (lithium-ion) battery 
with the capacity of 1800 mAh. 

As an on-board computer, a single-board computer 
(microcomputer) with an operating system based on the 
Linux kernel is used. Initially, the Raspberry Pi Model B+ 
microcomputer was used in the underwater vehicle proto-
type, however, later it was replaced by the model Orange 
Pi PC to make it possible to install and use a webcam 
designed to monitor the environment and (potentially) 
recognize objects, since for broadcasting video images of 
optimal quality and the operation of a computer vision 
system, higher performance is required. 

The software structure of the vehicle is described  
in [7]. 

Up to date, the following control mechanisms for the 
underwater vehicle are developed: 

– a web server for using a joystick (gamepad) through 
the Gamepad API; 

– control of the underwater vehicle using a mobile de-
vice with the Android operating system. 

The connection of the operator’s workstation with the 
top-level control application is made using wireless and 
wire technologies, which include a Wi-Fi network to con-
nect the operator’s workplace with a Wi-Fi router, which, 
in turn, is connected to the on-board computer by an 
Ethernet cable. The on-board computer and Wi-Fi router 
use a wire connection to form a single access point. Thus, 
the necessary flexibility of communication of all system 
components is provided. 

For the exchange of messages (commands) between 
the control device and the on-board computer, the MQTT 
protocol is used with the implementation in the form of a 
Mosquitto server. 

To receive messages via the MQTT protocol from the 
control device and transmit them to the on-board com-
puter, and then send them to the multirotor controller, a 
program for the use on the on-board computer was devel-
oped in the Python programming language. 

The control of the vehicle motors is performed using 
the Arduino-compatible MultiWii NanoWii multirotor 
controller. The software being used makes it possible to 
cyclically receive values from the on-board computer and 
transfer them to speed controllers to operate the motors of 
the device with preselected thrust. The operation is per-
formed in the fixed coordinate system (roll, pitch, yaw). 
The program also allows keeping the horizontal position 
of the device in space, using the values of the gyroscope 
and accelerometer from the MPU-6050 sensor, embedded 
into the multirotor controller. When the underwater vehi-
cle deviates from the horizon, the rotation speed of the 
respective motors changes automatically in order to return 
the vehicle to a horizontal position. This ability protects 
the device from tipping over. 

To control this underwater vehicle, software for mo-
bile devices with the Android operating system and for 
personal computers with the Windows operating system 
are developed and tested [8]. 

The software for controlling the underwater vehicle al-
lows performing the following tasks: 
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– control of the movement of the vehicle in the aquatic 
environment; 

– displaying streaming video from an installed cam-
era; 

– displaying the information received from installed 
sensors. 

It is possible to control the movement of the device 
using the program interface or a connected joystick 
(gamepad). 

Testing. This underwater vehicle has been repeatedly 
tested in pools with standing water, as well as in the water 
with simulated current. To test the device, two weight 
plates for a rod weighing 0.2 and 0.5 kg were attached to 
the case, since at the moment the device design has exces-
sive positive buoyancy. In the future, this will make it 

possible to equip the underwater vehicle with additional 
attached implements, such as equipment for sampling 
water, temperature sensors, salt sensors, etc. 

Testing in a pool with standing water showed that to 
control the underwater vehicle it is necessary to have an 
experienced operator with control skills. The installed 
motors had a high speed margin, therefore the speed of 
the motors was limited by software. When the underwater 
vehicle was submerged to the depth of 6 meters, there 
were not any problems. After a few minutes the vehicle 
was in the aquatic environment, there was no moisture 
inside the case. 

Testing the device in the pool with a simulated current 
of a depth of 0.5 m showed that it is difficult to control 
the underwater vehicle in such conditions. 

 
 

 
 

Fig. 2. Scheme of interaction of components  
of the control system complex 

 
Рис. 2. Схема взаимодействия компонентов комплекса  

системы управления 
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Fig. 3. Testing the underwater vehicle prototype 
 

Рис. 3. Тестирование прототипа подводного аппарата 
 
 
However, under these conditions, the device stabilizes 

well and it is able to actively move. After several tests of 
the underwater vehicle, there were no problems with the 
penetration of water inside it. 

Fig. 3 shows an image of testing the prototype of an 
underwater vehicle in a pool. 

Conclusion. The developed prototype of a remotely 
operated underwater vehicle in the form of a quadcopter 
made it possible to determine the viability of the selected 
device design and the structure of its control system. In 
the future, it is planned to develop a waterproof case for 
installing a camera, add some necessary sensors. Is 
planned to install lighting package as well. In connection 
with the installation of new components, the underwater 
vehicle control system and software will be further elabo-
rated. The studies will allow us to develop a new version 
of the underwater vehicle, taking into account the wishes 
and identified problems. 
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