JIOJATOK A

Pe3ynbraTu TpeHyBaHHS MoJENl

Tabmuis A.1 — Pe3ynbTaTu TpeHyBaHHS MOJENI
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TIOJIATOK B

JlictuHr nporpamu

import cv2

import numpy as np

import pandas as pd

from scipy.interpolate import interpld

from sort.sort import Sort

from ultralytics import YOLO

import easyocr

import string

import csv

import ast

class ObjectTracker:

def  init (self):

self.mot tracker = Sort()

def track objects(self, detections):

# BimcTexyBaHHS BUSABJIEHUX OO'eKTiB

track ids = self.mot tracker.update(np.asarray(detections))
return track ids

class LicensePlateDetector:

def init (self, model path):

self.model = YOLO (model path)

self.reader = easyocr.Reader(['en'], gpu=False)
def detect license plates(self, frame):

# BuaBJIeHHS HOMEPHMX 3Haki B kaIpi

return self.model (frame) [0]

def read license plate(self, license plate crop):
# InmenTubikanii TexcTy HOMEPHOT'O 3HAaka 3 300paxeHHI

detections = self.reader.readtext (license plate crop)
for detection in detections:

bbox, text, score = detection

text = text.upper() .replace(' ', ''")

if self.license complies format (text):

return self.format license(text), score

return None, None

@staticmethod

def license complies format (text):

# IlepeBipka, uM BiONOBiIae TEKCT HOMEPHOTO 3Haka HeoOxinmHomy
dopmatTy

if len(text) !'= 7:

return False

if (text[0] in string.ascii uppercase or text[0] in
LicensePlateDetector.dict int to char.keys()) and \

(text[1l] in string.ascii uppercase or text[l] in
LicensePlateDetector.dict int to char.keys()) and \

(text[2] in [lOl’ lll’ 121’ 131’ 141’ 151’ '6', 171’ '8', 191]

or text[2] in LicensePlateDetector.dict char to int.keys()) and
\

(teXt[B] in [lOl’ lll’ 121’ 131’ 141’ l5l’ l6l’ l7l’ 181’ l9l:|
or text[3] in LicensePlateDetector.dict char to int.keys()) and

\



(text[4] in string.ascili uppercase or text[4] in
LicensePlateDetector.dict int to char.keys()) and \
(text [5] in string.ascii uppercase or text[5] in
LicensePlateDetector.dict int to char.keys()) and \
(text[6] 1in string.ascili uppercase or text[6] in
()):

LicensePlateDetector.dict int to char.keys
return True

else:

return False

@staticmethod

def format license(text):

# 3acTocyBaHHS NpaBuyl BigoOpaxXeHHS CHMMBOJI1IB IO TEKCTY HOMEPHOTO
3Haka 3 BlIXMIIEHHAMU

license plate = "'

mapping = {0: LicensePlateDetector.dict int to char,

: LicensePlateDetector.dict int to char,
LicensePlateDetector.dict int to char,
LicensePlateDetector.dict int to char,
LicensePlateDetector.dict int to char,
LicensePlateDetector.dict char to int,

3: LicensePlateDetector.dict char to int}

for j in [0, 1, 2, 3, 4, 5, 6]:

if text[j] in mappinglj].keys{():

license plate += mapping[J][text[]]]

else:

license plate += text[j]

return license plate

dict char to int

N oy O i

{‘o': 'o', 'r': 1", 'g': '3', 'A': '4', 'G': '6', 'S': '5"}
dict int to char =

{IOI: lOl’ lll: lIl’ 131: lJl’ 141: lAl’ 161: lGl’ l5l: ISI}
class UtilityFunctions:

@staticmethod

def get car(license plate, vehicle track ids):

# OTpuMaHHS KOoOpIMHAT aBToMoOina Ta imeHTudikaTopy Ha OCHOBIL
KOOPOMHAT HOMEPHOT'O 3HakKa

x1l, yl, x2, y2, score, class id = license plate

foundIt = False

for j in range(len(vehicle track ids)):

xcarl, ycarl, xcar2, ycar2, car id = vehicle track ids[]]

if x1 > xcarl and yl > ycarl and x2 < xcar2 and y2 < ycar2:

car_indx = J
foundIt = True
break

if foundIt:

return vehicle track ids[car indx]
return -1, -1, -1, -1, -1
@staticmethod

def write csv(results, output path):
# Bamnmc pesyabTariB y darnn CSV

with open (output path, 'w') as f:
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fowrite ("{}, {3}, {3, {}, (3, ()}, {}\n'.format ('frame nmr', 'car id',
'car bbox', 'license plate bbox', 'license plate bbox score'
'license number', 'license number score'))

for frame nmr in results.keys():

for car id in results[frame nmr].keys() :

if 'car' in results[frame nmr] [car id].keys() and \

'"license plate' in results[frame nmr] [car id].keys() and 'text'
in \ results[frame nmr][car id]['license plate'].keys():
fowrite("{}, {}, {}, {},{},{},{}\n'.format (frame nmr, car id, '[{}
{} {} {}]'".format ( results[frame_nmr][car_id]['car']['bbox'][O],
results[frame nmr] [car id]['c "I ['"bbox'][1],
results[frame nmr] [car id]['car']['bbox'][2],
results[frame nmr] [car id]['car']['bbox'][3]), '[{} {} {}
{}]'.format (results[frame nmr] [car id]['license plate']['bbox'] [
0], results[frame nmr][car id]['license plate']['bbox'][1],
results[frame nmr] [car id]['license plate']['bbox'][2],
results[frame nmr] [car id]['license plate']['bbox'][3]),
results[frame nmr] [car id]['license plate']['bbox score'],
results[frame nmr] [car id]['license plate']['text'],
results[frame nmr] [car id]['license plate']['text score'])

)

f.close()

@staticmethod

def read csv(input path):

# BumTyBaHHS pes’yiabTaTiB 3 danay CSV

with open (input path, 'r') as file:

reader = csv.DictReader(file)

data = list (reader)

return data

@staticmethod

def interpolate bounding boxes (data) :

# IuTepnonauisg BimcyTHix oOMexyBallbHMX PAMKOK B IOAaHMUX

frame numbers = np.array([int(row['frame nmr']) for row in
datal)

car ids = np.array([int(float(row['car id'])) for row in data])
car bboxes = np.array([list(map(float, row['car bbox'][l:-
1].split())) for row in datal])

license plate bboxes = np.array([list (map(float,
row['license plate bbox'][1l:-1].split())) for row in datal])
interpolated data = []

unique car ids = np.unique (car ids)

for car id in unique car ids:

frame numbers = [pl['frame nmr'] for p in data if
int (float (p[" car_id'])) == int (float (car_id))]
car mask = car ids == car_ id

car frame numbers = frame numbers[car mask]

car bboxes interpolated = []

license plate bboxes interpolated = []
first frame number = car frame numbers[0]
for 1 in range(len(car bboxes[car mask])):

frame number = car frame numbers([i]

car bbox = car bboxes[car _mask] [1]

license _plate bbox = license plate bboxes[car mask] [1]
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if 1 > 0:

prev frame number = car frame numbers[i - 1]

prev car bbox = car bboxes interpolated[-1]

prev license plate bbox = license plate bboxes interpolated[-1]
if frame number - prev frame number > 1:

frames gap = frame number - prev frame number

x = np.array([prev_frame number, frame number])

X _new = np.linspace (prev_ frame number, frame number,
num=frames gap, endpoint=False)

interp func = interpld(x, np.vstack((prev _car bbox, )), axis=0,
kind='linear')

interpolated car bboxes = interp func(x new)

interp func = interpld(x, np.vstack((prev license plate bbox,
license plate bbox)), axis=0, kind='linear')
interpolated license plate bboxes = interp func(x new)

car bboxes interpolated.extend(

interpolated car bboxes[1l:])

license plate bboxes interpolated.extend
interpolated license plate bboxes[1:])

car bboxes interpolated.append(car bbox)

license plate bboxes interpolated.append(license plate bbox)
for 1 in range(len(car bboxes interpolated)):

frame number = first frame number + 1

row = {}

row['frame nmr'] = str(frame number)

row['car id'] = str(car_ id)

row['car bbox'] = ' '.Jjoin(map(str, car bboxes interpolated[i]))
row['license plate bbox'] = ' '.join(map(str,

license plate bboxes interpolated[i]))
if str(frame number) not in frame numbers :

row['license plate bbox score'] = '0'

row['license number'] = '0'

row['license number score'] = '0'

else:

original row = [p for p in data if

int (p['frame nmr']) == frame number and int (float(p['car id']))
== int (float(car id))][0] row['license plate bbox score'] =
original row['license plate bbox score'] if
'license plate bbox score' in original row else

'O'row['license number'] = original row['license number'] if

'license number' in original row else
'0O'row['license number score'] =

original row['license number score'] if 'license number score'
in original row else '0O'

interpolated data.append (row)

return interpolated data

class Visualizer:

def init (self, video path):

self.video path = video path

self.cap = cv2.VideoCapture (video path)

def visualize results(self):

# Bisyajizauia pesyabTaTiB

results = pd.read csv('./output interpolated.csv')
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fourcc = cv2.VideoWriter fourcc (*'mpdv')

fps = self.cap.get(cv2.CAP_PROP_FPS)

width = int(Self.cap.get(Cv2.CAP_PROP_FRAME_WIDTH))

height = int(Self.cap.get(CVZ.CAP_PROP_FRAME_HEIGHT))

out = cv2.VideoWriter ('./output.mp4', fourcc, fps, (width,

height))

license plate = {}

for car id in np.unique (results['car id']):
max = np.amax(results[results['car id'] ==
car id] ['license number score'])

license plate[car id] = {'license crop': None,
'license plate number':

results[ (results['car id'] == car_ id) &
(results['license number score'] ==

max )] ['license number'].iloc[O0]}

self.cap.set (cv2.CAP PROP POS FRAMES, results[ (results['car id']
== car_1id) & (results['license number score'] ==

max )] ['frame nmr'].iloc[0])

ret, frame = self.cap.read()

x1l, yl, x2, y2 = ast.literal eval(results|[ (results['car id'] ==
car 1d) & (results['license number score'] ==

max )] ['license plate bbox'].iloc[0].replace('[ ',

'[') .xreplace(" ', ' ') .replace(' ', ' '").replace(' ', ', "))
license crop = frame[int (yl) :int(y2), int(xl):int(x2), :]
license crop = cv2.resize(license crop, (int((x2 - x1) * 400 /
(y2 - yl)), 400))

license platefcar id]['license crop'] = license crop

frame nmr = -1

self.cap.set (cv2.CAP PROP POS FRAMES, 0)

ret = True

while ret:

ret, frame = self.cap.read()

frame nmr += 1

if ret:

df = results[results['frame nmr'] == frame nmr]

for row indx in range(len(df )):

# BinmoOpaxeHHS BUSBJIEHMX HOMEPHMX SBHAKI1B

x1l, vyvl1, x2, y2 =

ast.literal eval(df .iloc[row indx]['license plate bbox'].replac
e('[ ', '"[").replace(' ', ' '").replace(' ', ' '").replace(' ',
')

cv2.rectangle (frame, (int(xl), int(yl)), (int(x2), int(y2)), (O,
0, 255), 12)

license crop =

license plate[df .iloc[row indx]['car id']]['license crop']

H, W, = license crop.shape

# [ignmucyBaHHS BUABJIEHUX HOMEPHMX 3HAK1B

label text =

license plate[df .iloc[row _indx]['car id']]['license plate numbe
r']

cvZ2.putText (frame, label text, (int(xl), int(yl) - 10),

cv2.FONT HERSHEY SIMPLEX, 1.5, (0, 255, 0), 10)
out.write (frame)



frame = cv2.resize (frame,
out.release ()
self.cap.release ()

(1280,

720))
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JIOJATOK B

JlemoHCTpaniiHuii MaTepiai
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