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VJIK 621.321
ADVANTAGES AND DISADVANTAGES OF SURFACE ROBOTS IN VARIOUS FIELDS
OF APPLICATION

V.A. Kotenko

Kharkiv National University of Radio Electronics

Ukraine, 61166, Kharkiv, Nauky Ave. 14

E-mail: yolodymyr.kotenko@nure.ua

The article examines the main advantages and disadvantages of surface robots used in scientific,
industrial, civilian, and military domains. The study highlights benefits such as operational safety,
cost-cffectiveness, autonomy, and design features. It also addresses key limitations, including
technical challenges, communication issues, legal regulations, and financial barriers. This analysis
provides a comprehensive understanding of the potential and limitations of unmanned surface
vehicles as an advanced technological solution,

Key words: surface robots, water logistics, advantages and disadvantages, scientific research,
monitoring

IMEPEBAI'H TA HEJIOJIIKH HAJIBO/IHHX POBOTH30BAHHX CHCTEM ¥V
CYYACHHX CREPAX 3ACTOCYBAHHA

B. A. Korenko

XapKiBChKHIl HALIOHAILHHI YHIBCPCHTCT PalOC/ICKTPOHIKH

Vkpaina, 61166, Xapkis, np. Haykn 14

E-mail: volodymyr kotenko@nure.ua

Y crarri po3riasHyTO OCHOBHI IEpeBard Ta HEIONIKH BHKOPHCTAHHS HaJABOJAHHX poboOTIiB Y
pisHHX cdepax: HayKoBiil, NPOMHCIOBIH, UMBLIBHIA Ta BilicbkoBiii. BHokpemicHo nepepars,
nos’'s3ai 3 Ge3neKor, eKOHOMIYHICTIO, ABTOHOMHICTIO Ta KOHCTPYKTHBHHMH OCOGIHBOCTAMH.
Takok NPoaHANI30BAHO KIOMOBI HEI0MIKH, BKIIOMHO 3 TCXHIMHUMH CKIaaHOomaMy, npobicMamu
IB'A3KY, NPABOBHM peryiioBauHaM Ta ginancosumu H6ap’epamu. Tpejcrapnennii anania jo3ponse
cpopMyBaTH YABACHHA PO MOTCHLIAN Ta OOMEKCHHS BHKOPHCTAHHS HAJBOAHHX poOOTIB.

Kmouosi caopa: najsojmi pofoTH, BOANA JIOFICTHKA, [epeBarit Ta HEJOMIKH, HAyKOBI
JOCTIDKEHHSA, MOHITOPHHT.

RELEVANCE OF THE WORK. In era of modern technological advancements and requirements
faced by scientific, military, and industrial sectors, surface robots are gaining increasing popularity as
a versatile tool for performing various tasks. Their ability to operate in challenging conditions, ensure
autonomy, and reduce human factors opens new possibilities for monitoring water bodies, conducting
research, and ensuring security. Surface robots are becoming important participants not only in rescue
and military operations but also in fields such as ecology, climate change research, and natural
resource management. The use of these technologies significantly increases task efficiency, reduces
costs and risks, and ensures accuracy in data collection and processing.

INTRODUCTION. Surface robots are gaining increasing importance in various fields due to their
ability to perform complex tasks and operate in conditions where human presence is undesirable or
dangerous. An important part of their development and implementation is understanding both their
advantages and disadvantages. Considering these aspects is necessary for creating effective and safe
systems, as well as mmimizing risks and improving the use of surface robots in various conditions.
This article will examine the main advantages and disadvantages of such technologies, allowing for
an assessment of their potential and identification of key factors for successful implementation.
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MATERIALS AND RESEARCH RESULTS. One of the main advantages of surface robots is
their ability to perform dangerous missions without involving human crews. In particular, when
clearing water areas of mines, protecting coastal zones, or operating in adverse weather conditions,
these devices help avoid nisks to human hives. Additionally, such devices can be used to target water-
based objectives, which is of particular importance in the context of modern military conflicts [1].

The use of surface robots significantly reduces cconomic costs. The absence of crew members
eliminates the need for life support systems, reduces fuel costs, technical maintenance and repair
expenses for equipment and the device itsell, as well as employee salaries [2].

Surface robots enable the implementation of long-term tasks since they can remain in aquatic
environments much longer than vessels with human crews. The absence of human factors—such as
the need for sleep, food, etc. provides the possibility of continuous operation for days, weeks, and
even months or vears. Furthermore, such devices can function in harsher weather conditions
compared to conventional vessels since there is no need to consider crew comfort [3].

In the absence of a crew and life support systems, surface robots can have a more aerodynamic
design, making them faster, more maneuverable, and smaller in size. These characieristics make
controlling such devices easier, allow for installation of more equipment necessary for achieving set
objectives, and enable access o hard-to-reach places [4].

Surface robots play a key role in modernizing the field of maritime transportation and logistics,
ensuring high levels of productivity and cost reduction. Thanks to autonomous operation without the
nced for a crew, these deviees significantly reduce maintenance costs and eliminate risks to personnel
health and life, Equipped with intelligent navigation and communication systems, they can
cffectively navigate maritime routes, avoid obstacles, and build optimal movement trajectorics,
positively impacting fuel economy and reducing harmful emissions mto  the environment.
Additionally, surface robots can perform functions of rcmotc monitoring of vessel technical
conditions, cargo inspection, and surveillance of port facilitics, contributing to incrcascd safcty of
maritime opcrations | 5.

Modern surface robots demonstrate significant environmental advantages compared to traditional
vessels. Due to their compact size and lightweight construction, they consume less fuel, leading to
reduced greenhouse gas emissions. Many models are equipped with alternative energy sourees, such
as wind and solar installations, allowing them tw operate for extended periods without refueling,
reducing dependence on fossil fuels. Furthermore, the absence of the need to transport fuel or other
hazardous matenials reduces the nisk of environmental disasters, such as oil spills. These
characteristics make surface robots more cnvironmentally safe and contribute to the sustainable
development of mantime operations [5].

However, like any technical means, surface robots have certain disadvantages. The first is the
constant exposure to moisture, salt and fresh water, and temperature fluctuations, which creates
specific requirements for protecting electronic and mechanical elements. Water corrosion can guickly
damage unprotected elements, significantly reducing their service life and that of the entire system,
The need to create waterproof protection significantly increases production costs and adds
complexity to the deviee's construction. Al the same time, the requirement for complete sealing of all
components creates obstacles for quick repairs and scheduled maintenance, causing even minor
technical problems to lead to interruptions in the robot's operation [ 5].

Another disadvantage of surface robots is the vulnerability of communication and navigation
systems during cyber attacks or electronic countermeasures. During mission execution, navigation
problems may arise due to interception of control over the device or replacement of navigation data,
which can not only disrupt the task but also potentially make the device a dangerous tool against
those who use it. Therefore, creating an effective secunity system for communication channels and
software becomes critically necessary, although technically extremely complex [6].
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The legislative framework regarding surface robots is stll forming, and there is a need for
standardized rules for their safe operation. Regulatory aspects regarding licensing, insurance
mechanisms, legal responsibility, and safety certification require comprehensive regulatory
settlement for facilitating full-scale integration into maritime operational systems. The lack of
approved legal norms may become a restraining factor for the use of surface robots 7).

Despite the fact that surface robots provide savings by reducing operational costs, initial
investments in their acquisition, repair, and modernization can be significant. The cost of modem
technologies, namely sensors, commumication systems, and artificial intelhgence mtegration,
additionally increases the overall cost of the robot. Price affordability may be a limiting factor,
especially for clients or organizations with limited budgets [7].

Another significant limitation of surface robots 15 their imited payload capacity. Due to compact
sizes and design features, these devices cannot transport heavy equipment or large volumes of cargo,
limiting their application in certain arcas, such as transporting significant amounts of matcrials. This
limitation needs 0 be considered when planning missions and determining tasks that can be
effectively performed using surface robots [7].

The complexity of integration with existing infrastructure and management systems is a serious
challenge for the widespread implementation of surface robots in navigation, Most existing ports,
navigation hubs, and logistics facilities are designed to service traditional vessels with human crews.
They are not adapted to autonomous devices that require special conditions for mooning, recharging,
cargo transfer, or data rcading. Additionally, existing management and monitoring systems often do
not support communication protocols used by surface robots. This leads to incompatibility at the level
of softwarc and communication channels, complicating centralized management of unmanned device
Meets. Overcoming these problems requires modemnization of infrastructure, including installation of
appropriatc terminals, automated docks, charging stations, as well as integration of unificd
information systems. All this requires significant financial and technieal resources, which may
become a restraining factor for many countrics and companics, cspecially in conditions of limited
budget or technical backwardness of the region |8].

CONCLUSIONS, Swurface robots play an ncreasingly significant role in modermn scientific,
industrial, and sccurity ficlds due to their autonomy, cnvironmental fricndliness, and ability to
effectively operate in difficult conditions without human nisk. They demonstrate a wide spectrum of
advantages — from reducing costs and minimizing human factors to incrcasing accuracy and duration
of task execution. Along with this, it 15 important to consider technical and regulatory himitations
associated with their operation, among which the influence of the aguatic cnvironment, cyber threats,
high technology costs, and limited payload capacity should be especially highlighted. Further
development of this field requires improvement of designs, enhancement of securily system
reliability, and formation of a unified legal framework that will allow for full integration of surface
robots into various spheres of human activity,
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JTOJATOK b
[Tporpamuuii kon qst ESP32-CAM

#include "esp_camera.h"
#include <Arduino.h>

#include <WiFi.h>

#include <ESPAsyncWebServer.h>
#include <AsyncTCP.h>

#define FLASH_LED_PIN 4

// 3MiHH1 ana 36epiraHHsA ocTaHHiX 3Ha4veHb BiacTaHei (oTpumywTbes Bip Dev Kit)
float frontDistance = 0;

float leftDistance = 9;

float rightDistance = 0;

unsigned long lastSensorUpdate = 9;

// 3MiHHi anAa cucTtemu iHAMKAUiI nepewkon

bool frontWarningShown = false;

bool leftWarningShown = false;

bool rightWarningShown = false;

const float SAFE_DISTANCE = 200.9; // cM - 3eneHuit pianas3oH 400-200
const float WARNING_DISTANCE = 100.0; // cm - %OBTWUA Aiana3oH 200-100
// YepBoHuit gianasoH 100-0

// 3MmiweHHA paTynkiB Bip kpaiB poboTa (cM)

const float FRONT_SENSOR_OFFSET = 27.0; // MNepepHin paTyvMk 3miweHuih Ha 27 cm
const float LEFT_SENSOR_OFFSET = 3.0; // NiBuiA gaTynk 3miweHnn Ha 3 cm
const float RIGHT_SENSOR_OFFSET = 3.0; // MNpaBuin faTyukK 3MmiweHuit Ha 3 cm

// Camera GPIO Configuration

#define PWDN_GPIO_NUM 32
#define RESET_GPIO_ NUM -1
#define XCLK_GPIO_NUM 0
#define SIOD_GPIO_NUM 26
#define SIOC_GPIO_NUM 27
#define Y9_GPIO_NUM 35
#define Y8_GPIO_NUM 34
#define Y7_GPIO_NUM 39
#define Y6_GPIO_NUM 36
#define Y5_GPIO_NUM 21
#define Y4_GPIO_NUM 19
#define Y3_GPIO_NUM 18
#define Y2_GPIO_NUM 5
#define VSYNC_GPIO_NUM 25
#define HREF_GPIO_NUM 23
#define PCLK_GPIO_NUM 22

const char* ssid
const char* password

"MyWaterRobot";
"12345678";

AsyncWebServer server(890);

const char* htmlHomePage PROGMEM = R"HTMLHOMEPAGE (



<!DOCTYPE html>

<html>

<head>
<meta name="viewport" content="width=device-width,

scale=1, user-scalable=no">
<meta charset="UTF-8">
<style>

*

}

{

box-sizing: border-box;
margin: 0;

padding: 9;

user-select: none;
-webkit-user-select: none;
-moz-user-select: none;
-ms-user-select: none;

body {

}

font-family: 'Arial', sans-serif;
background-color: #fof4f8;
display: flex;

justify-content: center;
align-items: center;

min-height: 100vh;

padding: 20px;

.container {

}

background-color: white;
border-radius: 15px;
box-shadow: @ 10px 250)
padding: 20px;
max-width: 450px;

width: 100%;

.page-title {

}

font-size: 24px;

font-weight: bold;

color: #2c3e50;

text-align: center;
margin-bottom: 20px;
padding-bottom: 10px;
border-bottom: 2px solid #4a90e2;

.camera-feed {

}

width: 100%;

height: 250px;
background-color: #e9ecef;
border-radius: 10px;
margin-bottom: 20px;
overflow: hidden;

.camera-feed img {

}

width: 100%;
height: 100%;
object-fit: cover;

.control-grid {

display: grid;
grid-template-columns: repeat(3, 1fr);
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grid-template-areas:

". up !
"left stop right”
". down .";

gap: 12px;

margin-bottom: 20px;
align-items: center;
justify-content: center;

.control-grid button:nth-child(1) { grid-area: up; }
.control-grid button:nth-child(2) { grid-area: left; }
.control-grid button:nth-child(3) { grid-area: stop; }
.control-grid button:nth-child(4) { grid-area: right; }
.control-grid button:nth-child(5) { grid-area: down; }
.control-btn {

}

}

}

}

}

}

background: linear-gradient(145deg, #5ba3f5, #4a90e2);
color: white;

border: none;

border-radius: 12px;

padding: 18px;

font-size: 20px;

font-weight: bold;

cursor: pointer;

transition: all 9.2s ease;

outline: none;

box-shadow: © 4px 8px rgba(74, 144, 226, 0.3);
position: relative;

overflow: hidden;

control-btn:active {

background: linear-gradient(145deg, #357abd, #2e6aal);
transform: translateY(2px);

box-shadow: @ 2px 4px rgba(74, 144, 226, 0.4);

control-btn:hover {
transform: translateY(-1px);
box-shadow: @ 6px 12px rgba(74, 144, 226, 0.4);

slider-container {
display: flex;
flex-direction: column;
gap: 8px;
margin-bottom: 15px;
position: relative;

slider-header {

display: flex;

justify-content: space-between;
align-items: center;
margin-bottom: 5px;

slider-label {
font-weight: bold;
color: #2c3e50;
display: flex;
align-items: center;
gap: 8px;

slider-value {
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}

font-weight: bold;
color: #4a90e2;
font-size: 16px;
min-width: 45px;
text-align: right;

.slider-wrapper {

}

position: relative;
display: flex;
align-items: center;
gap: 10px;

.direction-arrow {

}

font-size: 18px;
color: #4a90e2;
font-weight: bold;

.slider {

}

flex: 1;
-webkit-appearance: none;
appearance: none;

height: 12px;

background: #e0e0e0;
border-radius: 6px;
outline: none;

opacity: 0.8;

transition: opacity 0.2s;
position: relative;

.slider:hover {

}

opacity: 1;

.slider::-webkit-slider-thumb {

}

-webkit-appearance: none;

appearance: none;

width: 24px;

height: 24px;

background: linear-gradient(145deg, #5ba3f5, #4a90e2);
border-radius: 50%;

cursor: pointer;

box-shadow: @ 2px 6px rgba(74, 144, 226, 0.4);
transition: all 0.2s ease;

.slider::-webkit-slider-thumb:hover {

}

transform: scale(1.1);
box-shadow: @ 3px 8px rgba(74, 144, 226, 0.6);

.slider::-moz-range-thumb {

}

width: 24px;

height: 24px;

background: linear-gradient(145deg, #5ba3f5, #4a90e2);
border-radius: 50%;

cursor: pointer;

border: none;

box-shadow: @ 2px 6px rgba(74, 144, 226, 0.4);

.center-mark {

position: absolute;
top: 50%;
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left: 50%;

transform: translate(-50%, -50%);
width: 3px;

height: 16px;

background-color: #e74c3c;
border-radius: 2px;
pointer-events: none;

¥

.sensors-panel {
background-color: #e8f5e9;
border-radius: 10px;
padding: 15px;
margin-bottom: 20px;

}

.sensors-title {
font-weight: bold;
color: #2c3e50;
text-align: center;
margin-bottom: 10px;

}

.sensors-grid {
display: grid;
grid-template-columns: repeat(3, 1fr);
gap: 10px;
text-align: center;

}

.sensor-box {
padding: 8px;
border-radius: 8px;
background-color: white;
box-shadow: © 2px 5px rgba(0,0,0,0.1);
display: flex;
flex-direction: column;
align-items: center;
position: relative;

¥

.sensor-label {
font-size: 12px;
color: #555;
margin-bottom: 5px;

¥

.sensor-value {
font-size: 18px;
font-weight: bold;
color: #2e7d32;
margin-bottom: 8px;

}

.sensor-icon {
font-size: 20px;
margin-bottom: 5px;
color: #4a90e2;

}

/* CTaTyc iHgukaTopu - Kpyxedku */
.status-indicator {

position: absolute;

top: 5px;

right: 5px;

width: 12px;
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height: 12px;

border-radius: 50%;

border: 2px solid white;

box-shadow: © 1px 3px rgba(0,0,0,0.3);
¥

.status-indicator.safe {
background-color: #4CAF50;

}

.status-indicator.warning {
background-color: #FF9800;
animation: statusBlink 1.5s ease-in-out infinite;

}

.status-indicator.danger {
background-color: #F44336;
animation: statusBlink 0.8s ease-in-out infinite;

}

@keyframes statusBlink {
0%, 100% { opacity: 1; }
50% { opacity: 0.3; }

}

/* Monockn BHU3Y paTyukis */
.safety-indicator {
width: 100%;
height: 6px;
border-radius: 3px;
background-color: #ddd;
overflow: hidden;
position: relative;
margin-top: 5px;

}

.safety-bar {
height: 100%;
border-radius: 3px;
transition: all 0.3s ease;
position: relative;

}

.safety-bar.safe {
background: linear-gradient(90@deg, #4CAF50, #81C784);
width: 100%;

}

.safety-bar.warning {
background: linear-gradient(90@deg, #FF9800, #FFB74D);
width: 100%;
animation: warningPulse 1.5s ease-in-out infinite;

}

.safety-bar.danger {
background: linear-gradient(90deg, #F44336, #EF5350);
width: 100%;
animation: dangerPulse 1s ease-in-out infinite;

}
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@keyframes warningPulse {
0%, 100% { opacity: 1; }
50% { opacity: 0.6; }

}

@keyframes dangerPulse {
0%, 100% { opacity: 1; transform: scaleY(1l); }
50% { opacity: 0.8; transform: scaleY(1.2); }
}
</style>
</head>
<body>
<div class="container">
<hl class="page-title"> s HaaBogHui PoboT</hl>
<div class="camera-feed">
<img id="cameraImage" src="/camera_feed" alt="Camera Feed">
</div>

<div class="sensors-panel”>
<div class="sensors-title">BiacTaHb A0 nepewkoau</div>
<div class="sensors-grid">
<div class="sensor-box">
<div class="status-indicator safe" id="leftStatus"></div>
<div class="sensor-icon">«</div>
<div class="sensor-label">3niBa</div>
<div class="sensor-value" id="leftDistance">-- cm</div>
<div class="safety-indicator">
<div class="safety-bar safe" id="leftSafetyBar"></div>
</div>
</div>
<div class="sensor-box">
<div class="status-indicator safe" id="frontStatus"></div>
<div class="sensor-icon">1</div>
<div class="sensor-label">Cnepegy</div>
<div class="sensor-value" id="frontDistance">-- cm</div>
<div class="safety-indicator">
<div class="safety-bar safe" id="frontSafetyBar"></div>
</div>
</div>
<div class="sensor-box">
<div class="status-indicator safe" id="rightStatus"></div>
<div class="sensor-icon">»</div>
<div class="sensor-label">CnpaBa</div>
<div class="sensor-value" id="rightDistance">-- cm</div>
<div class="safety-indicator">
<div class="safety-bar safe" id="rightSafetyBar"></div>
</div>
</div>
</div>
</div>

<div class="control-grid">
<button class="control-btn" onmousedown="sendCommand('MoveRobot"', 1)"
onmouseup="sendCommand( 'MoveRobot', ©)" ontouchstart="sendCommand('MoveRobot",
1)" ontouchend="sendCommand('MoveRobot', 0)">a</button>
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<button class="control-btn" onmousedown="sendCommand('MoveRobot"', 3)"
onmouseup="sendCommand ( 'MoveRobot', ©)" ontouchstart="sendCommand('MoveRobot",
3)" ontouchend="sendCommand('MoveRobot', 0)"><</button>

<button class="control-btn" onmousedown="sendCommand('MoveRobot', ©)
ontouchstart="sendCommand( 'MoveRobot', ©)">m</button>

<button class="control-btn" onmousedown="sendCommand('MoveRobot', 4)"
onmouseup="sendCommand ( 'MoveRobot', ©)" ontouchstart="sendCommand('MoveRobot",
4)" ontouchend="sendCommand('MoveRobot', @)">»</button>

<button class="control-btn" onmousedown="sendCommand('MoveRobot"', 2)"
onmouseup="sendCommand( "MoveRobot"', 0)" ontouchstart="sendCommand('MoveRobot",
2)" ontouchend="sendCommand('MoveRobot', 0)">v</button>

</div>

<div class="slider-container">
<div class="slider-header">
<div class="slider-label">'s: MoBopoT kamepu</div>
<div class="slider-value" id="panValue">90°</div>
</div>
<div class="slider-wrapper">
<input type="range" min="0" max="180" value="90" class="slider"
id="Pan" oninput="updatePanValue(this.value); sendCommand('Pan', this.value)">
<div class="center-mark"></div>
</div>
</div>

<div class="slider-container">
<div class="slider-header">
<div class="slider-label">® OnyckaHHAa exonoTa</div>
<div class="slider-value" id="tiltValue">0°</div>
</div>
<div class="slider-wrapper">
<div class="direction-arrow">a</div>
<input type="range" min="0" max="180" value="0" class="slider"
id="Tilt" oninput="updateTiltValue(this.value); sendCommand('Tilt', this.value)">
<div class="direction-arrow">v</div>
</div>
</div>

<div class="slider-container">
<div class="slider-header">
<div class="slider-label"> lBnakicTe</div>
<div class="slider-value" id="speedValue">150</div>
</div>
<div class="slider-wrapper">
<input type="range" min="0" max="255" value="150" class="slider"
id="Speed" oninput="updateSpeedvValue(this.value); sendCommand('Speed’,
this.value)">
</div>
</div>
</div>
<script>
// OyHkuis pna signpasku HTTP-3anuTiB 3amicTb WebSocket
function sendCommand(command, value) {
if (command === 'Pan')
var xhr = new XMLHttpRequest();
xhr.open("GET", "/control?command=" + command + "&value='
xhr.send();

}

+ value, true);
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// OyHKUil AnA OHOBNEHHA BipobpaxeHHA 3HaYeHb crnangepis
function updatePanValue(value) {
document.getElementById("panValue").innerHTML = value + "°";

}

function updateTiltValue(value) {
document.getElementById("tiltValue").innerHTML = value + "°";

}

function updateSpeedvValue(value) {
document.getElementById("speedValue").innerHTML = value;
}

// ®yHKuiAa onAa BM3HA4YeHHA piBHA 6e3neku Ha ocHoBi BiAacTaHi
// HoBl pianasoHu: 400-200cMm 3eneHui, 200-100cm xoBTUA, 100-OCM YepBOHUK
function getSafetylLevel(distance) {

if (distance <= @) return ‘unknown';

if (distance >= 200) return 'safe'; // 3eneHuin - 400-200cMm
if (distance >= 100) return 'warning'; // XoBTuh - 200-100cm
return ‘'danger’'; // YepBoHuit - 100-0cM

}

// ®yHKuiA AnA OHOBNEHHA iHAMKaTopiB 6e3nekwu

function updateSafetyIndicator(prefix, distance) {
var safetylLevel = getSafetylLevel(distance);
var safetyBar = document.getElementById(prefix + "SafetyBar");
var statusIndicator = document.getElementById(prefix + "Status");

// O4umwaemo BCi Knacwu
safetyBar.className = "safety-bar";
statusIndicator.className = "status-indicator";

// Dopaemo BignoBigHuM knac

if (safetylLevel !== 'unknown') {
safetyBar.classList.add(safetyLevel);
statusIndicator.classList.add(safetylLevel);

} else {
safetyBar.classlList.add('safe');
statusIndicator.classList.add('safe');

}

}

// ®yHKuia anAa nepioAMYHOrO OHOBJIEHHA AaHWMX AaTyukiB
function updateSensorData() {
var xhr = new XMLHttpRequest();
xhr.onreadystatechange = function() {
if (this.readyState == 4 && this.status == 200) {
var data = JSON.parse(this.responseText);

// Bipobpaxaemo uini 4ucna
document.getElementById("frontDistance™).innerHTML
Math.round(data.frontDistance) + " cm";
document.getElementById("leftDistance").innerHTML =
Math.round(data.leftDistance) + " cm";
document.getElementById("rightDistance").innerHTML
Math.round(data.rightDistance) + " cm";

// OHOBMEMO iHAMKATOPU 3 HOBMMM AianasoHamu
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updateSafetyIndicator("front", data.frontDistance);
updateSafetyIndicator("left", data.leftDistance);
updateSafetyIndicator("right", data.rightDistance);
¥
¥
xhr.open("GET", "/sensor_data", true);
xhr.send();

}

// ®yHKUiA AnA OHOBNEHHA 306paxeHHA 3 Kamepwu
function refreshCameralImage() {
var img = document.getElementById("cameralmage");
img.src = "/camera_feed?t=" + new Date().getTime(); // [omaBaHHA YacoBoi
MiTkM ans 3anobiraHHA KewyBaHHA

}

// IHiyianizsayia npu 3aBaHTaxeHH1 CTOpiHKuK

window.onload = function() {
// BianpaBnAemo no4aTKoOB1 3HayeHHA cranWgepis
sendCommand("Speed", document.getElementById("Speed").value);
sendCommand("Pan", document.getElementById("Pan").value);
sendCommand("Tilt", document.getElementById("Tilt").value);

// IHiuianisyemo BipobpaxeHHA 3Ha4yeHb
updatePanValue(document.getElementById("Pan").value);
updateTiltValue(document.getElementById("Tilt").value);
updateSpeedValue(document.getElementById("Speed").value);

// NepiognyHe OHOBNEHHA faHuMX ceHcopiB (KOXHi 500 Mmc)
setInterval(updateSensorData, 500);

// NepioanyHe oOHOBNEHHS 306paxeHHA 3 Kamepu (KOXHi 200 mc)
setInterval(refreshCameralmage, 200);
¥
</script>
</body>
</html>
YHTMLHOMEPAGE" ;

// ®yHKUiA AnA napcuHry fJaHuMx ceHcopiB, oTpumaHux Bip Dev Kit
void parseSensorData(String data) {
// ®opmaT: "SENSORS,front,left,right" Hanpuknas "SENSORS,25.3,30.1,15.7"
if (data.startsWith("SENSORS,")) {
data = data.substring(8); // Buganaemo "SENSORS,"

int firstComma = data.indexOf(',");
int secondComma = data.indexOf(',', firstComma + 1);

if (firstComma > © && secondComma > 0) {
// NMapcumo BipcTaHi
float rawFrontDistance = data.substring(@, firstComma).toFloat();
float rawLeftDistance = data.substring(firstComma + 1,
secondComma) .toFloat();
float rawRightDistance = data.substring(secondComma + 1).toFloat();

// BipHimaemo 3miweHHA 1 3abe3ne4vyyemo, wob BiAcTaHb He bGyna BiA' EMHOMW
frontDistance = std::max(0.0f, rawFrontDistance - FRONT_SENSOR _OFFSET);
leftDistance = std::max(0.0f, rawLeftDistance - LEFT_SENSOR_OFFSET);
rightDistance = std::max(0.0f, rawRightDistance - RIGHT_SENSOR_OFFSET);
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lastSensorUpdate = millis();

// TepeBipkKa KpUTUYHUX BipcTaHen
checkAndPrintCompactWarnings();

Serial.printf("Sensor data (corrected) - F:%.1f L:%.1f R:%.1f\n",
frontDistance, leftDistance, rightDistance);
}

}
}

// ®yHKUiA gnA nepeBipkuM KpUTUYHMX BiAcTaHew
void checkAndPrintCompactWarnings() {

String status = "STATUS: ";

bool hasAlert = false;

// NepeBipka cnepepy (400-200 3eneHuil, 200-100 xoBTWi, 100-0 4YepBOHWUIA)
if (frontDistance > 0) {
if (frontDistance < 100) {
status += "F:CRIT “;
hasAlert = true;
} else if (frontDistance < 200) {
status += "F:WARN ";
hasAlert = true;
}
}

// MNepeBipka 3nia (Ti x pianasoHu)
if (leftDistance > 9) {
if (leftDistance < 100) {
status += "L:CRIT ";
hasAlert = true;
} else if (leftDistance < 200) {
status += "L:WARN ";
hasAlert = true;

}
}

// NepeBipka cnpaBa (Ti X aianasoHu)
if (rightDistance > @) {
if (rightDistance < 100) {
status += "R:CRIT ";
hasAlert = true;
} else if (rightDistance < 200) {
status += "R:WARN ";
hasAlert = true;
}
}

// BuBoguMmo cTaTycC Tinbku npu 3miHi abo HaABHOCTi nmonepenpxeHb
if (hasAlert) {
Serial.println(status);

}
}

void sendRobotCommands(String inputCommand) {
Serial.println("Sending to Dev Kit: " + inputCommand);
Seriall.println(inputCommand); // BianpaBnsemMo komaHgu Ha Seriall (Dev Kit)
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}

void handleRoot(AsyncWebServerRequest *request) {
request->send_P(200, "text/html", htmlHomePage);
}

void handleControl(AsyncWebServerRequest *request) {
String command = request->getParam("command")->value();
String value = request->getParam("value")->value();
String fullCommand = command + "," + value;
sendRobotCommands (fullCommand);

// BipnpaBnaemo BignoBiAb, WO KOMaHAa OTpPUMaHa
request->send(200, "text/plain"”, "OK");
}

void handleSensorData(AsyncWebServerRequest *request) {
String jsonResponse = "{\"frontDistance\":" + String(frontDistance, 1) +
",\"leftDistance\":" + String(leftDistance, 1) +
",\"rightDistance\":" + String(rightDistance, 1) + "}";
request->send(200, "application/json", jsonResponse);

}

// 06pobHuk ans Bippavi 306paxeHHA 3 Kamepwu
void handleCameraCapture(AsyncWebServerRequest *request) {
camera_fb_t * fb = esp_camera_fb_get();
if (!1fb) {
Serial.println("Camera capture failed");
request->send(500, "text/plain", "Camera capture failed");
return;

}

AsyncResponseStream *response = request->beginResponseStream("image/jpeg");
response->addHeader("Content-Disposition"”, "inline; filename=capture.jpg");
response->write((const char *)fb->buf, fb->len);

request->send(response);

esp_camera_fb_return(fb);

}

void handleNotFound(AsyncWebServerRequest *request) {
request->send(404, "text/plain", "File Not Found");

}

void setupCamera() {
camera_config_t config;
config.ledc_channel = LEDC_CHANNEL_O;
config.ledc_timer = LEDC_TIMER_O;
config.pin_d@ = Y2_GPIO_NUM;
config.pin_dl = Y3_GPIO_NUM;
config.pin_d2 = Y4_GPIO_NUM;
config.pin_d3 = Y5_GPIO_NUM;
config.pin_d4 = Y6_GPIO_NUM;
config.pin_d5 = Y7_GPIO_NUM;
config.pin_d6 = Y8_GPIO_NUM;
config.pin_d7 = Y9_GPIO_NUM;
config.pin_xclk = XCLK_GPIO_NUM;
config.pin_pclk = PCLK_GPIO_NUM;



config.pin_vsync = VSYNC_GPIO_NUM;
config.pin_href = HREF_GPIO_NUM;
config.pin_sscb_sda = SIOD_GPIO_NU
config.pin_sscb_scl = SIOC_GPIO_NU
config.pin_pwdn = PWDN_GPIO_NUM;
config.pin_reset = RESET_GPIO_NUM;
config.xclk_freq_hz = 20000000;
config.pixel_format = PIXFORMAT_JP

M;
M;

EG;

config.frame_size = FRAMESIZE_SVGA;

config.jpeg_quality =
config.fb_count = 2;

esp_err_t err = esp_camera_init(&c
if (err != ESP_OK) {

Serial.printf("Camera init failed with error ox%x", err);

return;

}

onfig);

Serial.println("Camera initialized successfully");

sensor_t * s = esp_camera_sensor_g

if (s) {

// HanawTyBaHHA napameTpiB AaTum
s->set_brightness(s, 0); //
s->set_contrast(s, 0); //
s->set _saturation(s, 0); //
s->set _special effect(s, 0); //
s->set_whitebal(s, 1); //
s->set_awb_gain(s, 1); //
s->set_wb_mode(s, 9); //
s->set_exposure_ctrl(s, 1); //
s->set_aec2(s, 9); //
s->set_gain_ctrl(s, 1); //
s->set_agc _gain(s, 9); //
s->set_gainceiling(s, (gainceili
s->set_bpc(s, 9); //
s->set_wpc(s, 1); //
s->set_raw_gma(s, 1); //
s->set_lenc(s, 1); //
s->set_hmirror(s, 0); //
s->set_vflip(s, 9); //
s->set_dcw(s, 1); //

}
}

void setup(void) {
Serial.begin(115200);
pinMode (FLASH_LED_PIN, OUTPUT);
digitalwrite(FLASH_LED_PIN, LOW);

et();

Ka Kamepwu
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// HanawTtyBaHHA Serial ana nepepayi komaHa Ha ESP32 DevKit Ta oTpumaHHA JaHUX

ceHcopis

// RX=3 (UGRXD), TX=1 (UOGTXD) nipknwyawTbca no GPIO17, GPIO16 Dev Kit

BignosigHo
Seriall.begin(115200, SERIAL_8N1,

// HanawTtyBaHHA WiFi Touykm pgocTtyny
WiFi.mode(WIFI_AP);
WiFi.softAP(ssid, password);
IPAddress IP = WiFi.softAPIP();

3, 1);



Serial.
Serial.
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print("AP IP address: ");
println(IP);

// HanawTyBaHHA 06pobHMkiB HTTP-3anuTiB

server
server

server

server.
Serial.

.on("/", HTTP_GET, handleRoot);

.on("/control", HTTP_GET, handleControl);
server.
server.
.onNotFound(handleNotFound);

on("/sensor_data", HTTP_GET, handleSensorData);
on("/camera_feed", HTTP_GET, handleCameraCapture);

begin();
println("HTTP server started");

setupCamera();

Serial.

}

println("ESP32-CAM roToBuit go pobotu!");

void loop() {
// YnTaHHA paHux Big Dev Kit (BKJIWYHO 3 AaHMMM ceHcopiBs)
if (Seriall.available()) {
String receivedData = Seriall.readStringUntil('\n');
receivedData.trim();

// Akwo oTpumaHi pgaHi micTATb iHPopmauiw npo ceHcopwu

if (receivedData.startsWith("SENSORS,")) {
parseSensorData(receivedData);

} else {
Serial.println("Received from Dev Kit: " + receivedData);

}
}

// Nepepaya komaHg 3 Serial Ha Seriall (mnA HanaropxeHHA)
if (Serial.available()) {
String command = Serial.readStringUntil('\n');
Seriall.println(command);

}
}
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JTOJATOK B
[Iporpamunii xox mis ESP32 DevKit V1

#include <vector>
#include <iostream>
#include <sstream>
#include <ESP32Servo.h>

// NiHWM pnAa ynbTpa3ByKOBUX AAT4MKiB
#define TRIGGER_PIN_FRONT 25 // NiH pgnAa TRIG nepepHLOro paTtyuka

#define ECHO_PIN_FRONT 26 // NMiH pna ECHO nepepHbOro paTtyuka

#define TRIGGER_PIN_LEFT 32 // NMin pna TRIG niBoro paTyuka

#define ECHO_PIN_LEFT 33 // Nin pna ECHO niBoro paTyuka

#define TRIGGER_PIN_RIGHT 2 // NMiH pgna TRIG npaBoro paTyuka

#define ECHO_PIN_RIGHT 4 // NMiH pna ECHO npaBoro paTyuka

#define PAN_SERVO_PIN 12 // CepBOABUTYH AnA NOBOPOTY Kamepu
#define TILT_SERVO_PIN 13 // CepBOABWUIYH pna OMNyCKaHHA exo0JioTa
#define STEERING_SERVO1_PIN 14 // Nepuunit cepsonpuBip kKepyBaHHA (NniBo)
#tdefine STEERING_SERVO2_PIN 27 // Dpyruin cepsonpuBip KepyBaHHA (npaBo)

// BW3HA4YeHHA HanpsAMKiB pyxy
#define UP 1

#tdefine DOWN 2

#tdefine LEFT 3

#define RIGHT 4

#define STOP ©

// HanawTyBaHHA mMOTOpiB
#define RIGHT_MOTOR ©
#define LEFT_MOTOR 1
#define FORWARD 1
#define BACKWARD -1

const int MAX_DISTANCE = 400; // MakcumanbHa BiacTaHb B CaHTuUMeTpax

// 3MiHH1 pna 36epiraHHA OCTaHHix 3HayveHb BiAcTaHew

float frontDistance = 0;

float leftDistance = 9;

float rightDistance = 0;

unsigned long lastDistanceMeasurement = 0;

const int MEASUREMENT_INTERVAL = 500; // IHTepBan BuMipwBaHb

// CTpyKkTypa pna pins moTopis
struct MOTOR_PINS {

int pinIN1;

int pinIN2;

int pinEn;

int pwmSpeedChannel;
¥

// Pins pna moTopis
std: :vector<MOTOR_PINS> motorPins = {
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{5, 18, 22, 4}, // RIGHT_MOTOR
{19, 21, 23, 5}, // LEFT_MOTOR
}s

const int PWMFreq = 1000; // 1 KHz
const int PWMResolution = 8;
int currentSpeed = 150; // CTaHpapTHa WBMAKiCTb

Servo panServo;
Servo tiltServo;
Servo steeringServol;
Servo steeringServo2;

// ®yHkuia BumipwBaHHA BipacTaHi

float measureDistance(int trigPin, int echoPin) {
// O4duyaemo Tpurep
digitalWrite(trigPin, LOW);
delayMicroseconds(5);

// BignpaBnaemo imnynbc Ha TRIG (10us high pulse)
digitalWrite(trigPin, HIGH);
delayMicroseconds(15);

digitalWrite(trigPin, LOW);

// BUMipweMO TpuBanicCTb BUCOKOrO CUrHany Ha ECHO 3 TakmayTom
unsigned long timeout = (MAX_DISTANCE * 58) + 1000;
long duration = pulseIn(echoPin, HIGH, timeout);

// PO3paxyHOK BiACTaHi B CaHTUMeTpax
float distance_cm;
if (duration > @) {
distance_cm = duration / 58.0;
} else {
distance_cm = MAX_DISTANCE; // flkwo TaimayT - MOBEepTAaEMO MaKCUMajJbHYy BiAcTaHb

}

// 0bmMexyemMo MakcuMasbHy BiacTaHb
if (distance_cm > MAX_DISTANCE || distance_cm < 2) {
distance cm = MAX_DISTANCE;

}

return distance_cm;

}

// ®yHKuiAa gnAa BMMipoBaHHA BCix TpbOX AaT4ymkis

void measureAllDistances() {
// TNepepHin paTyumk
frontDistance = measureDistance(TRIGGER_PIN_FRONT, ECHO_PIN_FRONT);
delay(590);

// NiBuit paTymk
leftDistance = measureDistance(TRIGGER_PIN_LEFT, ECHO_PIN_LEFT);
delay(590);

// TpaBuin AaTynk
rightDistance = measureDistance(TRIGGER_PIN_RIGHT, ECHO_PIN_RIGHT);

Serial.printf("daTtyuku - Front: %.1f cm, Left: %.1f cm, Right: %.1f cm\n",
frontDistance, leftDistance, rightDistance);



// BipnpaBnaemo paHi ceHcopiB Ha ESP32-CAM
sendSensorDataToCAM();

}

// ®yHkuia gnAa BignpaBkM AaHuMX ceHcopiB Ha ESP32-CAM
void sendSensorDataToCAM() {
String sensorData = "SENSORS," + String(frontDistance, 1) + "," +
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String(leftDistance, 1) + "," + String(rightDistance, 1);

Seriall.println(sensorData);
Serial.println("BianpaBneHo Ha ESP32-CAM:

+ sensorData);

}

// OyHkuiAa ans obepTaHHA mMoTOpiB
void rotateMotor(int motorNumber, int motorDirection) {
if (motorDirection == FORWARD) {
digitalWrite(motorPins[motorNumber].pinIN1, HIGH);
digitalWrite(motorPins[motorNumber].pinIN2, LOW);
} else if (motorDirection == BACKWARD) {
digitalWrite(motorPins[motorNumber].pinIN1, LOW);
digitalWrite(motorPins[motorNumber].pinIN2, HIGH);
} else {
digitalWrite(motorPins[motorNumber].pinIN1, LOW);
digitalWrite(motorPins[motorNumber].pinIN2, LOW);

}

if (motorDirection != STOP) {
ledcWrite(motorPins[motorNumber].pwmSpeedChannel, currentSpeed);
} else {
ledcWrite(motorPins[motorNumber].pwmSpeedChannel, 0);

}
}

// OyHKUiA AnA KepyBaHHA CepBOMPUBOAAMU PYNLOBOFO KepyBaHHSA
void setSteeringPosition(int position) {
steeringServol.write(position);
steeringServo2.write(position);
Serial.print("BcTaHoBneHO no3uuiw kepywdux cepsonpuBoais: ");
Serial.println(position);

}

// 06pobka pyxy poboTa

void processRobotMovement(int inputValue) {
Serial.print("Komanga pyxy: ");
Serial.println(inputValue);

switch (inputValue) {

case UP:
Serial.println("Pyx Bnepesa");
rotateMotor (RIGHT _MOTOR, FORWARD);
rotateMotor (LEFT_MOTOR, FORWARD);
setSteeringPosition(90);
break;

case DOWN:
Serial.println("Pyx Hazag");
rotateMotor (RIGHT_MOTOR, BACKWARD);
rotateMotor(LEFT_MOTOR, BACKWARD);
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setSteeringPosition(90);
break;

case LEFT:
Serial.println("MoBopoT niBopyy");
rotateMotor (RIGHT _MOTOR, FORWARD);
rotateMotor(LEFT_MOTOR, STOP);
setSteeringPosition(45);
break;

case RIGHT:
Serial.println("MoBopoT npaBopy4");
rotateMotor(LEFT_MOTOR, FORWARD);
rotateMotor (RIGHT_MOTOR, STOP);
setSteeringPosition(135);
break;

case STOP:

default:
Serial.println("3ynuHka");
rotateMotor (RIGHT_MOTOR, STOP);
rotateMotor(LEFT_MOTOR, STOP);
setSteeringPosition(90);
break;

}
}

// HanawTyBaHHA pin-pexumiB
void setUpPinModes() {
Serial.println("HanawTtyBaHHA niHiB...");

// HanawTyBaHHA niHiB AnA ynbTpa3BYyKOBMX AaT4ukis
pinMode (TRIGGER_PIN_FRONT, OUTPUT);

pinMode (ECHO_PIN_FRONT, INPUT);

pinMode (TRIGGER_PIN_LEFT, OUTPUT);

pinMode (ECHO_PIN_LEFT, INPUT);

pinMode (TRIGGER_PIN_RIGHT, OUTPUT);

pinMode (ECHO_PIN_RIGHT, INPUT);

// NMoyaTkoBe HanawTyBaHHA TRIG niHiB
digitalWrite(TRIGGER_PIN_FRONT, LOW);
digitalWrite(TRIGGER_PIN_ LEFT, LOW);
digitalWrite(TRIGGER_PIN_RIGHT, LOW);

// HanawTyBaHHA cepBOABUIYHiB
panServo.attach(PAN_SERVO_PIN);
panServo.write(990);

tiltServo.attach(TILT_SERVO_PIN);
tiltServo.write(0);

steeringServol.attach(STEERING_SERVO1_PIN);
steeringServo2.attach(STEERING_SERVO2_PIN);
steeringServol.write(90);
steeringServo2.write(90);

// HanawTyBaHHA mMOTOpiB

for (int i = @; i < motorPins.size(); i++) {
pinMode(motorPins[i].pinIN1, OUTPUT);
pinMode(motorPins[i].pinIN2, OUTPUT);

ledcSetup(motorPins[i].pwmSpeedChannel, PWMFreq, PWMResolution);



ledcAttachPin(motorPins[i].pinEn, motorPins[i].pwmSpeedChannel);

rotateMotor(i, STOP);

}

Serial.println("HanawTyBaHHA 3aBepweHo!");

}

void setup() {
Serial.begin(115200);
Serial.println("\n=== IHiuyianizauis HapBogHoro poboTa ===
Seriall.begin(115200, SERIAL_8N1, 16, 17);

// HanawTyBaHHA pin-pexumiB
setUpPinModes();

// 3aTpumka gna ctabinisauyii
delay(1000);

// BWKOHY€EMO nepwi BuMipiBaHHA
measureAllDistances();

Serial.println("=== HagBogHuin poboT rotoBuin! ===");

}

void loop() {
// BuMipwBaHHA BiacTaHelh 4epes perynspHi iHTepBanu
unsigned long currentTime = millis();
if (currentTime - lastDistanceMeasurement > MEASUREMENT_INTERVAL) {
measureAllDistances();
lastDistanceMeasurement = currentTime;

}

// TepeBipka HaABHOCT1i BXxigHuMx AaHux Bip ESP32-CAM
if (Seriall.available()) {
String dataString = Seriall.readStringUntil('\n");
std::string myData = dataString.c_str();
std: :istringstream ss(myData);
std::string key, value;

std::getline(ss, key, ',');
std::getline(ss, value, ',');

Serial.printf("Bip ESP32-CAM: %s = %s\n", key.c_str(), value

int valueInt = atoi(value.c_str());

if (key == "MoveRobot") {

}

processRobotMovement (valueInt);

else if (key == "Speed") {

currentSpeed = valuelnt;
Serial.printf("lWBuakicTte: %d\n", currentSpeed);
else if (key == "Pan") {
panServo.write(valuelnt);

Serial.printf("Pan: %d\n", valuelnt);

else if (key == "Tilt") {
tiltServo.write(valuelnt);

Serial.printf("Tilt: %d\n", valuelnt);

")s

.c_str());

108



109

}

// MNepepaya komaHg 3 Serial Ha Seriall

if (Serial.available()) {
String command = Serial.readStringUntil('\n"');
command.trim();

Seriall.println(command);
Serial.println("KomaHga BianpaBneHa:

}

+ command);

}
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JTOJIATOK T

JleMoHCTpaliifH1i1 MaTepiai
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No )
o JlomaTkoBl
JIOKY- [To3naueHHs HaiimenyBanns . :
B1JIOMOCTI
MEHTa
TeKkCcTOBI JIOKYMEHTH
1 I'ftOUK.416616.026 113 ITosicHIOBaJIbHA 3aMMCKa A4, 84 c.
JlogaTKoBi MaTepiain
2 Anpobarris pe3yJbTaTiB A4, 4c.
poboTtu
3 [Tporpamuuit Ko Asis A4, 14 c.
ESP32-CAM
4 IIporpaMHuit KOI 1151 A4,6c.
ESP32 DevKit V1
5 JleMoHCTpamiiftHui1 MaTepia A4, 10 c.
y BUIJISIII IPE3EHTALll1
I'FONK.416616.026 B]I,
3MmiH. |ApK. Homep nokym. [Migmuc |[lara
Po3po6. |Korenko B. A. Po3po0iieHHsT MaKeTy HAJBOIHOTO Ulitepa | Apkym | Apkyuris
Ilepesip. |Bbponnikos A. 1. pobota st 360py Ta 06pobku namnx y | H 1 1
peaslbHOMY Yaci - KITAP
H.xontp. |/[emceka H. II. o . aq)g(ﬂgi,PE
3atB. Hesozos LI, Binomicts kBamidixaniiHoi poboTH




