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Abstract: In this article, main robotic solutions for mine detection and demining were reviewed
using such criterias, as approaches to detection and demining, types of utility tools and mechanical

N U R E parts. As result, the general view at types of mine detecting robots and distribution of their use case
amounts was gathered
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INTRODUCTION. According to [1], Ukraine is ranked second among the amount of injured by
(Bumyck 2) mine explosions. It occurred due to the huge stashes of anti-infantry devices Russian Federation
possess in combination with its eagerness to use them without regards to universal practices.
Furthermore, it is a common practice 1o see explosives even far from the places of main battles:
explosives can be placed in the toys and lefl on the streets of Ukrainian cities by infiltrates. As a
result, Ukrainians must put their time and efforts in lowering the risk of civilians to be exploded.

rocess of mine demolition consists of three steps [2]: detection, neutralization and
utilization. Usually, an expert is called 1o perform each step, however it is anyway dangerous to get
into the area with a trap for human: the most attentive can get canght. Moreover, mines can be placed
on vast distances, such as corners of crop field, or places inconvenient to reach, like dense forest. In
such cases, better to risk a carcass of a machine instead of human being

19 But what should the machine be like to perform its task the best? One way is to analyze the
existing alternatives to either spot the ways to improve them or find the inspiration for a new one.
TYPES OF EXPLOSIVES. To understand the requirements for demining robots, common

[Ey—]

explosives to be seen must be observed. According to figure 1, most widespread explosives are in
general metal, different in sizes: from aviation bombs to handheld grenades. The proportion between
hatp:/nure u/department/kafedra- hittp://itez.zntu.edu. i ekt kidu ed. ua size and explosive power also vary: the devastation from fragmentation mines is bigger in
komp-yutemo-integrovanih- comparison with a grenade of the close sizes,
"h""ll‘;f;‘“';;:mfm:::’“ - SENSING. Initially, landmine must be detected before the removal. This process can be done in
several ways, depending on the type of the explosive to locate and features of surrounding terrain,
The most common approaches are represented on figure 2.
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Demining systems like Bozena [3] are most common to be seen among the robotic solutions [4]
for demining services due to the efficiency of such machinery for demining vast open areas, such as
crop fields. Such machinery possess tillers and fails (figure 3a-b), which both used to intentionally
activate the mine, under the cover of hood. Despite their productivity, such robots cannot be used on
non-flat areas or one with number of obstacles, like trees or buildings. Also, such systems are
typically more expensive because of the required huge sizes and mass

On the other hand, robots with mine detectors and ground penetrating radars (GRPs) can be both
compact enough to pass in areas full of obstacles. Metal detector can find explosives with a help of
(clecto-)magnets, while GRPs send radio waves, that reflect only from the non-soil object, such as
landmine. While metal detectors are usually enough to detect most types of explosives, GRPs can
detect plastic one, which can be uscful sometimes. Unfortunately, both systems are prone to false
positive detections [5], which creates demand for alternative detection methods and advanced
classification algorithms

Figure 3 - Equipment of DOK-ING MV-4 demining system
a) — flail; b) - tiller; ¢) - scgmented roller; d) — dozer bladc; ¢) - rear shovel; f) - rear forklift;
2)— EOD arm; h) - rotational gripper (8]

According to [5], there are also other detection methods, however most of them are either analog
to the mentioned systems (nuclear quadrupole resonance systems send radio waves to detect

) specifically "*N nuclei, X-ray backscatter systems send X-ray waves instead of radio ones, acoustic
systems send out sound waves nstead of electromagnetic, etc) or too specific to use in general cases
(vapor scnsors detect the minc only if a vapor of explosives gets to the sensor).
. C . s Despite sensing the landmine itself, robot should also get the data for movement planning. To do
this, demining robots arc usually cquipped with cameras |5, 9] and LIDAR system.
y ACTUATION. As it was shown on figure 3, demining robots can have parts of actuation, which
arc uscd cither for L bascd op or arca activitics. 1If robot is dedicated to
< demining in addition to mine detection, then it is usually cquipped with flail or tiler for direct

‘ T S detonation (figure 3a-b) or manipulator (figure 3g) [10]
y Other actuators arc mainly used for terrain preparation: dozer blades are used for carth moving,
| " £ / rotational gripper ~ for obstacle removal, etc.

According to [11], most of demining robots are wheeled, cither with tracks or without them

Figure 1 - Most common cxplostves, scen on the territory of Ukraine (figure 4a)
a) — mortar shells; b) — artillery shells; ¢) — hand grenades; d) — cluster mumitions; ¢) — anti-tank
remote control mincs; f) - ballistic missiles; g) - shards of fragmentation grenades; h) - aircraft
missiles; 1) — anti-tank guided missiles; J) — jet missiles; k) — anti-personnel fragmentation mines; 1) —
anti-personnel landmines; m) - trap mines: n) - high explosive anti-tank mincs : 0) - aircraft bombs
6]

) &

Figure 4 - Some types of demining robot structures
a) - DOK-ING MV-2 [12]; b) - JACKAL by clearpath robotics [13]; ¢) COMET 1 [14]; d) -

Figure 2 — Main types of landmine detection [7]
8= ion; b) - ism; ¢) - i Gryphon [15]
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Some other types of robots exist, but they either have significant drawbacks, that do not allow for
them to be used on daily base (COMETs are huge and heavy). or just were not polished enough in
comparison with competitors.

CONCLUSION, In the scientific realm. there are of for mine and
disposal. however practically only some solutions are applied on a regular basis. Such robols are
usually track wheeled devices, cither of human height sizes, armed with direet detonation devices and
utility tools for landscape modlﬁtatlons or of compact dimensions, armed with mine detector like
magnetic one or GRP, and with pul for demining. Even though other structures
exist, they are implied seldom, if not only on the territory of the research field.

However, the first sappers were unlikely to imagine the ways their instruments would develop in
decades, and so we can not to imagine completely the demining devices of furure. Thus, new land
clearance solutions should be tried, notwithstanding the amount and types of solutions, widespread
nowadays.
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INTRODUCTION. Previously [1], the significance of modern demining robot development, as
well as demining solutions were mentioned. In short, due to violations of human rights, nowadays it
is common to find landmines or other explosives on certain areas. This issue is especially important
in Ukraine: country, that became the most mine-flooded in world due to russian military intervention.
As aresult, it is of great importance to clean up the landscape from explosives.

From the perspective of safety, robots are well suited for demining tasks: better to lose a machine
rather than human life. However, robotic solutions have their own disadvantages, such as hmited
mobility and huge sizes. In this way, it is still possible to develop a better alternative to existing
robotic solutions.

HARDWARE SELECTION, The main goal of robot is both move on a flat terrain and be
capable to detect the cxplosives, and so the hardware selection was the main priority during
development of new robot. In this way, the structure of robot was planned and developed according
1o figure 1.

The project does not involve sophisticated kinematics, like legged movement, precise allocation
and other, so instead of building the carcasses and choosing the electronic parts from scratch, existing
solution in a form of one of TSCINBUNY robots [2].

The schematic includes Arduino-like controller (figure 1.a), that can accept the 74V charge and
reallocate it to servos (figure 1.c) via a specific shield (figure 1.b). The movement controls are
transported via a Bluetooth module (figure 1.d), while the image from ESP-32CAM camera (figure
1.¢) 15 sent 1o the laptop via webpage. Even though camera is physically connected to the controller,
the only type of their ication is a set of’ for 1 hing the camera during the launch
of robot.
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SOFTWARE DEVELOPMENT. In this way, there are two subsystems to be programmed:
movement and object detection ones

T'o move the developed machine, an operator should have sent such a message to the Bluetooth
module, that would correspond 1o one of the movement instructions. Furthermore, it is not enough to
send only one message, This process is represented on figure 2: there, blue color represents the events
in physical world, red one represents instructions, acquired by robot (M for movement, S for stop,
Noth for nothing, when connection is lost), black cyclogram represents commands, executed by
robot.

It similar projects [3,4,5], usually the movement of robot changes during the touching button up
and down (figure 2.a). It is convenient for general projects because of simplicity in code, however it
does not suit military-related applications due to lack of noise protection [6,7].

a) ~ TSCINBUNY controller;
b) - McNamham wheel manipulator trolley shield:
€) - gear motors;
d) — HC-08 Bluetooth sensor;
¢) ESP32-CAM
Figure 1 - Connection schematics of the developed robot
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After getting the message via a virtual serial port, robot must process acquired instructions, which
is done a

74

MOVE -

sTOP

Figure 2 - Cyclograms for instruction execution for diffcrent robotic movement algorithms

1frobot does not get the touch-up instruction (“stop”), then it will keep moving. Moreover, such
behavior is unpreventable duc to impossibility to distinguish the *Noth” instruction from uscr
mactivity

Thus. it is more reliable to perform instructions according to figure 2.b, where certain instruction
is constantly sent on controller once in a particular time interim, Here, if no instructions get to the
controller, then timer can be launched to make robot stop after certain time.

According to algorithm mentioned above, an Android application was developed to send
instructions to controller (figure 3).

a) - layout; b) - code
Figure 3 — Android application for movement control
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At the same time, robot must also transmit the video to computer for object detection tasks. To do
ording to method, mentioned in [3]. Also, the movement stop after connection lost was it, a code from [8] was applied to transfer the image from ESP32-CAM to the local webpage. Then,

g o . PyCh: an T ; 8 /
considered. As a result, the code from figure 4 was uploaded into controller the code was processed in PyCharm, where the image is processed with a pretrained YOLOvVS model

Figure 4 — Controller code for movement of robot, page 1

Figure 4 - Controller code for movement of robot, page 2

«AUTOMATION AND DEVELOPMENT OF ELECTRONIC DEVICES»
ADED-2025 Part 1

To perform an object detection, a neural net must be trained and infused in a system [9,10]. This
involves preparing training, cross validation and test data, followed by training prosses itself and
ending up with passing the image through image detection application. The dataset of explosives was
taken from [11]. Then, model was trained in Google Collab according to [12]. Lastly, the video from
web page was extracted according to [3], processed and displayed (figure 5 and 6)

Figure 5 — Python code for processing and displaying image



Figure 6 — Results of detection

CONCLUSION. Even though neural network successfully detects most of explosives, there are a
lot of false negatives in the detections. Also, the developed robot lacks battery monitoring system and
chassis for dust protection, so there are still ways of developing the project.
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Tabmuua b.1 — Xapakrepuctuku kamep

JTONATOK B
XAPAKTEPUCTUKHU ATTAPATHUX MOJY.JIIB

76

Kamepa XapakTepucTuka
SIkicTe PozninbHa | Kyt orsiy | besnpoBinna nepenaua | [lina Bumoru no moaem
300pakeHHsI | 3AATHICTh JaHUX (32 HAsIBHOCTI) KOHTpOJEpa
Raspberry Pi Camera | 8 3280 x 62.2° Top.; — 1629 rpu | Raspberry Pi
Board (module 2) Merarmikcenms | 2464 48.8° BepT.;
Monayns ESP32- 2 meramikcem | 1600 x 66° Top.; Wi-Fi/Bluetooth 400 rpH —
CAM 1200
Arducam BO393 8 3280 x 65° rop.; — 1607 rpu | Raspberry Pi
MerarmikceniB | 2464 51° BepT.;
77.6° miar.;
M5Stack ESP32 0.3 2048 x 66.5° rop.; | Wi-Fi 1097 rpu —
Timer Camera X Mmeramnikcens | 1536
XIAO ESP32S3 0.3 1600 x 66.5° rop.; | Wi-Fi/Bluetooth 1690 rpn —
sense seed studio merarmikcenst | 1200




Tabmuig b.2 — XapakTepuCTHUKU €JIeKTPOIBUTYHIB

77

JIBuryH XapakTepUCTUKHU

nocTiiHOrO | KpyTHwMit Hanpyra | Ctpym [Buakicte | Hiamertp | [lepengaTtae uncino Maca (r) | Llina

CTPYMY MOMEHT JKUBJICHHS | )KUBJCHHS | (00epTiB/XB) | Bajy peaykTopa (3a HasiBHOCT1) (rpH)

GA12-N20 | 0,2 kr/cm 6B 0,1..0,16A | 22..30 3 MM — 10 167
38..50 147
76..100 149
145..200 149
220..300 149
380..500 163
440..600 155
760..1000 155

DGO1D 0,8 xr/cm 6B 0,18..0,5A | 140..230 5,5 MM 1:48 26 46

DC motop | 1,2 kr/cm 6B 0,05..0,6A |5800..11800 | 4 mm - 68 84

6B 162

RS133C- |0,0033 xr/cm | 3B 0,04..0,12A | 2930..4200 |2 mm — 32

10300-45




Tabauis b.3 — Xapakrepuctuku Bluetooth naruukis
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JlaTunk XapaKTepUCTUKHU
Bepcis nmporokoiny | Pagiyc [IBuaKICTH PoGoua yacrora | Hampyra Iina (rpH)
Bluetooth OXOIUICHHS | Tepeiayl TaHuX KUBJICHHS
HC-05 2.0 10 m 3 Mobirt/c 2402.2480 MI'u | 3,3 B 170
HC-06 2.0 10 m 3 Moirt/c 2400 MTI'ip 3,6..6B 160
HC-08 4.0 80 m 3 Moirt/c 2400 MTI'ip 3,3B 263
Tabmuus b.4 — XapakTepuCTHKU CEPBOJIBUTYHIB
CepBoaBUTYH Kpytnuit | Hanpyra | llIBunkictes | Maca [ina
MOMEHT | )KHMBJICHHS | (ceKyHa/60°) | (T) (rpH)
(xr/lem) | (B)
MG90S V2 2,0.24 148.6 0,08..0,1 12 94
SG90 2 3,5.5 0,12 9 79
EMAX ESO8AIl [1,5.1,8 |4,8..6,0 0,1..0,12 8.5 296
DS3218MG 18..21 4,8..6,8 0,14..0,16 68 628




Ta6mug b.5 — XapakrepucTuku miat po3poOku
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[1nara po3poOku XapaKTepucTUKu
Mikpo- Hanpyra | Bxomu/Buxoau Onem-nam'aTh OneparuBHa | TaktoBa
KOHTpOJIEp | AKUBIICHHS nporpam am'siTb 4acToTa
Arduino UNO R3 | ATmega328 | 5B [Mudposi: 14 (3 uux 6 HIIM) | 32 K6 2 Ko 16 MI'y
AHanorosi Bxoau: 6
Arduino UNO R4 | Renesas 5B [Mudposi: 14 (3 Hux 6 IIIIM) | 256 K6 32 K6 48 MI'ny
Minima RA4AM1 Amnanorosi Bxoau: 6
Arduino Mega ATmega256 | 5B [Mudposi: 54 (3 vux 17 LIIM) | 256 K6 8 K6 16 MI'ng
2560 R3 (CH340) | 0 AmHajorosi Bxoau: 16




JTONATOK B
MOPIBHSIHHS MO/IEJIEN HEMPOHHUX MEPEK

Tabmuis B.1 — IopiBHSHHS MOJenei HEHPOHHUX MEPEX
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Mopens Mepexi

XapakTepuCTUKH

PeanpHoro | mAPsg g9 [Tosichennst | HasBHicTh maketry ans | JlineHsis Po3mip mogeni
qacy? (COCO) CTPYKTYpPH | PO3TOPTaHHS MOJIEINI (Mo)
1 2 3 4 5 6 7

YOLOvS Tax 37.3—-53.9 | Hi Tax AGPL-3.0 3.2-68.2
YOLOv7 Tax 51.4-56.8 | Tax Hi GPL-3.0 36.9 —-151.7
YOLOV6 Taxk 37.5-57.2 | Tak Hi GPL-3.0 4.7-1404
RMDet Taxk 41.0-52.8 | Tak Taxk Apache 2.0 [4.8-94.9
RT-DETR Tax 46.5-54.8 | Tax Tax Apache 2.0 |20.0-67.0
DETA Hi 63.5 Taxk Taxk Apache 2.0 |47
GroundingDINO Tax 52.5 Tax Tax Apache 2.0 |172
Detectron?2 Hi 44 Tax Tax Apache 2.0 | 200
EfficientDet Taxk 52 Taxk Taxk Apache 2.0 |17-50




[Tponoxenns Tabmui B.1
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1 6
Single Shot Multibox Taxk 43 Taxk Taxk Apache 2.0 | 100
detector
Faster R-CNN Hi 42 Tak Tak MIT 200




JTONATOK I
JICTUHT IMPOTPAMHY KEPYBAHHS PYXOM MOBLILHOT'O POBOTA

BlustoothClient1 - | IsConnected - |
- P BluetoothClient] -

(NP Cicbal command
set BackgroundColor * ]
-

= WMl shel7 r M BackgroundColor + K0

¥dNl230

when AfterPicking
TR ListPickert + W Selection - R ) EluctoothClient] » Rec ]

address.

J
E=4 BiuetoothClient1 A DisconnectOnError + M
-

when [GEAFTEET LR -TouchUp LUl Servo_pis45 But - JRTH
when [GEELICFEIE TouchDown - P —= )
do - = o | 3"
" global command ¢ L) | ==t FESEINETES to \ =
Available devices = o —— e T
when [FETETTEETNE TouchDown o, 1R -TouchUp " == O
_ . = Q- == global command - LR M B
CEST obal command - [ RNG ' B <[5 global command - [N e =
-
p— o when [ECICTTTRN -TouchUp I Serve_minas_sut - P
Connection status T o TR L B obobat commane - [PUNEISRN  ONE T ova commana - FRNGILE
—

Sending command

Battery charge when TouchUp

—
-SHE=1 global command - N5 | "] global command - | = - M3 N

_TouchDown

=W Bot_Lef_Button -

"0 BT giobal command - [N 7 |8
—

L8 | abel5 * Text + |§i) |l Fe ight |
when (Eon o0 TouchDown N Forward_Button -+ fari=i0) = Labels - | orwRig
LY olobal command + i) ‘8- da :et global command = f5

N

then
-

when [ —

N ooai commer - FAMCR (A aobacommand - ] 2
- then | <ot (ETTEED D b (-

when TouchDown when [EEE =T -0 -TouchUp n

dﬂ:elln ‘a8 do :et global command « [ 5

then

N Rot_Right_Button + LT e ] L. Rot Right Button - SEEE, 20 elseif - [ gobal commana - [= - ]
do ‘8- LHE] alobal command - [N 5 I
Mgl i) command - L — ihen et [ETTEED . 5T ©o | - IEEOEE) -
S

SN Forw_Right_Button - Il el bl Forw_Right Bution * RESC Y else if [ gioal commana el O
B gobal command © LRNRL R L giobal command - LNl 5 BN e - W e - O Bk
s -
elseif | - -
L8 Right Button - | 1 global command - J{ = - |
when GELEETET RS TouchDown [WETTLIEN -TouchUp | o
o -a- -
LN olobal command - [N 6 g giobal command - el 5] then  set o
1

("=l Bot_Right Button ~ JRETLLIT else :el [Label5 - M Text - NN Error i
L.

=¥ Bot_Right_Button + JRry )
_L0 1 global command - [ o B
L= 8

a) 0)

a) Maket iHTepdeicy kopructyBada; 06) KoJ poOOTH JOIATKY

- {gbai commana - |3
L=

Pucynok I'.1 — Kog MoOUIBHOTO 10/1aTKy MaHEl KepyBaHHSI MOOUIHLHOTO poOOTa



HNPOI'PAMMU KEPYBAHHSA PYXOM MOBIVIBHOI'O POBOTA

#include<SoftwareSerial.h>

LeftupBack
LeftUpForw
LeftDownForw
LeftDownBack
RightDownBack
RightDownForw
RightUpForw
RightupBack

Forward
Backward
Turn_Left
Turn_Right
Top Left
Bottom Left
Top Right
Bottom Right
Stop
Contrarotate
Clockwise

Pucynox /1.1 — IIporpama kepyBaHHsS pyXoM MOOUJIBHOTO po0OoTa, apkymr 1

F=N - = NI ¥ )

LeftupForw |
LeftupBack |
LeftUpBack |
LeftupForw |
LeftDownForw
LeftUpBack |
LeftUpForw |
LeftDownBack

= 8

LeftUpBack |
LeftupForw |

JOIJATOK I JICTUHI'

LeftDownForw

LeftDownBack |
LeftDownForw |
LeftDownBack |
| RiphtupForw;
RightDownBack;
RightDownForw;
| RightupBack;

LeftDownBack |
LeftDownForw

RightDownForw |RightUpForw;
RightDownBack | RightupBack;
RightUpForw | RightDownBack;
RightupBack | RightDownForw;

RightDownForw | RightUpForw;
RightDownBack | RightupBack;
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SoftwareSerial bluet com(12, 13);

contr_letter = A

currentmillis;
previousmillis;
Servo servo;

setup()

bluet com.begin(96@0);
pinMode(SHCP PIN, OUTPUT);
pinMode(EN_PIN, OUTPUT);
pinMode(DATA PIN, OUTPUT);
pinMode(STCP_PIN, OUTPUT);
pinMode(PWM1 PIN, OUTPUT);
pinMode(PWM2_PIN, OUTPUT);
servo.attach(11);

loop()

currentmillis = millis();
if(bluet com.available())

{

contr letter = bluet com.read();
previousmillis = currentmillis;

if(contr letter=="2") {
Motor(Forward, 250);

b

else if(contr_ letter == "8"){
Motor(Backward, 250);

}

Pucynok 1.1, apkymu 2




> if(contr_letter == "4"){
Motor(Turn_Left, 258);

lse if(contr letter == "6'){
Motor(Turn Right, 250);

if(contr letter = "1'){
or(Top_Left, 250);

if(contr_letter = "3'){
Motor(Top Right, 250);

= 1f(contr_letter == "7"){
r(Bottom Left , 250);

= if(contr_letter == "9'){
or(Bottom Right, 250);

if(contr_letter == "E'){
otor(Clockwise, 25@);

if(contr_letter == "Q'){
Motor(Contrarotate, 250);

= if(contr_letter == '5'){
r(Stop, 250);

lse if(contr letter == 'L'){
write(45);

e if(contr letter == "M"){
wri 1) ;

Pucynok /I.1, apkym 3
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= if(contr_letter == 'R"){
rite(135);

if ((currentmillis-previousmillis)>1@
Motor{Stop, 250);

1

J

Dir, Speed)

digitalwrite(EN PIN, LOW);
anal (PWM1_PIN, Speed);
analoglWirite(PWM2 PIN, Speed);

digitalWrite(STCP_PIN, LOW);

shiftout(DATA PIN, SHCP PIN, MSBFIRST, Dir);

digitalWrite(STCP_PIN, HIGH);

Pucynox /1.1, apkym 4
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JTONATOK E
JICTUHT ITPOTPAMH NMEPEJAUI 30BPAKEHHS 3 KAMEPH /10 BEB-CEPBEPA

* WIFI SSID = "TyT MoBWHHe ByTu im'A Bawol me
* WIFI_PASS = "TyT noBuHeH byTw naponb Bip ™

WebServer (80);

loRes = esp32cam: :Resolution::fin
midRes = esp32ca esolutiol
hiRes = esp32cam::Resolution::

0]

frame = esp32cam::capture();
if (frame nullptr) {
Serial.println("CAPTURE FAIL");
nd(5e3, "", "");
retu

1

J

Serial.printf("CAPTURE OK n", f twidth(), frame->getHeight(),
static cast<

.5en
WiFiclient client = s
fra iriteTo(client);

handlelpglLo()

{
if (lesp32cam::Camera.cha esolution(loRes)) {
Serial.println("SET-LO-RES FAIL");

1
J

)
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handlelpgHi()

if (lesp32cam::Camera.cha solution(hiRes)) {
Serial.println("SET-HI-RES FAIL");

s

handleJpgMmid()

if (lesp32cam::Camera.changeResolution(midRes)) {
Serial.println("SET-MID-RES FAIL");

esp32cam;
Config cfg;
cfg.setPins(pins: :AiThinker);
esolution(hiRes);

ok = Camera.
Serial.println(ok ? "CAMERA OK" : "CAMERA
1
J

WiFi.persistent(false);

WiFi. WIFI _STA);

WiFi.begin(WIFI_SSID, WIFI_PASS);

while (WiFi.status() != WL CONNECTED) {
delay(5@

1
T

Pucynok E.1, apkym 2



calIP());

al.println(™ /cam-lo.jpg");
ial.println(" /cam-hi.jpg");
Serial.println(™ /cam-mid.jpg");

on{"/cam-lo.jpg", handlelpglo);
er.on{"/cam-hi.jpg", handlelpgHi);
on{"/cam-mid. jpg”, handlelpgMid);

loop()

.handleClient();

Pucynok E.1, apkym 3
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JTOJTATOK K
JICTUHT MIPOTPAMHY OBPOBKH IMMOTOKY BIJIEO HEMPOHHOIO MEPEKEIO

import cv2

import urllib.request

import numpy as np

from ultralytics import YOLO

url = ttp: - 1pc
cv2.namedWindow( 1i s sting", cv2.WINDOW_AUTOSIZE)

cap = cv2.VideoCapture(url)

if not cap.isOpened():

("Failed t
0

model = YOLO(

threshold =

Pucynox XK.1 — ITporpama o6poOku 300pakeHHs] HEHPOHHOIO MEpeXketo, apKyl 1



while T
img_resp = urllib.request.urlopen(url)
imgnp = np.array( (img_resp.read()), =np.uint8)
im .imdecode(imgnp, -1)

results = model(im)[0]

for result in results.bo
x1, y1,

if score > threshold:
rect

destroyAllWindows ()

Pucynok XK.1, apkymr 2
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TOJATOK M
JICTHHT IPOTPAMHY TECTYBAHHSI MOJIEJI HA 30BPAKEHHAX PI3HOI SICKPABOCTI

port cv2
numpy as np
t matplotlib.pyplot as plt
ultralytics import YOLO

a(channel, gamma):
channel = channel /
corrected = np.power( channel, gamma)
n np.uint8(corrected * )

the_im(image):

results = model(image)[0]

confidences = []

For result in results.boxes.data.tolist():
x1, y1, x2, y2, score, class_id = result
confidences.append(score)
if score > threshold:
cv2.rectangle(image, ( (x1), int(y1)), ( (x2), int(y2)), (
cv2.putText(image, f'{results.names[int(class_id)]}, {score:.2f}
cv2.FONT_HERSHEY_SIMPLEX, ; (o, 5 B);

eturn image, confidences

model = YOLO(
threshold =

img = cv2.imread( I ]
img_hsv = cv2.cvtColor(img, cv2.COLOR_BGR2HSV)

fig, axes = plt.subplots(
axes = axes.flatten()

Pucynox 1.1 — [Iporpamu TecTyBaHHS MOJIEII HA 300paKEHHAX PI3HOI SICKPABOCTI, apKy1I 1
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onfidences = []

original_confidences = neuralnet_the_im(im opy())
nf = np.mean(original_confidences) if original_confidences
confidences.append(org onf)

[0].imshow( Color(img_with_bo
[0].set_title(
[ )

= img_h copy()

* (1 + 1)

'

gamma

BENE
buf_img_

buf_img_corrected =

lt_img, c neuralnet_the_im(buf_img_corrected)
conf = np.mean(confidenc if confidence
confidences.append j_conf)

].imshow(result_img)
t_title(f"Tamma {gam

Pucynok U.1, apkym 2
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plt.tight_layout()
plt.show()

plt.figure(
plt.plot(

plt.xLlabel(
plt.ylabel(

plt.grid(True)

plt.show()

Pucynok U.1, apkym 3



JTOJIATOK K
JTEMOHCTPAIIMHAN MATEPIAJI
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No )
. JlomaTtkoBl
JIOKY- [To3naueHHs HaiimenyBanns . .
B1JJOMOCTI
MEHTA
TeKkcToBl JOKYMEHTH
1 INOMK . XXXXXX.022 I13 | [losicHIOBaJIbHA 3aITHCKa A4, 71c.
JloaTkoB1 MaTepiaan
2 JleMoHCTpaniifHuii matepiany | A4, c.
BUTJISI/II TIPE3EHTAITl]
INOUK. XXXXXX.022 BJI
3MiH. |ApK. Howmep noxym. Mipmue | Jara
Po3po6. | Kapnenko A.C Po3pobrnennst makera Ulitepa | Apkyur | Apkyuis
ITepesip. |Enceen B.B. MOOUTBHOTO poboTa 3 H 1 1
CHUCTEMOIO KOMIT FOTEPHOTO
. P Kadenpa KITAP
H.xontp. Jlemcpka H.IL 30py AJIA pO3M13HABAHHSA
. XHYPE
3ats. Hegmnrozos LIII. BUOYXOHEOE3MEUHUX MTPEIMETIB




