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The paper considers the current issue of computer vision systems. An analysis of existing methods
of object recognition 15 conducted. The use of computer vision 15 due (o a number of reasons:
increasing the efficiency of object search for mobile robots and quadcopters, flexibility of robotic
systems and their automation.
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B pofori poarasHyTe akTyaikHe NHTAHHA cHcTeM Kowmn'wrepHoro 3opy. [TporeieHo anan:
ICHYIOMHX MeTOIIE polnizHoBaHHS 00'ckTis. BHEOpHCTaHHS EoMI'HOTepHOTo 3opy oDYMORIEHO
PHEAOM [PHYHH: MABHOCHHS  cfekTHRBHOCTT Molyky ob'ckTie Qns  smobuesnx  poboTie Ta
KBANPaKONTEPiE, MIYUKICTE poSOTHS0BIHNY CHETEM Ta TX aFTOMATHHLIA.

Kaiwqosi cioBa: EoMI'WOTepHHI 3P, KBalpakonTep, Oe3NiloTHI cHeTemH, podoToloBaHI
cHETEMH

BRELEVANCE OF THE WORK. Unmanned systems, especially quadcopters, are now gaining
popularity, they have a lot of advanages, such as cheapness, speed, easy control. The use of
computer vision greatly facilitates the operator's work, performing the work of searching for the
necessary targets for him, whether it 15 a rescoe operation or reconnaissance in difficult conditions.
Improving computer vision systems will allow robotic systems o find the necessary objects fster
and more efficiently, which will also improve the speed of response during autonomous operation.

INTRODUCTION. For more effective use of computer vision, it i8 necessary o analyze existing
systems and the tasks they can perform. The main tasks performed:

- Object recognition

- Tracking of one object

- Recogmition of gestures, facial features, facial expressions, ete.

= Orientation in the area

- Search and fixation of photos under given conditions

MATERIAL AND RESEARCH RESULTS. Modern computer vision technologies offer a wide
range of solutions - from simple algorithms to complex systems with artificial intelligence. In most
cases, the choice of algorithm depends on the specific goal. For example, the simplest computer
vision algorithm is sotpy. This simple algorithm is used to capture and track an object. It can be used
in enterprises o automate control processes, track quadcopters, video surveillance systems, track the
movement of objects in real ime, ete. The simplicity of implementing such algorithms allows them to
be quickly integrated into practical projects, reducing development and implementation costs.

More complex algonthms can recognize human faces using the method of geometric shapes. In
this approach, the face is conventionally divided into a set of key elements that form certain
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geometric structures. The algorithm analyzes the mutual arrangement of these elements - eyes, nose,
mouth, jaw lines, etc. - and creates a unique "map” of the face. This map is then compared with
previously stored samples in a database, allowing for accurate identification of the individual.

This technology has wide applications in the field of security and data protection. It can be used,
for example, to control access to devices or premises where personal identification is important. The
face can also act as an additional or even primary key for authentication, providing ease of use while
at the same time providing a high level of protection for personal information

Sophisticated computer vision systems also use neural networks to increase efficiency and perform
more complex tasks, such as recognizing various objects. Unhke simple algornithms that can only
track movement or determine basic shapes, neural networks allow for much deeper analysis of visual
information. They are able to learn from large amounts of data, recognize subtle differences between
objects, adapt to changes in the environment, and take into account the context in which the object is
located. However, the development and implementation of neural networks require significant
computing resources and training time, but the result often justifies the costs.

These technologies open up new opportunities for automation, analytics, and interaction of
systems with the environment, significantly expanding the boundaries of what can be achieved with
the help of computer vision.

As an example of using a neural network, let's take the MobileNetV2 model. This is one of the
effective and at the same time lightweight deep learming models, which was specially designed to
work on devices with limited resources. Due to the optimized structure, MobileNetV2 demonstrates
high image processing speed while maintaining a sufficient level of accuracy, which makes it ideal
for use in mobile applications, embedded systems, and Internet of Things devices.

The model i1s capable of recognizing multiple objects simultaneously in real time, which
significantly expands the scope of its possible use. It not only allows you to detect and classify
objects, but also works effectively in conditions of changing highting, different viewing angles, and
dynamic scenes(Fig.1.1)

.l Ve - o ){‘

Figure 1.1 — MobileNetV2 example

CONCLUSIONS. The introduction of more powerful computer vision systems opens up many
opportunities for future robotics, significantly improving our lives. The use of these systems will help
70
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optimize production at the enterprise, improve accuracy and speed. It is also worth noting that
computer vision systems can greatly facilitate rescue operations, finding victims even in difficult
weather conditions
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JTONATOK B

Koa nporpamm ajis1i oTpuMaHHsA Ta 00po0KH 300pasKeHHS

import cv2

import numpy as np
import tensorflow as tf
import urllib.request

# 3aBanTakeHHa Mozeni MobileNetV2 s po3mizHaBaHHs 00'€KTIB
model = tf.saved_model.load(r"C:\Users\User\Desktop\niriom\moaens
Herponki\ssd-mobilenet-v2\1")

# Crmcok KjaciB 00'eKTIB

class_names = [

' _background__', 'person’, 'bicycle’, ‘car', 'motorcycle’, ‘airplane’, 'bus’,
‘train’, 'truck’, 'boat’, 'traffic light', 'fire hydrant', 'N/A', 'stop sign’,
'parking meter', 'bench’, 'bird’, ‘cat’, 'dog’, 'horse’, 'sheep’, ‘cow’,
‘elephant’, 'bear’, 'zebra’, 'giraffe’, 'N/A', 'backpack’, 'umbrella’, 'N/A’", 'N/A',
‘handbag’, 'tie', 'suitcase’, ‘frisbee’, 'skis', 'snowboard', 'sports ball’,

'kite', 'baseball bat', ‘baseball glove', 'skateboard', 'surfboard’, ‘tennis racket',
‘bottle’, 'N/A', ‘wine glass', ‘cup’, 'fork’, 'knife’, 'spoon’, 'bowl’,
‘banana’, ‘apple’, 'sandwich’, ‘orange’, '‘broccoli’, ‘carrot’, 'hot dog', 'pizza’,
‘donut’, ‘cake’, ‘chair’, ‘couch’, ‘potted plant’, 'bed’, 'N/A', 'dining table’,
'N/A', 'N/A', 'toilet’, 'N/A', 'tv', 'laptop’, ‘mouse’, 'remote’, 'keyboard', ‘cell
phone',
'microwave’, ‘oven’, 'toaster’, 'sink’, 'refrigerator’, 'N/A', 'book’,
‘clock’, 'vase', 'scissors', ‘teddy bear', 'hair drier’, ‘toothbrush’
]
# OyHKIis A1 po3mi3HaBaHHS 00'€KTIB HA 300paKeHH1
def detect_objects(image):

input_tensor = tf.convert_to_tensor(image, dtype=tf.uint8)

input_tensor = input_tensor[tf.newaxis, ...]

detections = model.signatures['serving_default’](input_tensor)

return detections

url = 'http://192.168.43.117/cam-hi.jpg'
detection_start =0

while True:
cv2.namedWindow("live transmission", cv2.WINDOW_AUTOSIZE)
while True:
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img_resp = urllib.request.urlopen(url)

imgnp = np.array(bytearray(img_resp.read()), dtype=np.uint8)
im = cv2.imdecode(imgnp, -1)

key = cv2.waitKey(5)
if key == ord('q’):
break
if key == 32:
if detection_start == 0:
detection_start =1
else:
detection_start =0

if detection_start == 1:
detections = detect_objects(im)
# O0poOKa pe3ysIbTaTiB pO3Mi3HABAHHS
num_detections = int(detections['num_detections'][0])
detection_classes =
detections['detection_classes'][0].numpy().astype(np.int64)
detection_boxes = detections['detection_boxes][0].numpy()
detection_scores = detections['detection_scores'][0].numpy()
# BuBeneHHs pe3yIbTaTiB Ha KaJip
for i in range(num_detections):
if detection_scores[i] > 0.5:
box = detection_boxes[i]
yl, x1, y2, x2 = box
yl, x1,y2, x2 = int(yl * im.shape[0]), int(x1 * im.shape[1]), int(y2 *
im.shape[0]), int(x2 * im.shape[1])
# OTpuMaTH Ha3By KJIACy
class_id = detection_classes[i]
class_name = class_names|class_id] if class_id < len(class_names) else
‘Unknown'’
# BuBeneHHs pe3ysbTaTiB Ha KaJp
cv2.rectangle(im, (x1, y1), (x2,y2), (0, 0, 0), 2)
label = f*{class_name}: {detection_scores[i]*100:.2f}%"
cv2.putText(im, label, (x1, y1 - 10), cv2.FONT_HERSHEY_SIMPLEX,
0.9, (0,0,0),2)
cv2.imshow('live transmission’, im)
if cv2.waitKey(1) & OxXFF == 27:
break
cap.release()
cv2.destroyAllWindows()
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JTOJATOK B
Konx nporpamu ais ESP32-CAM

#include <WebServer.h>
#include <WiFi.h>

#include <esp32cam.h>

const char* WIFI_SSID = "www";

const char* WIFI_PASS = "www777www";

WebServer server(80);

static auto loRes = esp32cam::Resolution::find(320, 240);
static auto midRes = esp32cam::Resolution::find(350, 530);
static auto hiRes = esp32cam::Resolution::find(800, 600);
void serveJpg()
{
auto frame = esp32cam::capture();
if (frame == nullptr) {
Serial.printin("CAPTURE FAIL");
server.send(503, ", "");
return;

}

Serial.printf("CAPTURE OK %dx%d %db\n", frame->getWidth(), frame-
>getHeight(),

static_cast<int>(frame->size()));

server.setContentLength(frame->size());

server.send(200, "image/jpeg™);



WiFiClient client = server.client();

frame->writeTo(client);

}

void handleJpgLo()
{

if ('esp32cam::Camera.changeResolution(loRes)) {
Serial.printin("SET-LO-RES FAIL");

b
servelJpg();

}

void handleJpgHi()
{

if ('esp32cam::Camera.changeResolution(hiRes)) {
Serial.printin("SET-HI-RES FAIL");

b
servelpg();

}

void handleJpgMid()
{

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

}
servelpg();

}

void setup(){
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Serial.begin(115200);

Serial.printin();

{
using namespace esp32cam;
Config cfg;
cfg.setPins(pins::AiThinker);
cfg.setResolution(hiRes);
cfg.setBufferCount(2);
cfg.setJpeg(80);

bool ok = Camera.begin(cfg);
Serial.printin(ok ? "CAMERA OK" : "CAMERA FAIL");
by
WiFi.persistent(false);
WiFi.mode(WIFI_STA);
WiFi.begin(WIFI_SSID, WIFI_PASS);
while (WiFi.status() '= WL_CONNECTED) {
delay(500);
b
Serial.print("http://");
Serial.printin(WiFi.localIP());
Serial.printin(" /cam-lo.jpg");
Serial.printin(" /cam-hi.jpg");
Serial.printIn(" /cam-mid.jpg");

server.on("/cam-lo.jpg", handleJpgLo);
server.on("/cam-hi.jpg", handleJpgHi);

server.on("/cam-mid.jpg", handleJpgMid);

server.begin();
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void loop()
{

server.handleClient();

}

64



JTONATOK T
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