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ABSTRACT

This report has been prepared with the objective of explaining the working principles

of Character Recognition, which is the process of distinguishing and recognizing characters and

numbers in images or related data. Character recognition is highly significant in language data

processing and finds applications in various fields. The process of character recognition often

involves complex image processing technigues and methods to identify characters and

numbers that match a predefined pattern. The development and practical implementation of

character recognition systems are crucial in natural language processing, automated postal

services, financial data recording, and more. Efficient character recognition helps reduce time

and errors in data processing and verification, while enabling quick and accurate identification

and recall of characters.
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2.1 Python programming language

Twsou (Python) Wumwilusunsuludnuazniwdumesndimeslusunsufis (nterpreted
programming language) #ARAWAD Guido van Rossum 1wl 1990 Falwsowdu msdansviinves
é‘hLLUiLLUULLUiﬁumwu%’azﬂaﬁmiﬁ;aq (Fully dynamically typed) wagldnisdnnisuiheainusudu
Slut® (Automatic memory management) Tagldidunisiamnuasnauna e e dy o T
ABC, Modula-3, Icon, ANSI C, Perl, Lisp, Smalltalk uaz Tcl. Fanwilwneuanuisaldnuliuy
sruuUuRnislddn ezl Unix, Linux, Windows NT, Windows 2000, Windows 95/98/MEXP %3©
OS/X

M

python

gz/fJ’lWﬁ 1 python

747 : logicoretech

Tuneudunwiansua v Tildanlumsdsunazmenlnaliunn sinlimuigiuausiunis
QUATEUU  (System administration)  1Wusgnddldinmsatuyuawilwmeulasidudiunies
stuuURtRnseling, Aund wor aunsadeseld vhouduniwaeiuduesiulnd  sussuy
Windows Script Host ¢@néae waz Python Leafilagniunimun Web application ag1aunsvans

Fa3l Framework d1wsusiiuves Python

Mwilnneuazastuiu 01w C un neavilassadinlidudon Theinsal Alaindanisld

v v ¢ 1 13 ¥ 1 £ [ 4 ' A a o
anwal Alglunisudavdenvesiusunsy wazldnis denthunuvinlianunsaslusunsundeuls

$18 uenantugalinsatiuayunsdeu docstring Fududornudus Mldesuismsviuresilandu

, AANE, Uazligadnemie
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opencV ihilausidleiusesavunalngdmsunisueaiuvesnonfinmes msi3euives
309 LagnITUszIRaNan N waznoull OpenCv funuimdrdnlunisinuuuuiiealnsd
muddaanluszuuiiagiu el isamnsadsznananmuazinleoszying lunth vie
wlufatedaveuyud Wosudiulausidaigg 1wu NumPy uda python avanunsaUsyuiana
Tnsea$19015158 OpenCV 1t 9715315189l TunssgygUuUUANLAEAUANYAIEA 199

wlagnnmesuasaLiunsnaadinmansiunuan vz el

gUﬂWV‘VdJ'Z logo OpenCV

1117 : upload.wikimedia

2.3 Matplotlib

Matplotlib Wunildlulausi3ildasransmiasunugfluniwi Python leuAnsmidu (ine
plot), n31Muyie (bar plot), nsautdunatsLdu (multiple line plot), nsMLvaraIBwyis (multiple
bar plot), nTMlidunaziiaTIniu (line and bar plot), N3 MtdUWYISUULUINGY (grouped bar
plot), N5 Mudalawnsy (histogram), NINUHUILUULLA (scatter plot), WHUHILIU (pie chart)
sy 89 matplotlib Safuayumsfvuaduazdnuaiyeing q vesnsin i Jdu duvs dunas
Fdaderldluns srudenstnusduntaasrnavesnuiasfavtdeluns wdnnsvheu
904 matplotlib aguundnnIsuUILennsasensmeeniludiuges InglduuiAnvesnisasia Figure
(Unm) waw Axes (neush) Tu matplotlib Tng Figure Wuituivdniléifuuvasfuuazfanisiy
sl dau Axes Wuituiiildadrsuasivundnvazvens o usas Figure @111503nanY

Axes 19



2.4 Image
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2.5 Gray Scale
A o d‘ ! . ;% v Al a o:/ d‘ v
ARANUNIM Raz Pixel Agunumeszaudniee IngunAnmyiluiiusenaumsuas 3 was
A® Red Green Blue L84 Pixel 187 9gtnsesunkatwiay Channel INHENTY WHabUASE AWLUU

Gray Scale Hu AzlaW1gladuILMNLY

255

UMM 4 SeAULFIYeY Gray Scale 256 FsAU
1317 : babsoftsoft

Pixel W 9zUsznaulufmeszAuvalas R G B 8n1snieiigalunis Convert nmaidu Gray Scale

JUABNISMIANLRAYDONUN AUNITNLAAD

Pixel(x,y) = (R+G+B)/3

Pixel(x,y) = ANUNUIVDY Pixel ad AUNUI X | y
SYAUVDILLAIF LA
SYAUVDILAIETE?

R
G
B U =

= SYAUVDILAIAUNSU

2.6 Gaussian Blur

L‘i‘]umaﬁwﬁﬂumsﬂ%’wa;amw (image enhancement) WaznN1TUTEUIANANN  (image

. a a dy ¥ s 6 o = . . d" o o
processing) Inafimaliatildn1suuasiedduniaudeu (Gaussian function) eIA1TAUAINLALYR
wazandaasuniulunn Fawaansannsld Gaussian Blur Aenindidinisnszatemdnsoninu
WuvesiinadMuwakasiidnuasauwas (blurred) ¥u n15ld Gaussian Blur luussanananin
% Y & & 1 A o Aa ' d" 1 [y . =)
Anlddutuneunounazanilunsielunseulunsdu 9 1WuUN1IrTI93UY0U (edge detection) %3e
nMTaUdIUIUNIU (noise reduction) teYMAA ndAMULTsUuLazdaze1ANINTY UanaNil walle
Gaussian Blur feflonlglunisviamanseunssiisenmnaniiaulaliiuain dregrarunisasng

Loling bokeh vieluasitumds (background blur) Tuamiee



g‘lff)77/v77/5 Gaussian Blur

71317 : computerhope

2.7 Threshold
Jupmldlunsudsmendeyansodygiueenidunay neldinaeilunisdndulaindeyanie

£%

Tyaaunaviinisazeglungule Annaueindvuadaunsaduaindingnivunaianii wse
anusaAnulnaInnTiieTsiteyarsedygadusiuuuneadiamans lunanisussuiana
. . ! oA 3 < ! = U a = '
A (image processing) threshold 1sﬂumsl,mm,wﬂmvvﬂLsziaamwaaﬂmuaﬁmqu FIUNUYULIBNIN
binary thresholding %38 binary image thresholding lnafivunaAlnusielUTe ulisuiuA1AIw
WUV NGAR LUAIN G1A1AITUYITALBAEAINIIANAUANATNUAILYNNA UNTOIBBNUAL
o Y @ Ao ! Y o £ a 13 ! = Vv ! 3 Y
Avualildudan (black) drumidanuiduvasiinieadgindmiamiduannusazgnnaunseduay

fuslidudun (white) Tuninwadns



Original Image BINARY BINARY_INV

TRUNC TOZERO TOZERO_INV

5‘1/!777477 6 Image Threshold

17 : opencv
2.8 Contours

Aov Ao v I v

ABLEUN VR U URUUEURT RN YA ATE AU uluAW YiSeLduL UL
lassougusevesinglunm Feaansaldlunisudaweningusevialuam vielumaveuves

[ [

mg Contours gﬂﬁ%ﬂﬁﬁ%ﬂ'}ﬂ%iﬂﬂﬁﬂﬁhq 9 WUNITAUNNAUN (path finding) WTaN15AUM
duvnavesveulaglHidulds (curve tracing) Wevndudunuuidunswieiduldsiidousogniiiaid
Aty Contours fingnldlunisiiasngsigusng (shape analysis) W3eMsszyanuaiziane
v093nq Tnsanunsnmananifdadu (linear features) Wy Auerady, useususn, vidomiud

Tunmiignuusuenlag Contours e 1lusiu



Original Image image with all contours

0 100 200 300 400 500 0 100 200 300 400 500

§UJ77W77 7 Image Contours

717 : evergreenllc2020.medium

2.9 Segmentation

Tunmenisdssanaraninfen seuiunsuusennmeenludiugesninnnununeuag
AN YAUZIANEANLNANNTIITUA 1R8NNI IAMUAYBULUANT DLAULUITENTNAIUA 9 U090
=t 1 v = L7 v & A % = ! (%
Feehunlaelimnuduiusvsednuae iane1iy

Object Instance
Detection Segmentation

gUﬂ’]Wﬁ 8 Image Segmentation

1317 : analyticsvidhya.com
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2.10 Recognition (M333138n13521)
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FUnmi 9 Image Recognition
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3.1 myosnuuuau Software

Tun1seanuuuAIU software Ui un1senLUUlUTWATUYINTZUIUNSIUNSIUAS UTDAL
eglusy Tegluguuuuresdanin men1w Python lagaziin1sin Import library 1l

Tudruvealaniife

import cv2
import numpy as np
import matplotlib.pyplot as plt
image_path = r"C:\U \a \P
preprocess_image(image path):
image = cv2.imread(image_ path)
gray image = cv2.cvtColor(image, cv2.COLOR BGR2GRAY)
resized_image = cv2.resize(gray_image, (300, 300))
sharpened_image = cv2.GaussianBlur(resized_image, (0, 0), 3)
sharpened_image cv2.addWeighted(resized_image, 1.5, sharpened_image, -
)
return sharpened_image
segment_characters(image):
_, binary_image = cv2.threshold(image, 127, 255, cv2.THRESH_BINARY_INV)
contours, _ = cv2.findContours(binary_image, cv2.RETR_EXTERNAL,
cv2.CHAIN_APPROX_SIMPLE)
characters = []
for contour in contours:

area = cv2.contourArea(contour)

if area > 50:
X, Y, W, h = cv2.boundingRect(contour)
character_image = image[y:y+h, Xx:x+w]
characters.append(character_image)
return characters
compare_pixels(pixell, pixel2):
difference = np.abs(int(pixell) - int(pixel2))
return difference
find closest character(pixels, characters):
closest _character =
min_difference = float('inf")
for character_image in characters:
character_pixels = character_image.flatten()
total difference 0
for i in range(len(pixels)):
total_difference += compare_pixels(pixels[i], character_pixels[i])
average difference = total difference / len(pixels)
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if average difference < min_difference:
min_difference = average_ difference
closest_character = character_image
return closest character
preprocessed_image = preprocess_image(image_path)
characters = segment_characters(preprocessed_image)
pixels to_compare = [100, 120, 130, 140, 160, 170, 180, 200]
max_width = max(character.shape[1l] for character in characters)
max_height = max(character.shape[@] for character in characters)
characters_per_row = 5
characters_per_column = (len(characters) + characters per row - 1) //
characters_per_row
canvas_width = max_width * characters_per_row
canvas_height = max_height * characters_per_column
canvas = np.zeros((canvas_height, canvas width), dtype=np.uint8)
for i, character in enumerate(characters):
closest character = find closest character(pixels to compare, [character])
resized character = cv2.resize(closest character, (max_width, max_height))
row = i // characters_per_row
= 1 % characters_per_row
X = col * max_width
y = row * max_height
canvas[y:y+max_height, x:x+max_width] = resized character
original_image = cv2.imread(image_path)
original_image rgb = cv2.cvtColor(original image, cv2.COLOR_BGR2RGB)
fig, axes = plt.subplots(1, 2, figsize=(10, 5))
axes[0@].imshow(original image rgb)
axes[@].set_title("Original Image")
axes[@].axis("off")
axes[1].imshow(canvas, cmap='gray')
axes[1l].set_title("Canvas")
axes[1l].axis("off")
plt.show()
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