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viev_system.py

# Import necessary libraries

import os

import time

import cv2

import threading

import queue

from bin.image_processing.image_drawing import DrawFunctions

from bin.image_processing.tracker_functions import tracking_process, distance_calculator
from bin.image_processing.image_functions import zoom

from bin.config_parser import parse_config

#from bin.communications.nrf24_communication import main_comm_loop

from bin.flightcontroller_utils.SITL_drone_control import drone_auto_control_thread
from bin.image_processing.neural_detection import detect_objects, load_model, load_labels, preprocess_image

# Parse configuration
parse_config()

# Initialize variables
object_lost = False
video_file = ".\\test. mp4"
cap = cv2.VideoCapture(video_file)
object_image_size = 40
cursor_x, cursor_y = -1, -1
tracking = False

bbox = None

ml_detection = False
start_flight = False
stop_flight = False
zoom_factor = 1.0
old_results = {}
real_object_width =6
fps_limiter = 15
tracking_ok = False

# Initialize queues

img_buffer = queue.Queue()
ml_results = queue.Queue()
drone_control_queue = queue.Queue()
return_drone_info = queue.Queue()
input_comm_queue = queue.Queue()
output_comm_queue = queue.Queue()

# Load labels and model for neural detection

labels = load_labels()

model_path = "Tensorflow/workspace/models/my_ssd_mobnet/export/saved_model/'
model = load_model(model_path)

# Function for ML detection process
def ml_detection_process():
while True:
time.sleep(0.025)
if img_buffer.empty():
continue
else:




93

ml_frame, screen_size = img_buffer.get()
img = preprocess_image(ml_frame)

res = detect_objects(model, img, 0.6)
results_dict = {}

for idx, result in enumerate(res):
ymin, xmin, ymax, xmax = result['bounding_box']
xmin = int(max(1, xmin * screen_size[1]))
xmax = int(min(screen_size[1], xmax * screen_size[1]))
ymin = int(max(1, ymin * screen_size[0]))
ymax = int(min(screen_size[0], ymax * screen_size[0]))

label = labels[result['class_idT]

key = f'{label} {idx}

results = [ymin, xmin, ymax, xmax]

results_dict[key] = results
ml_results.put(results_dict)

# Function for drone control thread
def drone_thread():
drone_auto_control_thread(drone_control_queue, return_drone_info)

# Function for communication thread
# def communication_thread():
# main_comm_loop(input_comm_queue, output_comm_queue)

# Mouse callback function
def mouse_callback(event, x, vy, flags, param):
global cursor_x, cursor_y, tracking, bbox
cv2.rectangle(frame, (
X - int(object_image_size/ 2), y - int(object_image_size / 2), object_image_size, object_image_size),
(0, 255, 0), 2)
if event == cv2.EVENT_LBUTTONDOWN:
CUrsor_X, Cursor_y = x, y
bbox = (x - int(object_image_size / 2), y - int(object_image_size / 2), object_image_size, object_image_size)
tracking = True
print("Start Tracking")

# Create a window for object tracking and set mouse callback
cv2.namedWindow('Object Tracking")
cv2.setMouseCallback('Object Tracking', mouse_callback)

# Start threads for ML detection, drone control, and communication
t_ml_detection = threading.Thread(target=ml_detection_process)
t_drone_control = threading. Thread(target=drone_thread)
#t_communications = threading. Thread(target=communication_thread())
t_ml_detection.start()

t_drone_control.start()

# t_communications.start()

# Main loop

while True:
timer = cv2.getTickCount()
ret, frame = cap.read()
screen_size = frame.shape
original_frame = frame.copy()

if not ret:
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break

# Process tracking and key events
frame, bbox1, tracking, object_lost, tracking_ok, target_center = tracking_process(frame, tracking, tracking_ok,
bbox, object_lost)

if os.getenv("NRF_ON"):
key_quit = cv2.waitKey(fps_limiter)
input_comm_queue.put("Debug_Info")
key = output_comm_queue.get()

else:
key = cv2.waitKey(fps_limiter)
key_quit = cv2.waitKey(fps_limiter)

zoom_point = target_center

# Handle key events
if key == ord('w"):

zoom_factor = zoom_factor + 0.1 if zoom_factor < 5.0 else zoom_factor
elif key == ord('s"):

zoom_factor = zoom_factor - 0.1 if zoom_factor > 1.0 else zoom_factor
elif key == ord('q"):

object_image_size = object_image_size + 10 if object_image_size < 100 else object_image_size
elif key == ord('a’):

object_image_size = object_image_size - 10 if object_image_size > 10 else object_image_size
elif key == ord('y):

ml_detection = True
elif key == ord('c"):

tracking = False

tracking_ok = False
elif key == ord('t):

ml_detection = False
elif key == ord('g"):

start_flight = True

stop_flight = False
elif key == ord('h"):

stop_flight = True

# Process ML results and draw on frame
if ml_results.empty():
img_buffer.put([original_frame, screen_size])

if ml_detection:
if not ml_results.empty():
results_dict = ml_results.get()
old_results = results_dict.copy()
for key, results in old_results.items():
ymin, xmin, ymax, xmax = results
cv2.rectangle(frame, (xmin, ymin), (xmax, ymax), (0, 255, 0), 3)
cv2.putText(frame, key, (xmin, min(ymax, screen_size[0] - 20)),
cv2.FONT_HERSHEY_COMPLEX, 0.5, (255, 255, 255), 2, cv2.LINE_AA)
old_results = old_results.copy()

# Draw additional elements on the frame

frame = DrawFunctions(frame).draw_aim()

frame = zoom(frame, zoom_factor, zoom_point)

frame, target_distance = distance_calculator(frame, bbox1, real_object_width)

# Send control commands to the drone
if start_flight and tracking_ok:
if not return_drone_info.empty():
stop_flight = return_drone_info.get()
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else:
drone_control_queue.put([target_center, screen_size, start_flight, stop_flight, target_distance])
frame = DrawFunctions(frame).draw_control_keys()
frame = DrawFunctions(frame).debug_info(cursor_x, cursor_y)

# Display the frame
cv2.imshow('Object Tracking', frame)

if key_quit == ord(]):
break

# Release video capture and close windows
cap.release()
cv2.destroyAllWindows()

constants.py

class CameraConstants:
def __init__(self, camera_choice="MAIN_CAMERA):
self.camera_choice = camera_choice

@property
def focal_length(self):
if self.camera_choice =='0V2640".
return 0.00215
elif self.camera_choice =="'0V2710"
return 0.00369
elif self.camera_choice =="'ISOCELL_GW3"
return 0.025

@property
def matrix_y(self):
if self.camera_choice == '0OV2640".
return 3.59
elif self.camera_choice =="'0V2710"
return 5.85
elif self.camera_choice =="'ISOCELL_GW3"
return 6.5

@property
def matrix_x(self):
if self.camera_choice == '0V2640"
return 2.68
elif self.camera_choice =="'0V2710"
return 3.27
elif self.camera_choice == 'ISOCELL_GW3"
return 4.86

@property
def image_size(self):
if self.camera_choice == '0OV2640"
return [800, 600]
elif self.camera_choice =="'0V2710"
return [1920, 1080]
elif self.camera_choice == 'ISOCELL_GW3"
return [1920, 1080]

@property
def fov(self):
if self.camera_choice == 'OV2640"
return 66
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elif self.camera_choice == '0V2710"
return 120

elif self.camera_choice =="'ISOCELL_GW3"
return 100

config.ini

[CAMERA]
#MAIN_CAMERA=0V2640
#MAIN_CAMERA=0V2710
MAIN_CAMERA=ISOCELL_GWS3

[NRF_COMM]

NRF_ON = False
CE_PIN=25

CSN_PIN =38
NRF_CHANNEL =0
PIPE_RX = 0xFOFOFOFOD2
PIPE_TX = 0xFOFOFOFOE1
PAYLOAD_SIZE =32

[DRONE_CONTROL]
DRONE_IP= udp:127.0.0.1:14550

SITL_drone_control.py

import os

import queue

import time

from geopy.distance import distance, geodesic

from dronekit import connect, VehicleMode, LocationGlobalRelative
from bin.constants import CameraConstants

vehicle = connect('udp:127.0.0.1:14550', wait_ready=True)

def get_distance_metres(locationl, location2):
locationl coords = (locationl.lat, location1.lon)
location2_coords = (location2.lat, location2.lon)
dist_meters = geodesic(location1_coords, location2_coords).meters
return dist_meters

def arm_and_takeoff(aTargetAltitude):
print("Basic pre-arm checks")
while not vehicle.is_armable:
time.sleep(1)

print("Arming motors")
vehicle.mode = VehicleMode("GUIDED")
vehicle.armed = True

while not vehicle.armed:
time.sleep(1)

print("Taking off!")
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vehicle.simple_takeoff(aTargetAltitude)

while True:
print("Altitude: ", vehicle.location.global_relative_frame.alt)
if vehicle.location.global_relative_frame.alt >= aTargetAltitude * 0.95:
print("Reached target altitude")
break
time.sleep(1)

def fly_to_target(location: LocationGlobalRelative, stop_flight):
print("Flying forward...")
vehicle.simple_goto(location)
if stop_flight:
position_for_now = vehicle.location.global_frame
vehicle.simple_goto(position_for_now)

def calculate_target_gps(current_location, azimuth, target_distance):
target_coords = distance(meters=target_distance).destination((current_location.lat, current_location.lon), azimuth)
return LocationGlobalRelative(target_coords.latitude, target_coords.longitude, 1)

def tank_attack(target_image_point, image_width, distance):
azimuth_drone_from_north = vehicle.heading
camera_fov = 66.0
target_x_on_image = target_image_point[0]
target_y on_image = target_image_point[1]
azimuth_to_target from_north = azimuth_drone_from_north + (target_X_on_image - image_width / 2) * (
camera_fov / image_width)
target_location = calculate_target_gps(vehicle.location.global_frame, azimuth_to_target_from_north, distance)
fly_to_target(target_location, False)

#arm_and_takeoff(15)

#tank_attack([int(1920/2), 100], 1920, 100)

def drone_auto_control_thread(drone_control_queue: queue.Queue, return_drone_info: queue.Queue):
arm_and_takeoff(15)
while True:
if not drone_control_queue.empty():
target_image_point, screen_size, start_flight, stop_flight, target_distance = drone_control_queue.get()
print("work'")
if start_flight:
print("ok™)
screen_center_X = screen_size[1]/2
now_drone_position = vehicle.location.global_frame
azimuth_drone_from_north = vehicle.heading
camera_fov = CameraConstants(os.getenv("MAIN_CAMERA")).fov
target_x_on_image = target_image_point[0]
angle_to_target = (camera_fov / screen_size[1]) * (target_x_on_image - screen_center_x)
processed_angle = angle_to_target
print(processed_angle)
print(azimuth_drone_from_north)

azimuth_to_target_from_north = (azimuth_drone_from_north + processed_angle)

azimuth_to_target_from_north %= 360

print(azimuth_to_target_from_north)

target_location = calculate_target_gps(vehicle.location.global_frame, azimuth_to_target_from_north,
target_distance)
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fly_to_target(target_location, stop_flight)
distance_from_gps = get_distance_metres(now_drone_position, target_location)
print("Distance to target: ", distance_from_gps)
time.sleep(0.025)
if stop_flight:
start_flight = False
return_drone_info.put(start_flight)
else:
time.sleep(0.025)
else:
time.sleep(0.025)
continue

image_drawing.py

import cv2

class Colors:
red = (255, 0, 0)
green = (0, 255, 0)
blue = (0, 0, 255)
black = (0, 0, 0)
white = (255, 255, 255)
yellow = (255, 255, 0)

class DrawFunctions:

def __init_ (self, frame):
self.frame = frame

def draw_aim(self):

height, width, _ = self.frame.shape

center_x = width // 2

center_y = height // 2

rect_size = 20

rect_thickness = 2

top_left = (center_x - rect_size, center_y - rect_size)

bottom_right = (center_x + rect_size, center_y + rect_size)

cv2.rectangle(self.frame, top_left, bottom_right, (0, 255, 0), rect_thickness)

cv2.line(self.frame, (center_x, center_y - rect_size - 10), (center_Xx, center_y - rect_size - 100), Colors.green,
rect_thickness)

cv2.line(self.frame, (center_x, center_y + rect_size + 10), (center_x, center_y + rect_size + 100), Colors.green,
rect_thickness)

cv2.line(self.frame, (center_x - rect_size - 10, center_y), (center_x - rect_size - 100, center_y), Colors.green,
rect_thickness)

cv2.line(self.frame, (center_x + rect_size + 10, center_y), (center_x + rect_size + 100, center_y), Colors.green,
rect_thickness)

cv2.rectangle(self.frame, top_left, bottom_right, (0, 255, 0), rect_thickness)

return self.frame

def debug_info(self, cursor_x, cursor_y):
cv2.putText(self.frame, f'Cursor: x={cursor_x}, y={cursor_y}", (50, 50), cv2.FONT_HERSHEY_DUPLEX, 0.75, (0, O,
255),
2)
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# cv2.putText(frame, f'KCF TRACKER", (50, 250), cv2.FONT_HERSHEY_COMPLEX, 0.75, (0, 255, 255), 2)
# cv2.putText(frame, f"CSRT TRACKER", (50, 250), cv2.FONT_HERSHEY_COMPLEX, 0.75, (0, 255, 255), 2)
cv2.putText(self.frame, f"MIL TRACKER", (50, 250), cv2.FONT_HERSHEY_DUPLEX, 0.75, (0, 255, 255), 2)
return self.frame

def draw_control_keys(self):
height, width, _ = self.frame.shape
text = "Manual control keys:"
x=10
y = height - 70
cv2.putText(self.frame, text, (X, y), cv2.FONT_HERSHEY_DUPLEX, 0.75, (0, 255, 0), 2)
text = "Turn ON/OFF ML: Y/T|Zoom IN/OUT: W/S|TrackerBox IN/OUT: Q/A|Stop Tracking: C|Start/Stop Flight:G/H"
x=10
y = height - 50
cv2.putText(self.frame, text, (X, y), cv2.FONT_HERSHEY_DUPLEX, 0.5, (0, 255, 0), 1)
return self.frame

neural_detection.py

import re

import cv2

import tensorflow as tf
import numpy as np

def load_labels(path="labels.txt"):
with open(path, 'r', encoding="utf-8") as f:
lines = f.readlines()
labels = {}
for row_number, content in enumerate(lines):
pair = re.split(r'[:\s]+', content.strip(), maxsplit=1)
if len(pair) == 2 and pair[0].strip().isdigit():
labels[int(pair[0])] = pair[1].strip()
else:
labels[row_number] = pair[0].strip()
return labels

def load_model(model_path):
model = tf.saved_model.load(model_path)
return model

def preprocess_image(image):
""" Preprocess the input image.
image = cv2.resize(cv2.cvtColor(image, cv2.COLOR_BGR2RGB), (320, 320))
image = (image * 255).astype(np.uint8)
image = image / 255.0
image = np.expand_dims(image, axis=0)
return image

def detect_objects(model, image, threshold):
input_tensor_info = model.signatures["serving_default"].inputs
img_uint8 = (image * 255).astype(np.uint8)
output_dict = model.signatures["serving_default"](tf.constant(img_uint8))
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boxes = output_dict['detection_boxes].numpy().tolist()[0]

classes = output_dict['detection_classes'].numpy().astype(int).tolist()[0]
scores = output_dict['detection_scores'].numpy().tolist()[0]

count = int(output_dict['num_detections'].numpy())

results =[]
for i in range(count):
if scores[i] >= threshold:
result = {
'bounding_box": boxes[i],
‘class_id": classes[i],
'score’: scoresli]

results.append(result)
return results

image_functions.py

import cv2

def zoom(image, factor, zoom_center):
if factor 1= 1:
height, width, _ = image.shape

new_width = int(width / factor)
new_height = int(height / factor)

roi_x = max(0, int(zoom_center[0] - new_width / 2))
roi_y = max(0, int(zoom_center[1] - new_height / 2))
roi_width = min(new_width, width - roi_x)
roi_height = min(new_height, height - roi_y)

zoomed_roi = cv2.resize(image[roi_y:roi_y + roi_height, roi_x:roi_x + roi_width], (width, height))
return zoomed_roi

return image

config_parser.py

import configparser
import os

def parse_config(file_path="\\config.ini"):
config = configparser.ConfigParser()
config.read(file_path)

os.environ.update({
'MAIN_CAMERA': config.get(CAMERA', 'MAIN_CAMERA),
'CE_PIN': config.get(NRF_COMM', 'CE_PIN"),
'CSN_PIN': config.get(NRF_COMM', 'CSN_PIN'),
'NRF_CHANNEL": config.get(NRF_COMM', 'NRF_CHANNEL"),
'PIPE_RX': config.get(NRF_COMM', 'PIPE_RX"),
'PIPE_TX": config.get(NRF_COMM', 'PIPE_TXY),
'PAYLOAD_SIZE": config.get(NRF_COMM', 'PAYLOAD_SIZE"),
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'DRONE_IP": config.get(DRONE_CONTROL', 'DRONE_IP’)
b

Tracker_functions.py

import datetime

import os

import cv2

from bin.constants import CameraConstants

class Trackers:
tracker_1 = cv2.TrackerCSRT.create()
tracker_2 = cv2.TrackerKCF.create()
tracker_3 = cv2.TrackerMIL.create()

def draw_lines_to_edges(frame, bbox):
X, ¥, W, h = [int(e) for e in bbox]
center=(X+w//2,y+h/l2)

height, width, _ = frame.shape

cv2.line(frame, center, (0, center[1]), (O, 255, 0), 2)
cv2.line(frame, center, (width, center[1]), (0, 255, 0), 2)
cv2.line(frame, center, (center[0], 0), (O, 255, 0), 2)
cv2.line(frame, center, (center[Q], height), (0, 255, 0), 2)

return frame

def tracking_process(frame, tracking, tracking_ok, bbox, object_lost):
height, width, _ = frame.shape
center_x = width // 2
center_y = height // 2

if tracking:
Trackers.tracker_1.init(frame, bbox)
print(Trackers.tracker_L.init(frame, bbox))
print(bbox)
tracking_ok = True
tracking = False

bbox1 = [0, 0, 0, O]

target_center = [center_x, center_y]

if tracking_ok:
retl, bbox1 = Trackers.tracker_1.update(frame)
if retl:
bbox1 = [int(e) for e in bbox1]
cv2.rectangle(frame, (bbox1[0], bbox1[1]), (bbox1[0] + bbox1[2], bbox1[1] + bbox1[3]), (0, 255, 0), 2)
frame = draw_lines_to_edges(frame, bbox1)
target_center = (bbox1[0] + bbox1[2] // 2, bbox1[1] + bbox1[3] // 2)
else:
object_lost = True
tracking_ok = False
return frame, bbox1, tracking, object_lost, tracking_ok, target_center

def distance_calculator(frame, bbox1, real_object_width):
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if not bbox1 ==0,0,0,0]:
camera = CameraConstants(os.getenv("MAIN_CAMERA"))
pixels_x, pixels_y = camera.image_size
pixels_per_cm = pixels_x / camera.matrix_x
X, ¥, w, h = [int(e) for e in bbox1]
object_size = ((w/ 2) / pixels_per_cm) /100
if object_size I=0:
distance = (camera.focal_length * (real_object_width + object_size)) / object_size
else:
distance =0
else:
distance =0
cv2.putText(frame, f*{round(distance, 2)} M", (100, 300), cv2.FONT_HERSHEY_DUPLEX, 0.6, (0, 255, 0), 2)
return frame, distance

nrf24_communications.py

import time
import os
from nrf24 import NRF24

ce_pin = int(os.getenv("CE_PIN™))

csn_pin = int(os.getenv("CSN_PIN™))

radio = NRF24(ce_pin, csn_pin)

radio.begin(ce_pin, csn_pin)

channel = int(os.getenv("NRF_CHANNEL"))
radio.setChannel(channel)

pipe = [bytes(os.getenv("PIPE_RX")), bytes(os.getenv("PIPE_TX"))]
payload_size = int(os.getenv("PAYLOAD_SIZE"))
radio.setPayloadSize(payload_size)

radio.openReadingPipe(1, pipe[1])
radio.startListening()

def main_comm_loop(input_queue, output_queue):
while True:
if not input_queue.empty():
message_data = input_queue.get()
radio.openWritingPipe(pipe[0])
radio.write(bytes(message_data, 'utf-8")
print(f"Data sent: {message_data}")
radio.openReadingPipe(1, pipe[1])
radio.startListening()
time.sleep(1)

if radio.available():
received_data=10
radio.read(received_data)
print(f"Received: {received_data}")
output_queue.put(received_data)
time.sleep(1)
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JOCIIZKEHHSA TPOT'PAMHOI'O METOAY BUSHAUYEHHS BIACTAHI 10 OB’EKTY
3A TOITIOMOT ' OIO TAPAMETPIB KAMEPU

J. B. Miabko

XapKiBCbKHI HAI[IOHAIBHUHN YHIBEPCUTET

paioeNeKTPOHIKH

VYkpaina, 61166, Xapkis, np. Hayku 14

Email: denys.milko@nure.ua

Anotanis: CtaTTs 00roBoproe mporpaMHy pearizallito MeToy 3 Bukopuctanasm Python ta OpenCV,
BHU3HAYEHHS BIICTaH1 3@ IOTIOMOT 010 ()OpMYJIM TOHKOI JITH3U Ta OI[IHIOE TOUHICTh BUMIPIOBAHb BiJICTaH1
3a TapameTpamMu MaTpHIll kKamepu. BHCHOBOK MiIKpeciioe 0OOMEXEHY TOYHICTh METONY, aje HOro
JOIUTBHICTh y CHCTEMAaX KOMITIOTEPHOTO 30py NMPU 0OMEKEHOMY OFOKETI.

Kurouosi caoBa: Jlanexomip, komm torepuuii 3ip, OpenCV, Python.

RESEARCH OF THE SOFTWARE METHOD FOR DETERMINING THE DISTANCE TO
AN OBJECT USING CAMERA PARAMETERS

D. Milko

Kharkiv National University of Radio Electronics

Ukraine, 61166, Kharkiv, Nauky av.,14

Email: denys.milko@nure.ua

Anotations: The article discusses the software implementation of the method using Python and
OpenCV, distance determination using the thin lens formula, and evaluates the accuracy of distance
measurements using camera sensor parameters. The conclusion emphasises the limited accuracy of the
method, but its feasibility in computer vision systems with a limited budget.

Keywords: Rangefinder, computer vision, OpenCV, Python.

BusHnauenHs BifcTaHi 10 OO'€KTIB - 3aBIaHHs, SIKE MOYKE OYTH BHUPIIICHO PI3HUMH METOJIaMHU B
3aJISKHOCTI BiJl KOHKPETHOTO KOHTEKCTY Ta YMOB BUMIipIOBaHb. OJMH i3 IIUPOKO BUKOPUCTOBYBAHUX
METOJIIB — TPUTOHOMETpHYHA TpHaAHTYisIisA. Llel minxig rpyHTyeTbCsS Ha BHUMIPIOBAHHI KYyTiB Ta
BUKOPHUCTAHHI TPUKYTHUKOBOI IeOMETpii JUIsl PO3paxyHKy BiJICTaHI MK croctepiraueM i 00'€eKToMm.
[HmMit epekTUBHMI crociO - BUKOPHCTAHHS JIa3epHUX JanekoMipiB. Lli mpucTpoi BUKOPHCTOBYIOTH
Jla3epHE BUIPOMIHIOBAHHS I BHMIPIOBAHHS 4Yacy, SKHH Ja3epHOMY IPOMEHIO MOTpiOHO, 100
BiIOUTHCA Bill 00'€KTa Ta MOBEPHYTHUCS 10 IPUIIAMY.

He 3Bakaroun Ha e(peKTHBHICTh LIMX METOIB, iX IHTErpaiis Moxe OyTH CKIAJHOIO Ta BUMaraTu
3HaYHUX (PIHAHCOBUX 3aTpaT. 30KpeMa, BAKOPUCTAHHSI JIA3ePHUX IaJIeKOMIpPIB MOYKE BUMAaraTH 3HAYHUX
BUTpaT Ha pPO3poOKYy Ta IHTErpamlild cHCTeMHU. Y BHIMAJKaX, KOJU OHOKET OOMeXeHuil abo
PO3IIISIIAETHCS BUKOPUCTAHHS B HEBEJIMKUX CUCTEMaX, JOLUIBHUM € BUKOPUCTAHHSI IHIIMX JOCTYITHUX
METO/IiB BUMIPIOBaHHS BiIcTaHEH, SKi MOXYTh OyTH OUIbII €KOHOMIYHHMHU Ta MPUCTOCOBAHUMHU [0
KOHKPETHUX BUMOT. Y X0/JIi TOCHIKEHHs, OYyJI0 MPOBEICHO aHajli3 TOYHOCTI BUMIPIOBAaHHS BIICTaHi 3a
JOTIOMOT OO TTapaMeTpPiB MaTPHIll KaMEpH.

Jlns yeninrHo i mporpaMHoi peasizalii BUKOPUCTaHOTO METOTy He0OXiTHO po3poOUTH 6a30BY YaCTUHY
MporpaMu KOMITTOTEpHOTO 30py. Ll Ga3oBa wacTuHa BKIOYaTHME B cebe Habip alropuTMiB Ta
¢byHKIIH, cpssMOBaHUX Ha 00pOOKY Ta aHaIi3 300paXkeHb, OTPUMAHMX Bijl KaMepH. 30KpeMa, BoHa Oyie
BIIMOBIAATBFHOIO 32 OOpOOKY BXITHUX JaHUX, B3a€EMOJi0 3 00paHOK KaMeporw, IMIJIEMEHTAIlilo
BHOPAHOTO METOTy BU3HAUCHHS BiJICTaH1 Ta 3/[IICHEHHS MOJANBIINX TOCIIIKEHb.

IIs 6azoBa yacTHHA mporpamMu Oyjae HaJlaBaTH HEOOXinHUM iHTepdeic A B3aeMoil 3 METOJIOM
BHUMIPIOBAaHHS BIJICTaHi Ta JO3BOJUTH MIPOBOJAUTU €KCIIEPUMEHTH Ta JOCIiIKeHHs. BoHa € KiIrouoBUM
KOMIIOHEHTOM JIJIs yCHIIIHOT pealizallii Ta onTuMizaiii BUOpaHOT0 METO/Iy B KOHTEKCT1 KOMIT'IOTEPHOTO

3opy. [1].
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Jnst peanizarii 1aHOTO METOy BHOpaHo MOBY mporpamyBanHsi Python Ta BukopucTaHo 6i0mioTeKy
komn'torepHoro 3opy OpenCV. Bukopucranus Python 3ale3neuye 3pydnicTs mporpamyBaHHS Ta
BEJIHMKY KUTBKICTh HasBHUX Oi0NIOTEK, IO CHpUsie IMBHUIKIA Ta edekTuBHIH po3pobui. bidmioTeka
OpenCV € MOTY)KHUM THCTPYMEHTOM JJisi 0OPOOKH 300paK€Hb Ta KOMIT'IOTEPHOTO 30Dy, HATAI0YU
IIMPOKHIA CIIEKTp (QYHKIIH 11t poboTH 3 Bineo Ta 300paxenHsmu. O0'eqnytoun Python i OpenCV,
TOCITITHUKY OTPUMAIH HAAIWHUN IHCTpYMEHTapild JUIs BIPOBAPKEHHS Ta TECTYBaHHS PO3POOIECHOTO
METO/Ty BU3HAYCHHS BifCTaHi 10 00'ekra. [2].

Jlis  BW3HauUeHHs BiACTaHI A0 o00'€kTa 3acTOCOBYEThCs (opMmyrna TOHKOT JIiH3H, IO €
3araJibHOTIPUIHATUAM METOAO0M y doTtorpadii Ta ontumi. L popmyrna, ska 3a3BHUail BUKOPUCTOBYETHCS
B 00'€eKTHBAX 3BUYAHUX KaMep, BPaXxOBYeE JIHIHHII po3mip 00'ekTa, HOTO po3Mip Ha MaTPHUIl KAMEpPH,
1 (OKyCHY B1/ICTaHb JIIH3U. 3a JOTIOMOTO0 Ii€T (POPMYIIM MOXKHA TOUHO BUSHAYUTH BIACTAaHb JI0 00'€KTA,
10 € BaXJIMBUM €JIEMEHTOM Y PI3HUX 00JacTsIX, TAKUX SIK KOMIT'IOTEpHUH 31p Ta reozesis. (puc. 1).
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Pucynok 1 — Cxema TOHKOI J1iH3H

[Ipy manoMy THIi BU3SHAYECHHS BiJCTaH1, HEOOX1THO MaTH CTaJli IaHHI, SIKI BUKOPHCTOBYIOTHCS MPH
po3paxyHky [3]. A came po3mip 00’ekTa, (JOKyCHA BiIICTaHb JIIH3M Ta PO3MIp 00’€KTa Ha MaTpHIli

00’exTHBA.
Po3paxyHOK nmpoBOAUThCS 32 (GOPMYIIOIO:

g = U
H
1)
ne:
h — niniiiauit po3mip 00’ekTa;
H — po3mip 00’ekTa HA MaTPHIL;
f — dokycHa BincTaHb JiH3H.

Jlani B mporueci BU3HAYEHHsI BiICTaHi 10 00'€ekTa HEOOXIAHO 3BEpHYTHUCA /0 MapaMeTpiB oOpaHOi
KaMepH, sIKoro OyJie 3aiiicHIoBaTuCs (HOoTO3HOMKA CLIEHH 3 AOCIIKYBaHUM 00'ekTOM. OOpaHO0 OIIIE0
€ kamepa 13 Matpuuero Samsung ISOCELL GW3, ska mae ¢iznuni po3mipu 6.5 Ha 4.86 MmirtiMeTpa.
dokycHa BificTaHb 00'€KTHBA L€l KaMepH CKJIajae 25 MUTIMETPIiB, a po3Mip BUXIJHOTO 300paskeHHs
cranoBuTh 1080 Ha 1920 mikceniB.

Ha ocHOBI muX BXiIHWX JaHUX MOKHA BH3HAYUTH po3Mip 00'ekTa Ha MaTpPUIll KaMepH,
BUKOPHUCTOBYIOUH 3B'SI30K MK (PI3MUHUMH po3MipaMu 00'ekTa 1 fioro BioOpaxkeHHsIM Ha marpui. Lli
JIaH1 CTalOTh KIIOUOBUMH y NMOAAJIBIINX PO3paxyHKaX BiJICTaHI 10 00'€KTa, JO3BOJSIOUYM BPaXOBYBAaTH
crierdikarii KaMepu JJIsl OTPUMAaHHS OUTbIII TOYHHX Pe3yNbTaTiB BUMIpIOBaHb [4-6].

Po3pobnena mporpama NOYMHAETHCS IHIMIAI3aAII€l0 MapaMeTpiB, TaKuX K HUIAX 10 Bineodaiiny,
BHU3HAYECHHS TPEKepa, po3Mip pealbHOro o0'ekra, mapameTpu kamepH (Taki Sk (okycHa BifcTaHb Ta
pO3Mipu MaTpHili), i CTBOPEHHS BiKHA JJIS1 BIICTEKEHHSI.
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Cuctema otpumye Bimeodpeiimu, i SKIIO 0OpaHO BiACTEXKEHHS 00'eKTa, IHIIIaNi3ye Tpekep A
BKA3aHOTO MpsIMOKyTHUKA [7-9]. IIoTiM Tpekep BUKOPUCTOBYETHCS Ui BHU3HAUCHHS MOJIOKECHHS
00'ekTa Ha KOXHOMY Kajpi. SIKIIO BIACTE)KEHHS YCIHIIIHE, BUBOAUTHLCS iH(GOpMAILiS PO BIACTaHb 10
o0'exTa.

Kpim Toro, kKol BKIIIOYaE€ MOXIIMBICTb BUOOPY O0'€KTa ISl BIIACTEXKEHHS 3a AONOMOTOIO MUIII Ta
BHBOJIUTH JIOJATKOBY iH(OPMAILif0, TaKy SIK KUTBKICTh KaJIpiB HA CEKYH/Iy Ta 4ac BTpaTH 00'€KTa i3 30HU
Bigcrexenns [10-13].

Jlnist TecTyBaHHS METOAY OyJIO CTBOPEHO Bifie03amuc aBTOMOOUTS, JTIHIHHUN PO3MIp SIKOTO JOPIBHIOE
npuOim3HO 2 M. PesynbTaTu TecTyBaHHS MpEACTaBICHI HA PUCYHKY 1.

7’

.

79,39 M (260,48 yT.)

>
4 <

A' "
K4

—

Pucynox 2 — Pe3ynpTar TecTyBaHHS

Buxozsuu 13 oTpuMaHuX pe3yibTaTiB, MOKHA 3pOOMTH BUCHOBOK, 110 BUKOPHCTAHHS 1[bOI'O METOY
Jla€ He JOCTaTHbO TOYHI JaH1 O BIJICTaHI, TaK K pO3MIp OJHOTO 1 TOTO K 00’€KTY MOXKE 3MIHIOBATHCS
3aJIeKHO BiJl HOro Kyra po3MmilieHHs. Tako’K MOXKyTh BIJIMBATH YMHHUKH BUKPHUBIIEHHS 300pakKeHHs
JH3aMM, HETOYHUH pO3paxyHOK PO3MIPIB 00 €KTY y MIKCENAX Ta IHIII.

Ane npu oOMexxeHoMy OrOJKeTi, TAKUM BapiaHT MOXKE JIOLLIBHO BUKOPHUCTOBYBATUCS Y CHCTEMax
KOMII FOTEPHOTO 30pY Ta Harjsay.
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