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1. EIZATQIH

TN onuepwr emoxn, n enefepyoocia Pnolakwyv ekovwy, Pe tn PonbBela tng teXVoAoyiag, €xel
amAomnolnBei og onUavTko Babuod. AmotéAsopa aUTAG TNG VAOTIolnoNG elval va uttapyouv Stadopa nedia
edappoyng auTng TG TEXVLKNG emefepyaoiag. Kamola and autd ta nedio epappoyng Umopei va sivat n
latpikn, To dwtopovtal, o Kvnupatoypddog, K.a.

‘Eva napadelypa piag tétolag enefepyaoiag swovag Oa pmopouoe va sival n adaipeon piog tpixag amno
To 8€ppa xwplg va yivel epdavng n aAAayr tou S€pUATog oTo pATL Tou Beatr. Ma va emtteuxBel avtn n
enetepyacia Oa mpémel va ulomotnBouv kdmolol alyoplbuol enetepyaciag €lkovag, oL omoiol Ba
S€xovtal wg eloodo TNV ekova aAld og popdn mivaka (matrix) kol ev cuvexeia pe t xprion Stddopwv
MPALEwY KOl PETAOXNUATIOMWY Ba mapdyouv wg €€odo TAAL €va SlAvuopa TOo Omoio pmopsl va
petatparnel otn {NToUUEeVN ELKOVAL.

EmunpooBeta, otnv emoxn pag omou TAEoV TO Internet XpnoLUOTOLEITOL EKTETAUEVA TOOO YLO. BACLKEG
OVAYKEC 00O KAl Lo AVAYKEG TIPOOTLOEUEVNC 0lag, KPLVETAL OKOTILUN N LETAPOPA EPapPLOYWYV TIOU PEXPL
TPOTLVOG XPNOLUOTIOLOUVTAY HUOVO O KAELOTEC TAATHOPHEG (TT.X. EDAPUOYEG YPAUUEVES OMTOKAELOTIKA OF
nepBdAlovta Microsoft Windows) oe meptBaAhov Internet (web apps) kat pdAilota o texvoloyieg mou
elvatl avolktég (5nAadn ektéleon Tou KWSLKA TwV epopoywV os SladopeTikd teptBarlovta kat cuvnOwg
QVOLKTA, OTWG TL.X. Linux servers).

EWSIka, yla epapuoyEg mou avarmtvooovtal og kwdika Matlab kat apopouv enefepyacio elkdvag, mMAEov
UTIAPXOUV avtioTolxeg eVOANAKTIKEG AUOELG avolkToU Kwolka, omwe 1. Octave kal to Open Computer
Vision (OpenCV). & cuvduacuo ldIkd pe tn peyaAn Sieioduon tou Internet, aAAd koL Tnv e€AmMAwon TG
vAwaooag mpoypoppatiopol Python og texvikég avaluong edopévwy, To OpenCV MpPoKPIVETOL WC N
T(POTELVOREVN EVOANAKTIKA yLO TNV avamtuén piag web edappoyng looduvaung os kwdika Matlab.

Ze ouvlLOOUO LAaALoTA LE TV duvatdtnTa Tng Python va xpnotlomnoleital kot ylo avantuén edpappoywy
(pUBULON web server, Snuloupylo SUVOULKOU TIEPLEXOUEVOU LOTOOEAISWV), TPOTELVETAL N XProN €VOG
AoylopwkoU mou ovopddetal Flask, To omolo ival pia lightweighted £k6oon evdg web server mou £xel
avantuxBel og y\wooa mpoypappatiopol Python.

Akoun, ota od£An XpAoNS autwy Twv epyaleiwv Aoylopikol TipootiBetal kot n SlaleltoupykotnTa
ave€apTATWG XPNong AETOUPYLIKOU cuotnuatog (cross-platform interoperability), To omoio onuaivet
TIPOKTLKA OTL N CUYKEKPLUEVN UAomoinon mou Ba meplypadel otn ouvéxela, pmopei va avormtuyBel oe
omolovoNToTe umoAoyLoTh aveapTATwE Aettoupyilkol cuotnuatog (Windows, Linux, MacOS) kaBw¢ kat
va xpnotlponotnBel and onoladnmote cuokeun €xeL mpdoPaocn os web epapuoyEg (PC, kivntd tnAédpwvay).



IKOTOC TNG mapoloag epyaciag €ival n ouvomtiky mapoucioon piag edpappoyng web n omoia Ba
OVTLKOTAOTHOEL LEPOG AELTOUPYIKOTNTAC LA UPLoTapevng epapuoyng uAomolnuévng os kwdika Matlab.

Itnv Evotnta 2 «Xxedlaopog kat Avamtuén Edappoyng» mopoucldletol avaAuTIKA N UPLOTAUEVN
epappuoyn oe Matlab kaBwg kat mola TwRpata tng Ba petadepBolv otnv web edapuoyn, kabwg kat n
XpNon OAwv Twv AMALTOUHUEVWY YLo aUTH TN Stadkacio TexvoloyLwy.

Jtnv Evotnta 3 mopoucialetol avaluTiky Tapouciaon Kol ekTEAeon Tng web epappoyng kabwg Kat
KAmola eVOELKTIKA amoteAéopatd tng. Emiong mapouaoidalovrol avoAuTIKG Kal Ta BAuota yla thv
gykatdotaaon Tou avtiotolyou meptBaliovroc tng web epapuoyng os omolodnimote neptBaiiov.

2tnv Evotnta 4 napouocialovral mola Bpata dev KOAUTTOVTAL KABWE KAl TiBAVEG LEANOVTIKEG BEATIWOELG
™¢ web epaploynG, WG CUUMEPACHOTO KOTA TNV EKTIOVNON TNEG CUYKEKPLUEVNC Epyaciag.

Ytnv Evotnta 5 mapouctdlovtal avoAUTIKA T TUAUOTO TOU KWKo TTou xpnotpomnoliénkayv, Téco ot
Matlab t™¢ udlotapevng edapuoyng, 6co kat oe Python, HTML, JavaScript kat CSS tng véag web
epappoync.

Jtnv Evotnta 6 mapouoialetal, TéAog, n BLBAoypadia mou xpnolponolBnke T0oo yla tn BewpnTikn 600
KOLL YLOL TNV TEXVLKA Bepeliwaon Tng mapoloag epyaaciag.



2. ZXEAIAXMOZ KAl ANAMTY=H EQOAPMOTIHZ

2.1 Metadopa tng uplotapevne Matlab edapuoync oe web app

H ouykekplpévn Matlab edappoyn evw €XEL T TAPAKATW TTAEOVEKTALATAL

e  TayUtnto EKTEAEONG
e Towhia epdaviong ypadlkwyv mopaAcTACEWV
e EUKOAN mopapetpomnoinon

Evtoutolg, €xel kal 8U0 POOLKA HELOVEKTAUATA Ta omoia £pxetal va AUceL n petoadopd tng os web
epappoyn (web app):

e  EKTEAEON HLOVO OTO KAELOTO TtepLBaiAov Tou Matlab (rmou cuvenayetat amokAelotikd xprion PC pe
Microsoft Windows kal avtiotowyn adsita xpriong Aoylopikol Matlab)
e [pooBaocn otnv edappoyn Hovo amno PC kat amd Kapio GAAn GUoKEUN.

Ma autd Aownodv, n petadopd tng Asttoupykotntag tng Matlab edpappoyng oe web mepiBaiiov €xel Ta
€€\ ¢ MAeovekTAATA:

e [IpooBaon g edopuoyng amd kABe cuokeur mou £xel mpooPacn oe web edapuoyég (PC
oave€apTATWE AEITOUPYLKOU cuoTthpatog, Mac, kivntd tnAédpwva, tablets)

e H edappoyr elval EYKATECTAUEVN O £€vav server kot eival mpoofaociun amnd cuvolo
SLadopeTikwV cUCKEUWV TIoU €Xouv cuvSebel e Tov server péow HTTP mpwtokoAAou.

e Amnoucia avdaykng mAnpwpwv license fees yla to Matlab.

e EmutAéov SlaleltoupylkdOTnTa Kol cuppototnta pe dAha mpoypappota (.. mpoconkn véag
AELTOUPYLKOTNTAG 1) EVOG VEOU aAyopiBuou)

H yAwooo mpoypaplatiopoU mou emAEXONKe yLa Thv avantuén tng véag web edpappoyng ivat n Python
SLOTL TtepLEXEL €va PEYAAO OUVOAO UGLOTAEVWY TPOYPAUMATWY Kal BLBAoBnkwv ywa tnv Yndlokn
enefepyacio elkOVWV Kal emmAov Unopel va xpnotpomnotnBet kat yla tnv avantuén web ebappoywv.

Mwo ouykekpléva, ta frameworks mou Ba xpnoiomnolnBouyv eival ta akéAouba:

e Open Comupter Vision (OpenCV): Eivat éva clUvolo BiBAoOnkwv mou umootnpilouv thv
TIAELOVOTNTA TWV AELToupyLwV Tou Matlab 6oov adopad tnv PndLakng emefepyaciog elKOVWY Kal
£xeL avartuxBei otig yAwooeg mpoypappatiopol C++ kat Python. OAa ta emipépoug otolyeio g
BBAL0ONKNC urmopoUV va kKAnBouv avefaptnta amno kaOe epopuoyn (v mMPoKeLUEVW UAOTIOLNUEVN
oe Python).

e  Flask: Eival évag lightweight web server ulomotnpévog os Python omou pmopet va e€umnpetiost
attuota HTTP kat va KOAECEL TTipoypAapaTa Ypappéva og Python.



Eniong, n 6An epudavion tng edappoyng mAcov dev adopd ulomoinon os Matlab aAAd oe HTML, CSS ka
Javascript 6mou mAfov sival mpooBaotpn ano mAnBwpa cUPBATWY CUCKEUWV.

JUVOTITIKA 0TV TIOPAKATW ELKOVA TIEPLYPAdETOL N AELTOUPYLKOTNTA TNC VEAS EDAPUOYAG:

HTML, CSS
&
Javascript

WebApp

Ewova 1: YAoroinon epappoyng web pe xprion texvoloywwv Python (OpencCV, Flask) kat Web (HTML, CSS, JavaScript)

2.2 Xpnon tc¢ BBAL0BRknc OpenCV

H BLBAoBnkn OpenCV mpoodépel peydAn molkiAia Aeltoupylwv Tou xpeltdlovtal ya v Pnduakn
enefepyacio elkOVWV (Kot 0L Lovo) . Mmopei va xpnotpomoinBei pe TG yYAwooeg mpoypappatiopol C++,
Java, C# kat Python.

Mo TIG avaykeg tng mapovoag epyaciag, £xouv xpnotdomnolnBel ol mapakdtw peBodol tou OpenCV:

e EfopdAuvon (Smoothing)
o  Mopdoloyikol petaoyxnuatiopot (Morphological Transformations)
e KAlon (Gradient)

YTn CUVEXELA TIEPLYPAPOVTOL CUVOTTIKA OL AELToUpYieg Ttou Ba xpnotponotnfouyv ava Katnyopio:

2.2.1 E¢opdAuvon (smoothing)

‘Ocov adopd tnv e€opdAuvan, UEAETAUE 2 TTEPUTTWOELG:



1) Hedappuoyn ¢pidtpou oUtws wote va dlaypadei o emumAéov BopuPoc tng lkovag. To Gpidtpo mou
epapudletal, Baoiletal os Evav upnva (kernel), 6mou yla tTig avaykeg tng epyaciag emAEXOnKe
T0 PpiAtpo pe mupnva (nivakag popdng 3x3), To omolo onpaivel OTL yivetal n mpagn tng CUVEALENG
(convolution) Tng apxkNg elkOvag pall e TOV MTOPAKATW TTUPAVA:

1 11
K=(1/9)1 1 1
1 11

H ouykekplpévn mpaén ovopdleTal UTIOAOYLOMOC KaTA LESO Opo (averaging), SnAadrn LETA TV TPAEN TNG
OUVEALENG, Bplokoupe TO HECO OPO TwV pixels Kal TA AVIIKABLOTOUE LE TO KEVIPLIKO PEPOG TNC ELKOVAC.

Ztnv Python, o avtiotolyog kwdikag eivat:
averaging_img = cv2.blur(initial_img,(3,3))

2) Hedapuoyn dpidtpou yila tnv adaipeon tou npocbetikol Gaussian BopUBou (Gaussian Noise), pe
™ xprion mupnva Gaussian’ , 61OV AVTIOTOIXWE ME TA MOPOTIAVW, O AVTIOTOLXOC KWSIKOG O
Python eivat:

Gaussian_averaging_img = cv2.GaussianBlur(initial_img,(3,3),0)

2.2.2 Mopdoloyikot petaoyxnuatiopol (Morphological Transformations)

Ocov adopd TOUC HOPPOAOYIKOUG HETACKNUATIOHOUC MLlag €£lkOvag, eEetalovtol ol TAPaKATW
KoTnyopleg:

1) AwaBpwon (erosion)

H d1aBpwon elkOvVaCg TIPOKUTITEL LETA TN CUVEALEN TNG APXIKAG ELKOVAC LE TO avtioTowo GpiAtpo (Onwg oTig
TAPATIAVW TIEPUTTWOELG) . 3TN CUVEXELO EAEYXETAL AV TO KABE pixel TNG apXLKNG ELKOVAC KoL UTIoAoyileTal
w¢ 1 av 6Aa ta pixels Tou muprva eivat 1 aAAwwg urtodoyiletal wg O (yivetal SnAadn «SlaBpwaon»).

Yuvenwg OAa ta pixels mou Bplokovral og oplakég B£oelg, mapalsinovral, avoldywe Kol ToV TUprvo. Tou
XPNOoLLOTolOUE KABE popd. EToL, n TeAKN elkdva dpaivetal pe ta Alyotepa Suvatd Aeukd pixels.

O avrtiotolyog kwdkog og Python sivat:
eroded_img = cv2.erode(initial_img,kernel,iterations=1)

omovu iterations o aptduog Twv emavaAnPewv tou @iAtpou. (Euncipika, ueta amo nAndog navw amo 2
iterations n etkova TeiVeL va yivel evteAws uavpn piag kot Ja Exouv efadelpVel 0Aa ta yeitovika Asuka
pixels)

2) Awelpuvon (dilation)

ESw TpoKeLTaL yla To aKpLBWE avtiBeto amotédeoua amno tn Stafpwon. Ooo aufdvetal o aplBuog Twv
iterations, T600 To Agukn yivetal n swkova, SLOTL avti va £xoupe adaipson Asukwv pixels, €xoupe
poaconKn.



O avrtiotolyog kwdkag og Python sivat:
dilated_img = cv2.dilate(initial_img,kernel,iterations=1)
3) Avoulypa (opening)

To dvolypa eival to anmotéAseopa av ekteAécoupe Sladoyika SLaBpwaon kat Slelpuvon piag elkovoc. Elval
ula xprown Asttoupyia yia adaipeon tou BopuPou.

O avrtiotolyog kwdkag os Python sivat:
opening_img = cv2.morphologyEx(initial_img, cv2.MORPH_OPEN, kernel)
4) KAeiowo (closing)

To kAeiowo eival akplpwe to avrtiotpodpo amd to avolypa, SnAadn To AMOTEAECUA AV EKTEAEGOULE
Stadoywka Slevpuvon kat StaBpwon tng elkovag. Eival xpriowun Asttoupyia yia adaipeon BopuBou péca
OTO AEUKO TEPlypapUA TNG ELKOVOLC.

O avrtiotolyog kwdkag og Python sivat:
closing_img = cv2.morphologyEx(initial_img, cv2.MORPH_CLOSE, kernel)
5) Top Hat

O Top Hat petaoyxnuatiopdg sival n dtadopd HeTafl TG APXLKAC ELKOVOG KAl TOU avolypatog tg. O
avtiotolyog kKwdikac og Python eivat:

tophat_img = cv2.morphologyEx(initial_img, cv2.MORPH_TOPHAT, kernel)
6) Black Hat rj Bot Hat

O Black Hat rj Bot Hat petaoynuatiopoc eival n dtadopd petafd TNG apXLKhG ELKOVACS KoL TOU KAELGIHATOG
t™¢. O avtiotolyog kwdwacg oe Python sivat:

blackhat_img = cv2.morphologyEx(initial_img, cv2.MORPH_BLACKHAT, kernel)

2.2.3 KAion (Gradient)

H BBALoBrkn Tou OpenCV napéxel tplwv eldwv dpidtpa (uPumepatd f highpass) yla kAlon elkovwy
(image gradient):

e To Sobel'
e To LaplacianV
e Katto Scharr’

ITnv napouvoa gpyacia 6a aocxoAnBoulpe povo e ta didtpa Sobel kat Laplacian



2.3 Avtiotoiyion Aettoupylwv OpenCV pe Matlab

H unapyouoa edpappoyn mou eival uhomolnuévn os kwdika Matlab, €xel mMoAAG Kowvd otolxeio pe Thv
vlormnoinon og OpenCV. Napakdtw otov Mivaka 1 pmopoUpe va S0UE TNV AVILOTOLXLoN TWV AELTOUPYLWY
TIOU UTIAPYOUV TOoo oto Matlab 600 kat oto OpenCV. Kamoleg Asttoupyiec Tou Matlab Sev elval
Sl00éatpeg oto OpenCV kal cuvenwg Ba mpemel gite va avantuyBel avriotolyog LoodUvapog KWK o
Python kal va mpooaptnBei otnv web edappoyn, eite Oa mpémnel va napaleidpOsi anod tn véa vAomoinon
™¢ web ebappoync. Inuelwvetal OtL To poBepa cv2 otn othAn OPENCV(PYTHON) adopd to package
tou OpenCV otnv Python.

MATLAB OPENCV (PYTHON)

imwrite() cv2.imread()

strel(‘line’) Aev untapyet LooSuvapn nebodog

imbothat() cv2.morphologyEx(initial_img, cv2.MORPH_BLACKHAT, kernel)

imadd(imgl,img2) imgl + img2

im2bw() cv2.threshold()

imdilate() cv2.dilate()

rgbimage(:,:,1) img[:,:,0]

roifill() roi.setTo(cv2.Scalar(blue,green,red))

rgb2gray(img) cv2.imread(img_filename,cv2.IMREAD_GRAYSCALE)

wiener2() Aev umapxel Looduvapun péBodoc. Ymapxel OUWG EVAANOKTLKN
uAormoinon og Python mou meplypddetol otn cuvEXELD.

bwmorph() Yrdpyouv wooduvapeg pebodol otnv katnyopia Morphological
Transformations (Yrnoevotnta 2.3.2)

imclose() cv2.morphologyEx(initial_img, cv2.MORPH_CLOSE, kernel)

imerode() cv2.erode()

edge(img,’log’) cv2.Canny() pe eAadpwc SladopeTIKA amoTteAéopaTa

2.4 Xpron Tou Aoyloptkou Flask

Mo va avantuxBbel web edpapuoyr oe Python kot pdAlota pe amA OXETIKA eykatdotacn web server
emAéxOnke to mpdypappa Flask', to omoio eival évag amhdg otnv eykatdotaon Kot cuvapa Suvatdc web
server yla e€umnpétnon http requests kalt emutAéov €xeL AR PN cuppatotnta pe to OpenCV oUTwWE WoTe
O\a to amoteAéopata ektéleong tou OpenCV va smiotpgédovtal wg http responses, eTe WG OTATIKEC
oelibec elte wg api calls.

‘Eva akopa mAeoveKTNUa elval n xprion tou oe Linux server kat oxL povo os Windows server, kaBLotwvtoc
To £toL cross-plarform compatible.



2.5 Texvikol meploplopol otnv web epappoyn

H uetadopa tng edapuoyng Matlab oe webapp katéotn Sduvatry pe tn petadopd NG PAOKAG
AELTOUPYLKOTNTAG TNG, TTOPOAX AUTA UTIAPXOUV KATIOLOL TEXVIKOL TIEpLOPLOOL oL omoioL eplypddovtat
GUVOTTTLKA TIOPOKATW:

H xprion tou Flask server oe cuctApata mapaywyng O6ev TMPoTeiveTal av TPOKELTAL yLO
enetepyacia peydAwv o PEYEBOC EIKOVWVY Kal TTAPAAANAn xprion amod moAoug xpnoteg, Siotl
arottel peyaAUTEPO OGO UVAKNG KOL EMEEEPYAOTIKNG LOXUOG, Adyw TNG Xpnong tng BLBAL0BNKNg
OpenCV oe Python. H taxUtnta ektéheong pmopel va BeAtiwBel av xpnolpomnolnBei n avtiotowxn
ékboon OpenCV oe C++ amnod kamola native epappoyn kat oxL web edappoyn.

Ma TIg avaykeg ¢ mapovoag epyaciog o Flask server £xel mapapetponotnOei yia neptBaiiov
avarmntuéng (dev environment) kat Oyt yla mopaywylkod, cuvenwe Oa untapéel emumAéov overhead.
H ouykekpluévn edpapuoyn os kaBe Bripa eKTEAECNG TWV aAyopiBuwy amobnkevel oTov oKANPO
6loko TIg evOLAPEDEC EIKOVEG, E ATMOTEAECHA VA UTIAPXEL eTLIAEoV 1/O.

Emeldn n apxikn oeAida (entry point) tng epappoyng elval pia otatikr) html ogAida, ol elkoveg
mou poptwvovtal (owg amobnkeutolv Mpoowplvd otnv cache tou browser, onote KaAo sival
UETA TNV €UPAVION TWV ATIOTEAECUATWY TwV aAyopiBuwv va KAslvel kat va avolyel fava to tab
¢ oeAidag otov browser.

H ewova mou elodyetal otnv epapuoyr Oa mpemel va elval oe cuumeopevn popdn JPEG i PNG,
Ue anotéleopa va xavetal nén mAnpodopia otnv apxn tng enefepyaoiag.



3. EKTEAEZH EQAPMOTHZ — ENAEIKTIKA AMOTEAEZMATA

3.1 0Oénylec eykatdaotaong neplBAAOVTOG EPOPLOYNG

Onwg mpoavadépdnke, yia tn Snploupyia Kal eykotaotoon tng ebpapuoyng a xpnolponolnBouv ta €AG
T(POYPAUUATA AOYLOULKOU:

e OpenCV
e Flask

Yt ouvéxela mopatibevtal cuvonTtikd ol odnyieg eykatactacnc oe neptBarlov Ubuntu 20.04 LTS pue
enefepyaotn Intel i7 x64, 8GB RAM:

1) EykaBiotoupe tnv Python3

2) EykaBlotoUpue to pip3: sudo apt install -y python3-pip

3) AnuwoupyoUpe £va €lKOVIKO TieplBalhov ektéleong (virtual environment - venv), uia
AettoupykoTnTa 1ou poadépet n Python3 oUTwe WoTe va eKTEAOUE TO TTPOYPAUATA 0Tt Evav
OUYKEKPLUEVO PAKEAOD KaL va EXOUE OAa Ta amattoUpeva dependencies tng epopuoyng:
sudo apt install python3-venv
source venv/bin/activate

4) EykaBiotoupe to Flask péoa oto ewkovikd meptBariov ektéleanc: pip install Flask

5) EykoaBiotolpe to OpenCV péoa oto elKoVLKO eplBAaMov ektéleong: sudo apt-get install python-
opencv

6) TéMlog, eykaBblotoupe tn BLBALOBNKN numpy: pip install numpy

MA£ov elpaOTE £TOLUOL UE TNV APXLKI EYKATACTAGCHN TOU TEPLBAANOVTOG TTou Ba XpNOLUOTIOL|COUE YL TV
vlormolnon kat eKTEAEDN TNG VEQC LG EPappoynG.

I1n ouvéxela, Ba mapauetpomnoljcoupe to Flask mpokelpévou va dhoevrnoel tnv edappoyr Hag arld
OUYXPOVWG Kal va «cuvdEaely Tn Aettoupylkotnta Tou OpenCV pe tnv web epapuoyn pag.

1) Méoa oto dpdkelo Tou lkovikoU mepLBAAAovToC Tou BplokOpaote, Snloupyol e €va VEo apXEio
pe évopa webapp.py. O kwdLkag Tou apxeiov mapatiBetal otnv evotnta «Mapaptnuoy.

2) Avtiotoixwg otov idlo dakelo dnuoupyoupe €va apyeio index.html to omolo amoteAel kat to
entry point tng edpappoyng pag yla va ermAééoupe kAmolov art’ Toug 5 alyoplBuoug Kal va
aveBacoupe, kaBwg kol To user interface tng epappoyng.

3) Ztov (6lo dpakeho unmopolpe va mpocBecoupe erumAéov logic tng edappoyng mou Ba xpelaotel
(6nwg yla mapdadelypa yla va uvAomoliooupe kdmolwa pEBodo mou Sev meplapBAavetal oto
OpenCV). Ev mpokelpévw, £€xel dnuoupynBei éva apyeio pe ovopa cv_filters.py to omoio
nepAapBAveL ETLMAEOV AELTOUPYIKOTNTA TIOU XpeLaovtal ol aAyoplBpoL kot §gv UTIAPXEL OTO
OpenCV (n xprion tou Wiener ¢iktpou adaipeong BopuBou).



3.2 EktéAeon edappoynC

MA£ov elpaote oTo oTAdLO yLa TNV KTEAEON TNG edappoynG. AkoAouBoU e Ta apakatw Brijato:

Aev xpeldletal va avoifoupe véo terminal SLOTL MPEMEeL va elpaote oTo (610 £LKOVLKO TepLBAAAOV
TIOU TIepLYpAdNKE TMAPATIAVW.

EktedoUpe tnv evtoAn: export FLASK_APP=webapp.py

EktehoU e tnv evtoAn: flask run -host=0.0.0.0

MA£ov o web server tou Flask eival o Asttoupyla kat ploevel tnv epappoyn pag (n edapuoyn
givat mpooBaotun oto link: http://localhost:5000/uploader

Avolyovtag to apyeio index.html pe onolovénnote web browser, epdpaviletal n mapakaTw
ELKOVQL:

c @ [ file:///home/pantelis/Downloads/Project/index.html

Image Shaver Web App

Instructions

1) Choose an algorithm.
2) Upload an image by clicking the Browse... button.
3) Click on Upload Image button.

Choose an algorithm:

Bothat based algorithm
Laplacian based algorithm
Log based algorithm
Logsobel based algorithm

Lls based algorithm

Browse... No file selected.

Upload image

Ewkova 2: Apxikr) oeAida edpappoynig


http://localhost:5000/uploader

3.3 ExtéAeon tng ebappoyng oe Virtual Machine — Evdelktikd anoteAéopata

Ot evotnteg 3.1 Kat 3.2 pnopouv va apaieldpBolyv, av exkteheotel ansuBeiag n edbappoyr anodé KAmoLo
virtual machine oto omoio Ba €xouv ekteAeotel Ta mapandavw Brpata kal TA£ov Ba sipoote og B€on amAa
va eloéABoupe oto url http://telephone.ddns.net:5000/home kat va Sokipdcou e thv web edappoyn.

JTN OUVEXELA €XOUWE KATOLX EVOELKTIKA OMOTEAECUATA TIOU TOpoucLalovTal KOTA TNV €KTEAECH TWV
oAyopiBuwv. OL ahyoplBpuol mou e€etalovtal eival oL €€N¢:

e Bothat

Image Shaver Web App

Instructions

1) Choose an algorithm.
2) Upload an image by clicking the Browse... button.
3) Click on Upload Image button.

Choose an algorithm:

® Bothat based algorithm
. Laplacian based algorithm
(' Log based algorithm

' Logsobel based algorithm

) Lls based algorithm

| Choose File |169.jpg

| Upload image |

Ewodva 3: Ertioyn ayopibupou BotHat


http://telephone.ddns.net:5000/home

1) AVERAGE FILTER TRANSFORMATION 2) LAPLACIAN TRANSFORMATION

3) SUBTRACTED IMAGE 4) BOTHAT TRANSFORMATION

5) DILATED IMAGE 6) FINAL IMAGE

Ewkova 4: Bijpata ektéAeong BotHat aAyoptOpou — EVSEIKTIKA amoteAéopaTa



Laplacian

Image Shaver Web App

Instructions

1) Choose an algorithm.

2) Upload an image by clicking the Browse... button.
3) Click on Upload Image button.

Choose an algorithm:

' Bothat based algorithm

® Laplacian based algorithm
0 Log based algorithm

' Logsobel based algorithm

' Lls based algorithm

| Choose File |169.jpg

| Upload image |

Ewkova 5: Emloyn aAyopiBuov Laplacian



localhost:5000/uploader

LAPLACIAN BASED ALGORITHM - STEPS:

1) LAPLACIAN TRANSFORMATION 2) SUBTRACTED IMAGE

3) BLURRED IMAGE 4) LOG EDGE DETECTION IMAGE

gy -

5) IMAGE CLOSING 6) IMAGE DILATION
- ; ;

7) FINAL IMAGE

Ewkova 6: Bpata ektédeong Laplacian aAyoplOpou — EVEeLKTIKA amoteAéopata



[ven] [ filey///home/pantelis/Downloads/Project/index.html

Image Shaver Web App

Instructions
1) Choose an algorithm.

2) Upload an image by clicking the Browse... button.
3) Click on Upload Image button.

Choose an algorithm:

0 Bothat based algorithm

© Laplacian based algorithm
@ Log based algorithm

) Logsobel based algorithm

0 Lls based algorithm

| Choose File |169.jpg

| Upload image |

Ewkova 7: Enidoyr) aAyopiBpou LoG (Laplacian Of Gaussian)



LOG BASED ALGORITHM - STEPS:

1) RED CHANNEL OF IMAGE 2) LOG EDGE DETECTION IMAGE

3) IMAGE DILATION 4) IMAGE EROSION

<) NVIAIL Wik

Ewkova 8: Brjpata ektéAeong LoG aAyopilBpou — EVSELKTIKA anoteAéopata



e Logsobel

[ven] [  File:///home/pantelis/Downloads/Projeckfindex.html

Image Shaver Web App

Instructions

1) Choose an algorithm.
2) Upload an image by clicking the Browse... button.
3) Click on Upload Image button.

Choose an algorithm:

' Bothat based algorithm

' Laplacian based algorithm
' Log based algorithm

® |Logsobel based algorithm

 Lls based algorithm

| Choose File |169.jpg

| Upload image |

Ewkova 9: Emloyn aAyopibuouv LoG-Sobel



3) SOBEL EDGE DETECTION IMAGE 4) LOG+SOBEL IMAGE
LOGSOBEL BASED ALGORITHM - STEPS:

1) RED CHANNEL OF IMAGE 2) LOG EDGE DETECTION IMAGE

5) IMAGE DILATION 6) FINAL IMAGE

Ewkéva 10: Entidoyn alyopiBuou LoG-Sobel



Lls

& BB | [ven] [ fFiley//fhome/pantelis/Downloads/Project/index.html

Image Shaver Web App

Instructions
1) Choose an algorithm.

2) Upload an image by clicking the Browse... button.
3) Click on Upload Image button.
Choose an algorithm:

Bothat based algorithm

Laplacian based algorithm

Log based algorithm

Logsobel based algorithm

@ Llis based algorithm

| Choose File |169.jpg
| Upload image |

Ewéva 11: Ertioyn aAyopibpou Lis

C 8 | [y @ localhost:5000/uploader

LLS BASED ALGORITHM - STEPS:

1) LAPLACIAN IMAGE 2) SUBTRACTED IMAGE
\ 7 . -

LOG EDGE DETECTION IMAGE 4) SOBEL EDGE IMAGE

5) LOG+SOBEL IMAGE 6) WIENER FILTER IMAGE

Ewova 12 (1/2): Bipata ektéleong Lis aAlyoplOpou — EvEEIKTIKA anoteAéopata



8) IMAGE EROSION

Ewéva 13 (2/2): Bipata ektéAeong Lis aAdyoptOpou — EvEEIKTIKA anoteAéopata

3.4 Nepypadn Kwdka ePpapuoync

H ouykekpluévn edappoyn €xeL avamtuxBel 6oov adopd to backend koppdrt oe Python (Flask web app)
koL og html, css kat javascript oto front end koppdrtL.

Ze otL adopa Tov kKwdika Python, akoAouBel olvtoun meplypadn Tou KWSLKA IOV avamtuXOnke:

webapp.py

from flask import Flask, render_template, request
from cv_{filters import WienerFilter

import cv2 as cv

import numpy as np

ApxLKA, elodyou e TiG KAAaoelg Flask kat request kaBwg kat tn uEBod render_template() mou yxpeldlovtal
yla tn Swaxeipion twv awtnuatwv http requests mou Ba Séxetal n edpoppoyn Kot avoAdywg Ttou
oAyopiBuou mou O a emihexOsi, va xpnotpomnotnBei kat n avtiotowyn HEBodog kat oto TENOC va epdaviost
TO BrOTa LE TA avTioTOoLXa AmOoTEAECUATA.



2T CUVEXELX l0AYOUE TN BLBAL0BNKN OpenCV n omnola otnv Python dnAwvetal wg cv2, KabBwg Kal T
BLBAL0OrKN NumPy" rtou xpetdovtat yla T pabnuatikéc Mpaéels Twv elkOVwyY Kat twv Gidtpwv mou Ba
xpnotpomnotnBouv o KABe alyoplOpo.

TéNog €xoupe Kkal tn BonBntikn kKAdon WienerFilter mou mepiypadetal kat oto Mapdptnua 5 yla va
vlorowooupe to Wiener ¢diktpo mou v umtdpyel apeca otnv BLBALoOnkn OpenCV.

app = Flask(__name__)

ESw SnAwvoupe éva véo instance tng kKAaong Flask 6mou Ba pmopéocoupe va XpnoLULOTIOLOOUE 0T
CUVEXELX Yla TNV Web edappoyn.

@app.route('/uploader’, methods = ['GET', 'POST'])

ESw SnAwvoupe évav Kavova yla va KaAéooupe Tnv web edappoyr pag (/uploader) kat prmopolpe va
TNV KaAEoou e gite pe HTTP GET eite pe HTTP POST péBodo. Itnv mapouoa epyacia Oa thv KaAEGoupe
pe POST pébodo.

def upload_file():
if request.method == 'GET":
return 'GET Method not allowed’

ESw dnAwvoupe tn uéBodo upload_file mou Ba kAnBel amod tnv web ¢poppa tou client kat emitpénoupe
povo HTTP POST kAnon.

if request.method == 'POST':
f = request.files[file']
ESw maipvoupe to apyeio TN elkovag Tou e0TAAN amo tov client.

if request.form['algorithm'] == 'bothat'":
init_img = cv.imread(f.filename)
img = cv.imread(f.filename, cv.IMREAD_GRAYSCALE)
avg_img = cv.blur(img, (3,3))
cv.imwrite('static/img/bothat/avg_img_'+f.filename,avg_img)
avg_img_fname = 'static/img/bothat/avg_img_"+ f.filename
laplacian_img = cv.Laplacian(avg_img,cv.CV_64F)
cv.imwrite('static/img/bothat/laplacian_img_"+f.filename,laplacian_img)
laplacian_img_fname = 'static/img/bothat/laplacian_img_" + f.filename
subtracted_img = avg_img - laplacian_img
cv.imwrite('static/img/bothat/subtracted_img_"+f.filename,subtracted_img)
subtracted_img_fname = 'static/img/bothat/subtracted_img_' + f.filename
kernel = cv.getStructuringElement(1, (17, 17))
bothat_img = cv.morphologyEx(subtracted_img, cv.MORPH_BLACKHAT, kernel)
cv.imwrite('static/img/bothat/bothat_img_'+f.filename,bothat_img)
bothat_img2 = cv.imread('static/img/bothat/bothat_img_"+f.filename, 0)
bothat_img_fname = 'static/img/bothat/bothat_img_' + f.filename
#adj_img = imadjust(bothat_img)
ret,thresh2 = cv.threshold(bothat_img2, 10, 255, cv.THRESH_BINARY+cv.THRESH_OTSU)
kernel = np.ones((1,1),np.uint8)
dilated_img = cv.dilate(thresh2,kernel,iterations = 1)
cv.imwrite('static/img/bothat/dilated_img_"+f.filename,dilated_img)
dilated_img_fname = 'static/img/bothat/dilated_img_' + f.filename
res_img = cv.inpaint(init_img,thresh2,1,cv.INPAINT_TELEA)
cv.imwrite('static/img/bothat/res_img_'+f.filename,res_img)
res_img_fname = 'static/img/bothat/res_img_' + f.filename
return render_template('bothat.html', avg_img = avg_img_fname, laplacian_img = laplacian_img_fname, subtracted_img =
subtracted_img_fname, bothat_img = bothat_img_fname, dilated_img = dilated_img_fname, res_img = res_img_fname)

ESw meplypadetal o alyoplBuog bothat 6mou apxkd LETATPEMOULE TNV ELKOVA O€ YKPL EKSOXN TNC. 2TN
ouvexela dnuoupyoupe éva diktpo blur 3x3 kat otn cuvéxela edapuoloupie Tov teheotn Laplacian. tn
ocuveéxela Oa adoatpéooupe Ti¢ SU0 elkdveG Kot oto anotéAeopa Oa epappodooups tov odyoplOpo BotHat



(n BlackHat onwc untdpyetl oto OpenCV). Itn cuvéxela, Ba edbapudooupe binary mask pe tn péodo Otsu
TUPOKELUEVOU OL TPiXEC (EV TPOKELUEVW) va edaVIOTOUV 0OV ACTIPEG TIEPLOXEC KAL TO UTTOAOLTTO S€pUa pia
powpn meploxn. 2tn ouvéxela edpappoloupe dilation mpokeléVOU va evioxuBel To TAXOG TWV TPLXWV TNG
T(PONYOUUEVNG ELKOVAG. TN CUVEXELA, KAAOUUE Th HEB0SO cv.inpaint() mpokelévou va epapUOCOUE
adaipeon Twv TPYWV OTNV TEAKN €lkova. TEAog, kaAoUue tnv render_template péBodo tou Flask
T(POKELUEVOU va eTiotpéPoupe ta dedopéva otn aeAida.

if request.form['algorithm'] == 'laplacian':
init_img = cv.imread(f.filename)
img = cv.imread(f.filename, cv.IMREAD_GRAYSCALE)
laplacian_img = cv.Laplacian(img,cv.CV_64F)
cv.imwrite('static/img/laplacian/laplacian_img_'+f.filename,laplacian_img)
laplacian_img_fname = 'static/img/laplacian/laplacian_img_'+ f.filename
subtracted_img = img - laplacian_img
cv.imwrite('static/img/laplacian/subtracted_img_"+f.filename,subtracted_img)
subtracted_img_fname = 'static/img/laplacian/subtracted_img_" + f.filename
subtracted_img = cv.imread('static/img/laplacian/subtracted_img_'+f.filename, cv.IMREAD_GRAYSCALE)
blurred_img = cv.medianBlur(subtracted_img,3)
cv.imwrite('static/img/laplacian/blurred_img_"+f.filename,blurred_img)
blurred_img_fname = 'static/img/laplacian/blurred_img_' + f.filename
log_edge_detection_img = cv.Canny(blurred_img, 100, 200)
cv.imwrite('static/img/laplacian/log_edge_detection_img_'+f.filename,log_edge_detection_img)
log_edge_detection_img_fname = 'static/img/laplacian/log_edge_detection_img_" + f.filename
kernel = np.ones((5,5),np.uint8)
close_img = cv.morphologyEx(log_edge_detection_img, cv.MORPH_CLOSE, kernel)
cv.imwrite('static/img/laplacian/close_img_"+f.filename,close_img)
close_img_fname = 'static/img/laplacian/close_img_"+ f.filename
ret,thresh2 = cv.threshold(close_img, 10, 255, cv.THRESH_BINARY+cv.THRESH_OTSU)
kernel = np.ones((1,1),np.uint8)
dilated_img = cv.dilate(thresh2,kernel,iterations = 1)
cv.imwrite('static/img/laplacian/dilated_img_"+f.filename,dilated_img)
dilated_img_fname = 'static/img/laplacian/dilated_img_' + f.filename
res_img = cv.inpaint(init_img,thresh2,1,cv.INPAINT_TELEA)
cv.imwrite('static/img/laplacian/res_img_"+f.filename,res_img)
res_img_fname = 'static/img/laplacian/res_img_" + f.filename
return render_template('laplacian.html’, laplacian_img = laplacian_img_fname, subtracted_img = subtracted_img_fname, blurred_img
= blurred_img_fname, log_edge_detection_img = log_edge_detection_img_fname, close_img = close_img_fname, dilated_img =
dilated_img_fname, res_img = res_img_fname)

ESw meplypadetal o alyoplbuog Laplacian o omoiog eival mapopolog pe tov BotHat amAd yivovtal kamoto
Sladopetikd Prpata petd tov tedeotr Laplacian kal mo cuykekplpéva , xpnolpomnoleital ¢idtpo
MedianBlur, otn cuvéxela ebappoletal to LoG Edge Detection péow tng peBd8ou Canny" tou OpenCV .
YT ouvéxela edpapuoletol o HopdOAOYIKOG LETACKNUATIONOG TOU KAELGILOTOG OTwC avadEépBnke Kot
otnv TponyoUUevn evotnta, Hetd dilation kal peTd TMAAL OpoOlwG HE TOV TAPATAVW OAyoplBuo
edapuoloupe to diktpo yla va adalpeBolv ot tpixeg and to Séppa. TENog, emotpédoupe ta Sedopéva
otn oeAiba.

if request.form['algorithm'] == 'log":
init_img = cv.imread(f.filename)
red_img = init_img.copy()
red_img[:, :, 0] =0
red_img[:, :, 1] =0
cv.imwrite('static/img/log/red_img_"+f.filename,red_img)
red_img_fname = 'static/img/log/red_img_'+ f.filename
red_img = cv.imread(red_img_fname, cv.IMREAD_GRAYSCALE)
cv.imwrite('static/img/log/red_img_gray_'+f.filename,red_img)
red_img_fname = 'static/img/log/red_img_gray_'+ f.filename
blur = cv.GaussianBlur(red_img,(3,3),0)
log_edge_detection_img = cv.Laplacian(blur,cv.CV_64F)
cv.imwrite('static/img/log/log_edge_detection_img_'+f.filename,log_edge_detection_img)
log_edge_detection_img = cv.imread('static/img/log/log_edge_detection_img_'+f.filename, cv.IMREAD_GRAYSCALE)



log_edge_detection_img_fname = 'static/img/log/log_edge_detection_img_' + f.filename

kernel = np.ones((1,1),np.uint8)

dilated_img = cv.dilate(log_edge_detection_img,kernel,iterations = 1)

cv.imwrite('static/img/log/dilated_img_'+f.filename,dilated_img)

dilated_img_fname = 'static/img/log/dilated_img_' + f.filename

eroded_img = cv.erode(dilated_img, kernel, iterations =1)

cv.imwrite('static/img/log/eroded_img_'+f.filename,eroded_img)

eroded_img_fname = 'static/img/log/eroded_img_' + f.filename

res_img = cv.inpaint(init_img,eroded_img,1,cv.INPAINT_TELEA)

cv.imwrite('static/img/log/res_img_'+f.filename,res_img)

res_img_fname = 'static/img/log/res_img_" + f.filename

return render_template('log.html’, red_img = red_img_fname, log_edge_detection_img = log_edge_detection_img_fname, dilated_img
=dilated_img_fname, eroded_img = eroded_img_fname, res_img = res_img_fname)
ESw edapudloupe tov aAyoplBuo LoG, 6mou apxLka Taipvoupe TNV KOKKLVN €KSOXN TNG ELKOVOC, TNV
UETOTPEMOUUE o€ LoodUvaun ykpL ekdoxn tne, epapuoletal o Gaussian alyoplBuog ya to blurring tng
£IKOVOG KOl OPEOWG META o avtiotowxog Laplacian, otn ouvéxela spapuolovral ot popdoAoyikol
petaoyxnuatiopot dilation kal erosion kat oto téAog TAAL ebapudletal To avtiotolyo ¢iltpo yla va

adalpeBolv ol Tpixec kal amootéAAovtal Ta dedopéva atn oeAida.

if request.form['algorithm’'] == 'logsobel’:

init_img = cv.imread(f.filename)

red_img = init_img.copy()

red_img[:, :, 0] =0

red_img[:, :, 1] =0

cv.imwrite('static/img/logsobel/red_img_'+f.filename,red_img)

red_img_fname = 'static/img/logsobel/red_img_'+ f.filename

red_img = cv.imread(red_img_fname, cv.IMREAD_GRAYSCALE)

cv.imwrite('static/img/logsobel/red_img_gray_'+f.filename,red_img)

red_img_fname = 'static/img/logsobel/red_img_gray_'+ f.filename

blur = cv.GaussianBlur(red_img,(3,3),0)

log_edge_detection_img = cv.Laplacian(blur,cv.CV_64F)

cv.imwrite('static/img/logsobel/log_edge_detection_img_'+f.filename,log_edge_detection_img)

log_edge_detection_img = cv.imread('static/img/logsobel/log_edge_detection_img_"+f.filename, cv.IMREAD_GRAYSCALE)

log_edge_detection_img_fname = 'static/img/logsobel/log_edge_detection_img_" + f.filename

grad_x = cv.Sobel(log_edge_detection_img, cv.CV_16S, 1, 0, ksize=3, scale=1, delta=0, borderType=cv.BORDER_DEFAULT)

grad_y = cv.Sobel(log_edge_detection_img, cv.CV_16S, 0, 1, ksize=3, scale=1, delta=0, borderType=cv.BORDER_DEFAULT)

abs_grad_x = cv.convertScaleAbs(grad_x)

abs_grad_y = cv.convertScaleAbs(grad_y)

sobel_edge_detection_img = cv.addWeighted(abs_grad_x, 0.5, abs_grad_y, 0.5, 0)

cv.imwrite('static/img/logsobel/sobel_edge_detection_img_"+f.filename,sobel_edge_detection_img)

sobel_edge_detection_img_fname = 'static/img/logsobel/sobel_edge_detection_img_"+ f.filename

add_binary_img = log_edge_detection_img + sobel_edge_detection_img

cv.imwrite('static/img/logsobel/add_binary_img_'+f.filename,add_binary_img)

add_binary_img_fname = 'static/img/logsobel/add_binary_img_'+ f.filename

kernel = np.ones((1,1),np.uint8)

dilated_img = cv.dilate(add_binary_img,kernel,iterations = 1)

cv.imwrite('static/img/logsobel/dilated_img_"+f.filename,dilated_img)

dilated_img_fname = 'static/img/logsobel/dilated_img_' + f.filename

res_img = cv.inpaint(init_img,dilated_img,1,cv.INPAINT_TELEA)

cv.imwrite('static/img/logsobel/res_img_'+f.filename,res_img)

res_img_fname = 'static/img/logsobel/res_img_' + f.filename

return render_template('logsobel.html’, red_img = red_img_fname, log_edge_detection_img = log_edge_detection_img_fname,
sobel_edge_detection_img = sobel_edge_detection_img_fname, add_binary_img = add_binary_img_fname, dilated_img =
dilated_img_fname, res_img = res_img_fname)

ESw edappdletal o alyoplbuog LoG — Sobel, 6mou opota pe tov mapandvw alyoplduo LoG naipvoupe
TNV KOKKLVN KOL OTN CUVEXELX TN YKPL EKSOXN TNG ELKOVAG, akoAouBoUpe OAa Ta Bripata Onwe Kal oTov
LoG aAy6pLlOpo, aAhd rtapdAAnAo ebappdloupe kattov ahyoptOpo Sobel™ kot otn ouvéxeta edapudloupe
dilation kat avtiotowa yivetat adaipeon Twy TpLxwV Kat amootéAhovtol ta Sedopéva otn oeliba.

if request.form['algorithm'] == "lIs":
init_img = cv.imread(f.filename)



img = cv.imread(f.filename, cv.IMREAD_GRAYSCALE)

laplacian_img = cv.Laplacian(img,cv.CV_64F)

cv.imwrite('static/img/lls/laplacian_img_"+f.filename,laplacian_img)

laplacian_img_fname = 'static/img/lls/laplacian_img_'+ f.filename

subtracted_img = img - laplacian_img

cv.imwrite('static/img/lls/subtracted_img_"+f.filename,subtracted_img)

subtracted_img_fname = 'static/img/lls/subtracted_img_' + f.filename

blur = cv.GaussianBlur(subtracted_img,(3,3),0)

log_edge_detection_img = cv.Laplacian(blur,cv.CV_64F)

cv.imwrite('static/img/lls/log_edge_detection_img_"+f.filename,log_edge_detection_img)

log_edge_detection_img = cv.imread('static/img/lls/log_edge_detection_img_'+f.filename, cv.IMREAD_GRAYSCALE)

log_edge_detection_img_fname = 'static/img/lls/log_edge_detection_img_' + f.filename

grad_x = cv.Sobel(log_edge_detection_img, cv.CV_16S, 1, 0, ksize=3, scale=1, delta=0, borderType=cv.BORDER_DEFAULT)

grad_y = cv.Sobel(log_edge_detection_img, cv.CV_16S, 0, 1, ksize=3, scale=1, delta=0, borderType=cv.BORDER_DEFAULT)

abs_grad_x = cv.convertScaleAbs(grad_x)

abs_grad_y = cv.convertScaleAbs(grad_y)

sobel_edge_detection_img = cv.addWeighted(abs_grad_x, 0.5, abs_grad_y, 0.5, 0)

cv.imwrite('static/img/lls/sobel_edge_detection_img_"+f.filename,sobel_edge_detection_img)

sobel_edge_detection_img_fname = 'static/img/lls/sobel_edge_detection_img_'+ f.filename

add_binary_img = log_edge_detection_img + sobel_edge_detection_img

cv.imwrite('static/img/lls/add_binary_img_"+f.filename,add_binary_img)

add_binary_img_fname = 'static/img/lls/add_binary_img_'+ f.filename

input_img = cv.imread(add_binary_img_fname, cv.IMREAD_GRAYSCALE)

wiener_filter = WienerFilter(input_img, (5,5))

wiener_output_img = wiener_filter.estimateOutput()

cv.imwrite('static/img/lls/wiener_output_img_'+f.filename,wiener_output_img)

wiener_output_img_fname = 'static/img/lls/wiener_output_img_'+ f.filename

wiener_output_img = cv.imread(wiener_output_img_fname, cv.IMREAD_GRAYSCALE)

ret,thresh2 = cv.threshold(wiener_output_img, 10, 255, cv.THRESH_BINARY+cv.THRESH_OTSU)

kernel = np.ones((1,1),np.uint8)

dilated_img = cv.dilate(thresh2,kernel,iterations = 1)

cv.imwrite('static/img/lls/dilated_img_'+f.filename,dilated_img)

dilated_img_fname = 'static/img/lls/dilated_img_' + f.filename

eroded_img = cv.erode(dilated_img, kernel, iterations =1)

cv.imwrite('static/img/lls/eroded_img_'+f.filename,eroded_img)

eroded_img_fname = 'static/img/lls/eroded_img_' + f.filename

res_img = cv.inpaint(init_img,eroded_img,1,cv.INPAINT_TELEA)

cv.imwrite('static/img/lls/res_img_"+f.filename,res_img)

res_img_fname = 'static/img/lls/res_img_' + f.filename

return render_template('lls.html’, laplacian_img = laplacian_img_fname, subtracted_img = subtracted_img_fname,
log_edge_detection_img = log_edge_detection_img_fname, sobel_edge_detection_img = sobel_edge_detection_img_fname,
add_binary_img = add_binary_img_fname, wiener_output_img = wiener_output_img_fname, dilated_img = dilated_img_fname,
eroded_img = eroded_img_fname, res_img = res_img_fname)

ESw edappdletal o alyoplBuog Lis o omolog sival mapopolog pe tov napanavw LoG — Sobel, edw opwg
umapxet n Stadopa OtL epapuoletal Kal n texviky ¢idtpou Wiener, to omoio Ppioketal oto apyeio
cv_filters.py, omwg mepypddetal mapakdaTw:

cv_filters.py

import cv2 as cv
import numpy as np

class WienerFilter():
def __init__(self, input, filter_size):

self.input = input

self.filter_size = filter_size

if(input.ndim !=2):
print("Image not 2d")

ifffilter_size[0]%2 != 1 or filter_size[1]%2 != 1 or filter_size[0]<=1 or filter_size[1]<=1):
print("Invalid filter dimension")

def estimateOutput(self):
means = cv.boxFilter(src=self.input, ddepth=cv.CV_64F, ksize=tuple(self.filter_size), anchor=(-1,1), normalize=True,
borderType=cv.BORDER_REPLICATE)



square_means = cv.sqrBoxFilter(src=self.input, ddepth=cv.CV_64F, ksize=tuple(self.filter_size), anchor=(-1,1), normalize=True,
borderType=cv.BORDER_REPLICATE)

means2 = cv.multiply(means, means)

#calculating the variance matrix
variances = square_means - means2

# estimating noise variance by finding projections across length and width
avgVarianceMat = cv.reduce(variances, 1, cv.REDUCE_SUM, -1)
avgVarianceMat = cv.reduce(avgVarianceMat, 0, cv.REDUCE_SUM, -1)

noiseVar = np.asscalar(avgVarianceMat/self.input.shape[0] * self.input.shape[1])

y = np.zeros(self.input.shape)
for row in range(self.input.shape[0]):
for col in range(self.input.shape[1]):
y[row][col] = means[row][col] + max(0, variances[row][col] - noiseVar) * (self.input[row][col]-
means[row][col])/max(variances[row][col], noiseVar)

returny

def estimateOutputColorised(self):
# get all local means in
means = cv.boxFilter(src=self.input, ddepth=cv.CV_64F, ksize=tuple(self.filter_size), anchor=(-1,1), normalize=True,
borderType=cv.BORDER_REPLICATE)
square_means = cv.sqrBoxFilter(src=self.input, ddepth=cv.CV_64F, ksize=tuple(self.filter_size), anchor=(-1,1), normalize=True,
borderType=cv.BORDER_REPLICATE)

means2 = cv.multiply(means, means)
variances = square_means - means2

avgVariance = cv.reduce(variances, 0, cv.REDUCE_SUM, -1)
avgVariance = cv.reduce(avgVariance, 1, cv.REDUCE_SUM, -1)

noiseVar = avgVariance/self.input.shape[0] * self.input.shape[1] * self.input.shape[2]
noiseVar = np.reshape(noiseVar, (1,3))
y = np.zeros(self.input.shape)

for row in range(self.input.shape[0]):
for col in range(self.input.shape[1]):
y[row][col] = self.saturate_cast(means[row][col] + np.maximum(np.zeros(noiseVar[0].shape), variances[row][col] - noiseVar[0]) *
(self.input[row][col]-means[row][col])/np.maximum(variances[row][col], noiseVar[0]))

returny
def saturate_cast(self, val):

ifval.any() < 0:
return np.array([255, 255, 255])
elif val.any() >255:
return np.array([255,255, 255])
return val
omou pmopei va xpnowuomolnBei eite ya £yxpwun swova (RGB) eite ywa ykpL (grayscale) mou

XPNOLUOTIOLELTOL OTNV TTapoUoa epyacia.



4. 2YMMNEPAZMATA — EMTOMENEZ ENEPTEIE2

4.1 MAgoveKkTHATA

To TTAEOVEKTAMATA TTOU UTIAPXOUV ATt TNV aVAITTUEN TG edpapUoynG CUVOTTIKA eival ta akoAouBa:

Me tn xpnion t™g BBAloBnkng OpenCV kot TN Xprion tn¢ yAwooag Python, umopolue va
petatpéPoupe oxedov OAeG TIG AetToupyLkOTNTEC Pndlakng emefepyaoiog eikovag tou Matlab oe
web edapuoyEg, Kavovtag £T0L TPOOBACIUES Ao TTOAAEG KIVNTEG OUOKEUEC KAl UTIOAOYLOTEG
ave€apTATWG AELTOUPYLKOU CUCTAUATOC.

O \dyog xpnowomoinong tou Flask web server ntav eneldr] umopoUUe e TN yvwon UOVO Hiag
vAwooag mpoypoppatiopol (Python ev mpokelpévw) va avamtuéoups web edappoyn kat
napAdAAnAa va aflomolioou e Tig Suvatotnteg tou OpenCV.

H Aettoupytkotnta tou OpenCV mA£ov pUmopei va KoTavaAwBOel os TLo HOVTEPVEG TEXVOAOYieg web
(rm.x. xpnon web services, web APIs, kTA.).

4.2 Melovektripata

AvtioTolya pe ta TMAEOVEKTAPATA TIOU TpoavadEpBnKay, UTIAPXOUV aVTLOTOLYOL KOl TO TTOPOKATW
UELOVEKTHOTOL:

H AelToupyLKOTNTA TNG CUYKEKPLUEVNG EdapuoynG emdéxeTal BeATiwong 1000 o€ enimedo KWSLKA
(rm.x. xpnowuomoinon meplocotepwv OOP* Aettoupylwv aAld Kal xpnotpomnoinon Alyotepwv 1/0
AELTOUPYLWV TIPOKELEVOU Va BeATIWOEL N TaxUTnTa eKTEAEDNC.

H ouyKeKpLUEVN EPapPUOYN ETUTPEMEL TNV ELCAYWYN LOVO Hiag elkovag. MeAAovTikd Ba pnmopouce
va €LOAyeTaL TTANB0G LKOVWY Kal va yivetat mapdAAnAn kat distributed eneepyaoia toug.

H uAomoinon Twv aAyopiBuwy €yLve MPOOCEYYLOTIKA OTO AMOTEAECHATA TOU LooSUvapou Matlab
Kwdka kal mpodavwg emibéxetal PBeAtiwong (yia mopddelypa xprion binary mask mou
gudavilouv TIC TPIXEG TNC ELKOVOC OKOUO TILO €VTOVA YLOL TNV OUaAOTEPN Slaypadn Toug amod thv
TEAKN ELKOVQ).

Eldka yla autr) tnv epyacia, To meptBaAlov Tou web server pnopet va pavel aotabég Hetd Tny
ektéAeon moOMwv enefepyaciwv pe omotéleopa va epdavilel cached data 1 kdmoleg
dwroypadisg va pnv Tig avayvwpilel oav éykupa Sedopéva. Auto prmopei va emiluOei og emopevn
£€k6oon tTNg epapUOYNC 1 KE Tpomomoinon tou configuration Tou cuctipaTog mou dpLlogevel tnv
ebappoyn. Méypt otypric phogeveital oevirtual development environment (Python venv?) rou
TpoKpilveTal we N kaAUtepn emdoyn yia development kat 6xtL production meptpaAiovra.



4.3 EVOANQKTIKEC ETUAOYEC

Mépav tng vAomoinong tng web edappoyng os OpenCV kat Flask urtdpyxouv ot €€ ¢ eVAANOKTLKES
ETUAOVYEG:

Xpnon tou Django server avti yia to Flask: Mo otaBepdg kat aflomiotog web server pe
TEPLOOOTEPEG EMNOYEC AANG Kl peyaAUtepo Babpo SuokoAiog configuration cuyKpLTIKA HE TO
Flask. Elvaw emiong uAomotnévog og Python.

Xpnon uiog ekdoxng tou OpenCV os ASP.NET CH/VB.NET meptBdaiAov (https://www.emgu.com )
TIou €xeL tn duvatotnta xpriong tou os ASP.NET edappoyEg, povo mou ival dtabgoiuo povo yla
Windows servers.

Xpnon tou OpenCV.js (https://docs.opencv.org/3.4/d5/d10/tutorial js root.html ) mou eivat
ouppato pe tov Node Js server kot eivatl cupPBATO pe OAEG TIC TTAATPOPHEG.

4.4 Nibaypuata (Lessons Learned)

Karmola Baotka onpeia mou Ba ipenel va 500l mpoooyn Katd TV eKTéAsan NG epapUoyng, KAmoLa
amno ta onola €xouv 6N avadepbei kot Ba cuunepndBolv mapakdtw sivat Ta €€Ng:

OLo06nyleg ektéleong tng epappuoyng Bplokovratl otig untoevotnteg 3.1 kot 3.2.

To apxeia kot n Sopun Tng edpoppoyng meplypadovtal otnv evotnta 5.1 tou Mapaptuatog.

H edappoyn punopei va eykatootabei os onolodnmote meptBarlov Windows, Linux, MacOS pe
gykateotnuévn tnv Python 3.x (umopel va eykataotabei kot og Python 2.x, amAd kamola
dependencies tou OpenCV kat tou NumPy pnopet va pn Aeltoupyroouv ocwotd. ErutAéov e
v Python 3.x n eykatdotaon emumAéov packages givat oAU 1o eUKOAN Kat ypriyopn oo to
pip).

H edappoyn d€xetal we eicodo pia elkdva, omote yla peyalutepo MARO0C elkovwy, Ba mpémel
va eKTEAECTOUV Eava Ta 16La Bripata mou meplypadovtat otny unoevotnta 3.3 yla KaBe elkova.
Ol peydAeg elkdveg (eite peyalutepeg anod 500x500 pixels, ite pey£Boug peyaAlTtepou Twv
500KB) fj autég rtou dev eival tng popdrc JPEG/PNG umopel va mpokaAéoouv exceptions Katd
NV ektéAeon TNC edopUOoynG.

To I/0 tng udlotapevng ebapUOYAC YEVIKA Sev eival BEATLOTO KL aUTO yLati yia kabe Brpa tou
aAyopiBuou undpyel amoBrikeuon TG elkovag oto filesystem kat otn cuvéxela AVoLypO TOU
opxelou yLa to emodpevo BAUA e amoTtEAeopa Otav UTIAPXEL TApAAANAN Xpron tng edapuoyns
amod StadopetikoUg clients va untapéel eite kaBuotépnaon site deadlock.


https://www.emgu.com/
https://docs.opencv.org/3.4/d5/d10/tutorial_js_root.html

4.5 Mpotaoelg BeATiwong TN uTAPXOUCAG EPAPLOYNG

H cuykekpluévn edappoyr unopet va BeATiwOel og emoeveg eKSOOELG TN O€ KATOLA BEpaTa OMWC:

e Ta Bruara twv aAyopiBuwv va pnv anobnkevouv kaBe ewkova oto filesystem oe kaBe Brua
EKTEAEONC, OAAQ OTNV PN RAM.

e 0O kabe ahyoplBuoc va £xel we anotéAeoua Eva web api kal oxL va yepilel pe dedopéva TodLIKoO
TOU view OMw¢ yivetal Twpa. Auto umnopel va BonBrosl Tnv epapuoyn va xpnoilomnotnBel pe
AAAeC SladiktuakéG edpappoyEC (api consumers), OTIWE €MLONG KOL VA [NV UTIAPXEL TO OVTLOTOLXO
caching mou umtdpyeL o autn tnv €kdoon.

e Xprjon tou OMPCH yia tnv ektéheon Matlab scripts and meptBdAlov Python, xwpic tnv avdykn
xpriong tou OpenCV. e autr) thv neplmtwon o server Ba nipenel va eival oe meptBaAlov Windows.
Ma kdmota scripts, purmopei va xpnotpornownBei kat to Aoytopikd Octave™ rou ival cross-platform
compatible.

YTnv enopevn evotnta napatiBetal o kwdikag Python 6co kat html/css/javascript.



5.

MAPAPTHMA

5.1 Kwdikag o Python

O kwbdikac TNC edbappoyng eivat Sopunpeévog we €NG:

JTnv apxLkn TomoBbeaia Tou GpakEAOU UTIAPYOUV Ta TOPAKATW apxeia:

webapp.py : anotelel o Bacikd apyeio mou umtdpyeL 6Ao To logic og Python kat meplypadel tnv
web epappoyr). Avahoya pe Tov ahyoplBuo mou Ba emudexBel, exteleital o avtioTolyog
oAyoplOuog oe OpenCV, amoBnkelel Ta anoteAéopota Tou Kabe Brpartog oto directory
static/img kat oto TéAog epdavilel to avtiotolyo view tou KA alyopiOpouv poli pe TIg slKOVEG
KABe BuoTog mou ekteAeL.

cv_filters.py: elval pia helper khaon yia va epappootei to dpidtpo adaipeong BopuBou Wiener
TIou Xpnotuomnoleital otov Lis alyopiBuo.

Index.html: anote)ei To entry point tng edbappoync.

KOlL OL TTAPOKATW PAKEAOL:

static: Nepléxel OAa ta apyeia css, javascript KaBwg Kot TLG TaPayOUEVES ELKOVEG KATA TNV
EKTEAEC TWV aAyopiBuwv.

templates: neplEéyovral Ta views yla kaBe alyoplOpo nou gudavilel OAEC TLG ELKOVEC Kal TO
Bruata ektéAeonc Twv aAyopiBuwv.

YTn ouvéxela mapatifetal o KWSLKOG TWV apxeiwv:

Index.html

<ldoctype html>
<html class="no-js" lang="">

<head>

<meta charset="utf-8">

<title></title>

<meta name="description" content="">

<meta name="viewport" content="width=device-width, initial-scale=1">
<link rel="apple-touch-icon" href="icon.png">

<link rel="stylesheet" href="static/css/normalize.css">

<link rel="stylesheet" href="static/css/main.css">

<link rel="stylesheet" href="static/css/bootstrap.min.css">

<meta name="theme-color" content="#fafafa">

<style>

P,
label {

font: 1rem 'Fira Sans', sans-serif;



}

input {
margin: .4rem;
}
</style>
</head>
<body>
<form action="http://localhost:5000/uploader" enctype="multipart/form-data" method="POST"
target="_blank">
<nav class="navbar navbar-expand-md navbar-dark bg-dark">
<a class="navbar-brand" href="#">Image Shaver Web App</a>
</nav>
<div class="col-xs-12" style="padding-left:15px;">
<h3>Instructions</h3>
<p>1) Choose an algorithm.</p>
<p>2) Upload an image by clicking the <b>Browse...</b> button.</p>
<p>3) Click on <b>Upload Image</b> button.</p>
</div>
<div class="col-xs-12" style="padding-left:15px;">
<p>Choose an algorithm:</p>
<div>
<input type="radio" id="bothat" name="algorithm" value="bothat">
<label for="bothat">Bothat based algorithm</label>
</div>
<div>
<input type="radio" id="laplacian" name="algorithm" value="laplacian">
<label for="laplacian">Laplacian based algorithm</label>
</div>
<div>
<input type="radio" id="log" name="algorithm" value="log">
<label for="log">Log based algorithm</label>
</div>
<div>
<input type="radio" id="logsobel" name="algorithm" value="logsobel">
<label for="logsobel">Logsobel based algorithm</label>
</div>
<div>
<input type="radio" id="lls" name="algorithm" value="IIs">
<label for="IIs">LIs based algorithm</label>
</div>
<div>
<p><input type="file" name="file"></p>
<p><input type="submit" value="Upload image"></p>
</div>
</div>
</form>
<script src="js/vendor/modernizr-3.11.2.min.js"></script>



<script src="js/plugins.js"></script>
<script src="js/main.js"></script>
<script src="js/bootstrap.min.js"></script>
<script src="js/jquery.min.js"></script>
</body>
</html>

webapp.py

from flask import Flask, render_template, request
from cv_filters import WienerFilter

import cv2 as cv
import numpy as np

app = Flask(__name_ )

@app.route('/uploader', methods = ['GET', 'POST'])
def upload_file():
#return send_file('test.jpg', mimetype='image/jpg')
if request.method == 'GET":
return 'GET Method not allowed'

if request.method == 'POST":

f = request.files['file']

if request.form['algorithm'] == 'bothat"
init_img = cv.imread(f.filename)
img = cv.imread(f.filename, cv.IMREAD_GRAYSCALE)
avg_img = cv.blur(img, (3,3))
cv.imwrite('static/img/bothat/avg_img_'+f.filename,avg_img)
avg_img_fname = 'static/img/bothat/avg_img_'+ f.filename
laplacian_img = cv.Laplacian(avg_img,cv.CV_64F)
cv.imwrite('static/img/bothat/laplacian_img_'+f.filename,laplacian_img)
laplacian_img_fname = 'static/img/bothat/laplacian_img_' + f.filename
subtracted_img = avg_img - laplacian_img
cv.imwrite('static/img/bothat/subtracted_img_'+f.filename,subtracted_img)
subtracted_img_fname = 'static/img/bothat/subtracted_img_' + f.filename
kernel = cv.getStructuringElement(1, (17, 17))
bothat_img = cv.morphologyEx(subtracted_img, cv.MORPH_BLACKHAT, kernel)
cv.imwrite('static/img/bothat/bothat_img_'+f.filename,bothat_img)
bothat_img2 = cv.imread('static/img/bothat/bothat_img_'+f.filename, 0)
bothat_img_fname = 'static/img/bothat/bothat_img_' + f.filename
#adj_img = imadjust(bothat_img)
ret,thresh2 = cv.threshold(bothat_img2, 10, 255, cv.THRESH_BINARY+cv.THRESH_OTSU)
kernel = np.ones((1,1),np.uint8)
dilated_img = cv.dilate(thresh2,kernel,iterations = 1)
cv.imwrite('static/img/bothat/dilated_img_'+f.filename,dilated_img)



dilated_img_fname = 'static/img/bothat/dilated_img_' + f.filename

res_img = cv.inpaint(init_img,thresh2,1,cv.INPAINT_TELEA)

cv.imwrite('static/img/bothat/res_img_'+f.filename,res_img)

res_img_fname = 'static/img/bothat/res_img_' + f.filename

return render_template('bothat.html’, avg_img = avg_img_fname, laplacian_img =
laplacian_img_fname, subtracted_img = subtracted_img_fname, bothat_img = bothat_img_fname,
dilated_img = dilated_img_fname, res_img = res_img_fname)

if request.form['algorithm'] == 'laplacian':

init_img = cv.imread(f.filename)

img = cv.imread(f.filename, cv.IMREAD_GRAYSCALE)

laplacian_img = cv.Laplacian(img,cv.CV_64F)

cv.imwrite('static/img/laplacian/laplacian_img_'+f.filename,laplacian_img)

laplacian_img_fname = 'static/img/laplacian/laplacian_img_'+ f.filename

subtracted_img = img - laplacian_img

cv.imwrite('static/img/laplacian/subtracted_img_'+f.filename,subtracted_img)

subtracted_img_fname = 'static/img/laplacian/subtracted_img_' + f.filename

subtracted_img = cv.imread('static/img/laplacian/subtracted_img_'+f.filename,
cv.IMREAD_GRAYSCALE)

blurred_img = cv.medianBlur(subtracted_img,3)

cv.imwrite('static/img/laplacian/blurred_img_'+f.filename,blurred_img)

blurred_img_fname = 'static/img/laplacian/blurred_img_' + f.filename

log_edge_detection_img = cv.Canny(blurred_img, 100, 200)

cv.imwrite('static/img/laplacian/log_edge_detection_img_'+f.filename,log_edge_ detection_img)

log_edge_detection_img_fname = 'static/img/laplacian/log_edge_detection_img_' + f.filename

kernel = np.ones((5,5),np.uint8)

close_img = cv.morphologyEx(log_edge_detection_img, cv.MORPH_CLOSE, kernel)

cv.imwrite('static/img/laplacian/close_img_'+f.filename,close_img)

close_img_fname = 'static/img/laplacian/close_img_'+ f.filename

ret,thresh2 = cv.threshold(close_img, 10, 255, cv.THRESH_BINARY+cv.THRESH_OTSU)

kernel = np.ones((1,1),np.uint8)

dilated_img = cv.dilate(thresh2,kernel,iterations = 1)

cv.imwrite('static/img/laplacian/dilated_img_'+f.filename,dilated_img)

dilated_img_fname = 'static/img/laplacian/dilated_img_' + f.filename

res_img = cv.inpaint(init_img,thresh2,1,cv.INPAINT_TELEA)

cv.imwrite('static/img/laplacian/res_img_'+f.filename,res_img)

res_img_fname = 'static/img/laplacian/res_img_' + f.filename

return render_template('laplacian.html', laplacian_img = laplacian_img_fname, subtracted_img =
subtracted_img_fname, blurred_img = blurred_img_fname, log_edge_detection_img =
log_edge_detection_img_fname, close_img = close_img_fname, dilated_img = dilated_img_fname,
res_img = res_img_fname)

if request.form['algorithm'] == 'log":
init_img = cv.imread(f.filename)
red_img = init_img.copy()
red_img[:,:,0]=0
red_img[:,:, 1]=0
cv.imwrite('static/img/log/red_img_'+f.filename,red_img)



red_img_fname = 'static/img/log/red_img_'+ f.filename

red_img = cv.imread(red_img_fname, cv.IMREAD_GRAYSCALE)

cv.imwrite('static/img/log/red_img_gray_'+f.filename,red_img)

red_img_fname = 'static/img/log/red_img_gray_'+ f.filename

blur = cv.GaussianBlur(red_img,(3,3),0)

log_edge_detection_img = cv.Laplacian(blur,cv.CV_64F)

cv.imwrite('static/img/log/log_edge detection_img_'+f.filename,log_edge detection_img)

log_edge_detection_img = cv.imread('static/img/log/log_edge_detection_img_'+f.filename,
cv.IMREAD_GRAYSCALE)

log_edge_detection_img_fname = 'static/img/log/log_edge_detection_img_' + f.filename

kernel = np.ones((1,1),np.uint8)

dilated_img = cv.dilate(log_edge_detection_img,kernel,iterations = 1)

cv.imwrite('static/img/log/dilated_img_'+f.filename,dilated_img)

dilated_img_fname = 'static/img/log/dilated_img_' + f.filename

eroded_img = cv.erode(dilated_img, kernel, iterations =1)

cv.imwrite('static/img/log/eroded_img_'+f.filename,eroded_img)

eroded_img_fname = 'static/img/log/eroded_img_' + f.filename

res_img = cv.inpaint(init_img,eroded_img,1,cv.INPAINT_TELEA)

cv.imwrite('static/img/log/res_img_'+f.filename,res_img)

res_img_fname = 'static/img/log/res_img_' + f.filename

return render_template('log.html’, red_img =red_img_fname, log_edge detection_img =
log_edge_detection_img_fname, dilated_img = dilated_img_fname, eroded_img = eroded_img_fname,
res_img =res_img_fname)

if request.form['algorithm'] == 'logsobel':

init_img = cv.imread(f.filename)

red_img = init_img.copy()

red_img[:,:,0]=0

red_img[:,:, 1]=0

cv.imwrite('static/img/logsobel/red_img_'+f.filename,red_img)

red_img_fname = 'static/img/logsobel/red_img_'+ f.filename

red_img = cv.imread(red_img_fname, cv.IMREAD_GRAYSCALE)

cv.imwrite('static/img/logsobel/red_img_gray_'+f.filename,red_img)

red_img_fname = 'static/img/logsobel/red_img_gray '+ f.filename

blur = cv.GaussianBlur(red_img,(3,3),0)

log_edge_detection_img = cv.Laplacian(blur,cv.CV_64F)

cv.imwrite('static/img/logsobel/log_edge detection_img_'+f.filename,log_edge detection_img)

log_edge_detection_img = cv.imread('static/img/logsobel/log_edge detection_img_'+f.filename,
cv.IMREAD_GRAYSCALE)

log_edge_detection_img_fname = 'static/img/logsobel/log_edge detection_img_' + f.filename

grad_x = cv.Sobel(log_edge_detection_img, cv.CV_16S, 1, 0, ksize=3, scale=1, delta=0,
borderType=cv.BORDER_DEFAULT)

grad_y = cv.Sobel(log_edge_detection_img, cv.CV_16S, 0, 1, ksize=3, scale=1, delta=0,
borderType=cv.BORDER_DEFAULT)

abs_grad_x = cv.convertScaleAbs(grad_x)

abs_grad_y = cv.convertScaleAbs(grad_y)

sobel_edge_detection_img = cv.addWeighted(abs_grad_x, 0.5, abs_grad_y, 0.5, 0)



cv.imwrite('static/img/logsobel/sobel_edge_detection_img_'+f.filename,sobel_edge_detection_img)
sobel_edge_detection_img_fname = 'static/img/logsobel/sobel_edge_detection_img_'+ f.filename
add_binary_img = log_edge_detection_img + sobel_edge_detection_img
cv.imwrite('static/img/logsobel/add_binary_img_'+f.filename,add_binary_img)
add_binary_img_fname = 'static/img/logsobel/add_binary_img_'+ f.filename
kernel = np.ones((1,1),np.uint8)
dilated_img = cv.dilate(add_binary_img,kernel,iterations = 1)
cv.imwrite('static/img/logsobel/dilated_img_'+f.filename,dilated_img)
dilated_img_fname = 'static/img/logsobel/dilated_img_' + f.filename
res_img = cv.inpaint(init_img,dilated_img,1,cv.INPAINT_TELEA)
cv.imwrite('static/img/logsobel/res_img_'+f.filename,res_img)
res_img_fname = 'static/img/logsobel/res_img_' + f.filename
return render_template('logsobel.html', red_img = red_img_fname, log_edge_detection_img =
log_edge_detection_img_fname, sobel_edge_detection_img = sobel_edge_detection_img_fname,
add_binary_img = add_binary_img_fname, dilated_img = dilated_img_fname, res_img =
res_img_fname)

if request.form[‘algorithm'] =="lIs":

init_img = cv.imread(f.filename)

img = cv.imread(f.filename, cv.IMREAD_GRAYSCALE)

laplacian_img = cv.Laplacian(img,cv.CV_64F)

cv.imwrite('static/img/lls/laplacian_img_'+f.filename,laplacian_img)

laplacian_img_fname = 'static/img/lls/laplacian_img_'+ f.filename

subtracted_img = img - laplacian_img

cv.imwrite('static/img/lls/subtracted_img_'+f.filename,subtracted_img)

subtracted_img_fname = 'static/img/lls/subtracted_img_' + f.filename

blur = cv.GaussianBlur(subtracted_img,(3,3),0)

log_edge_detection_img = cv.Laplacian(blur,cv.CV_64F)

cv.imwrite('static/img/lls/log_edge_detection_img_'+f.filename,log_edge_detection_img)

log_edge_detection_img = cv.imread('static/img/lls/log_edge_detection_img_'+f.filename,
cv.IMREAD_GRAYSCALE)

log_edge_detection_img_fname = 'static/img/lls/log_edge_detection_img_' + f.filename

grad_x = cv.Sobel(log_edge_detection_img, cv.CV_16S, 1, 0, ksize=3, scale=1, delta=0,
borderType=cv.BORDER_DEFAULT)

grad_y = cv.Sobel(log_edge_detection_img, cv.CV_16S, 0, 1, ksize=3, scale=1, delta=0,
borderType=cv.BORDER_DEFAULT)

abs_grad_x = cv.convertScaleAbs(grad_x)

abs_grad_y = cv.convertScaleAbs(grad_y)

sobel_edge_detection_img = cv.addWeighted(abs_grad_x, 0.5, abs_grad_vy, 0.5, 0)

cv.imwrite('static/img/lls/sobel_edge_detection_img_'+f.filename,sobel_edge_ detection_img)

sobel_edge_detection_img_fname = 'static/img/lls/sobel_edge_detection_img_'+ f.filename

add_binary_img =log_edge_detection_img + sobel_edge detection_img

cv.imwrite('static/img/lls/add_binary_img_'+f.filename,add_binary_img)

add_binary_img_fname = 'static/img/lls/add_binary_img_'+ f.filename

input_img = cv.imread(add_binary_img_fname, cv.IMREAD_GRAYSCALE)

wiener_filter = WienerFilter(input_img, (5,5))



wiener_output_img = wiener_filter.estimateOutput()

cv.imwrite('static/img/lls/wiener_output_img_'+f.filename,wiener_output_img)

wiener_output_img_fname = 'static/img/Ills/wiener_output_img_'+ f.filename

wiener_output_img = cv.imread(wiener_output_img_fname, cv.IMREAD_GRAYSCALE)

ret,thresh2 = cv.threshold(wiener_output_img, 10, 255, cv.THRESH_BINARY+cv.THRESH_OTSU)

kernel = np.ones((1,1),np.uint8)

dilated_img = cv.dilate(thresh2,kernel,iterations = 1)

cv.imwrite('static/img/lls/dilated_img_'+f.filename,dilated_img)

dilated_img_fname = 'static/img/lls/dilated_img_' + f.filename

eroded_img = cv.erode(dilated_img, kernel, iterations =1)

cv.imwrite('static/img/lls/eroded_img_'+f.filename,eroded_img)

eroded_img_fname = 'static/img/lls/eroded_img_' + f.filename

res_img = cv.inpaint(init_img,eroded_img,1,cv.INPAINT_TELEA)

cv.imwrite('static/img/lls/res_img_'+f.filename,res_img)

res_img_fname = 'static/img/lls/res_img_' + f.filename

return render_template('lls.html’, laplacian_img = laplacian_img_fname, subtracted_img =
subtracted_img_fname, log_edge detection_img = log_edge_detection_img_fname,
sobel_edge_detection_img = sobel_edge_detection_img_fname, add_binary _img =
add_binary_img_fname, wiener_output_img = wiener_output_img_fname, dilated_img =
dilated_img_fname, eroded_img = eroded_img_fname, res_img = res_img_fname)

return '<script>alert("The selected algorithm is not yet implemented");</script>'
if _name_ =='_ main__":
app.run(debug = True, host='0.0.0.0')

cv_filters.py*”

import cv2 as cv
import numpy as np

class WienerFilter():
def _init_ (self, input, filter_size):

self.input = input

self filter_size = filter_size

if(input.ndim !=2):
print("Image not 2d")

if(filter_size[0]%2 != 1 or filter_size[1]%2 != 1 or filter_size[0]<=1 or filter_size[1]<=1):
print("Invalid filter dimension")

def estimateOutput(self):
means = cv.boxFilter(src=self.input, ddepth=cv.CV_64F, ksize=tuple(self.filter_size), anchor=(-1,1),
normalize=True, borderType=cv.BORDER_REPLICATE)
square_means = cv.sqrBoxFilter(src=self.input, ddepth=cv.CV_64F, ksize=tuple(self.filter_size),
anchor=(-1,1), normalize=True, borderType=cv.BORDER_REPLICATE)

means2 = cv.multiply(means, means)



variances = square_means - means2

avgVarianceMat = cv.reduce(variances, 1, cv.REDUCE_SUM, -1)
avgVarianceMat = cv.reduce(avgVarianceMat, 0, cv.REDUCE_SUM, -1)

noiseVar = np.asscalar(avgVarianceMat/self.input.shape[0] * self.input.shape[1])

y = np.zeros(self.input.shape)
for row in range(self.input.shape[0]):
for col in range(self.input.shape[1]):
y[row][col] = means[row][col] + max(0, variances[row][col] - noiseVar) * (self.input[row][col]-
means[row][col])/max(variances[row][col], noiseVar)

returny

def estimateOutputColorised(self):
means = cv.boxFilter(src=self.input, ddepth=cv.CV_64F, ksize=tuple(self.filter_size), anchor=(-1,1),
normalize=True, borderType=cv.BORDER_REPLICATE)
square_means = cv.sqrBoxFilter(src=self.input, ddepth=cv.CV_64F, ksize=tuple(self.filter_size),
anchor=(-1,1), normalize=True, borderType=cv.BORDER_REPLICATE)

means2 = cv.multiply(means, means)
variances = square_means - means2

avgVariance = cv.reduce(variances, 0, cv.REDUCE_SUM, -1)
avgVariance = cv.reduce(avgVariance, 1, cv.REDUCE_SUM, -1)

noiseVar = avgVariance/self.input.shape[0] * self.input.shape[1] * self.input.shape[2]
noiseVar = np.reshape(noiseVar, (1,3))
y = np.zeros(self.input.shape)

for row in range(self.input.shape[0]):
for col in range(self.input.shape[1]):
ylrow][col] = self.saturate_cast(means[row][col] + np.maximum(np.zeros(noiseVar[0].shape),
variances[row][col] - noiseVar[0]) * (self.input[row][col]-
means[row][col])/np.maximum(variances[row][col], noiseVar[0]))

returny
def saturate_cast(self, val):

if val.any() < O:

return np.array([255, 255, 255])
elif val.any() >255:

return np.array([255,255, 255])
return val



bothat.html
<!doctype html>
<html class="no-js" lang="">

<head>
<meta charset="utf-8">
<title></title>
<meta name="description" content="">
<meta name="viewport" content="width=device-width, initial-scale=1">
<link rel="apple-touch-icon" href="icon.png">
<link rel="stylesheet" href="./static/css/normalize.css">
<link rel="stylesheet" href="./static/css/main.css">
<link rel="stylesheet" href="./static/css/bootstrap.min.css">
<meta name="theme-color" content="#fafafa">
<style>
P,
label {
font: 1rem 'Fira Sans', sans-serif;

}

input {
margin: .4rem;
}
</style>
</head>

<body>

<div style="padding-left:10px;">BOTHAT BASED ALGORITHM - STEPS:<br /></div>
<div style="padding-left:10px;">

<table style="border:none;">

<tr>

<td><img src="{{ avg_img }}" alt="Avg Image" /></td>

<td><img src="{{ laplacian_img }}" alt="Laplacian Image" /></td>

</tr>

<tr>

<td style="padding-top:5px; text-align:center;">1) AVERAGE FILTER TRANSFORMATION</td>
<td style="padding-top:5px; text-align:center;">2) LAPLACIAN TRANSFORMATION</td>
</tr>

<tr>

<td><img src="{{ subtracted_img }}" alt="Subtracted Image" /></td>

<td><img src="{{ bothat_img }}" alt="bothat_img Image" /></td>

</tr>

<tr>

<td style="padding-top:5px; text-align:center;">3) SUBTRACTED IMAGE</td>

<td style="padding-top:5px; text-align:center;">4) BOTHAT TRANSFORMATION</td>
</tr>

<tr>

<td><img src="{{ dilated_img }}" alt="dilated_img Image" /></td>



<td><img src="{{ res_img }}" alt="Final Image" /></td>

</tr>

<tr>

<td style="padding-top:5px; text-align:center;">5) DILATED IMAGE</td>
<td style="padding-top:5px; text-align:center;">6) FINAL IMAGE</td>
</tr>

</table>

</div>

</body>

</html>

laplacian.html
<!doctype html>
<html class="no-js" lang="">
<head>
<meta charset="utf-8">
<title></title>
<meta name="description" content="">
<meta name="viewport" content="width=device-width, initial-scale=1">
<link rel="apple-touch-icon" href="icon.png">
<link rel="stylesheet" href="./static/css/normalize.css">
<link rel="stylesheet" href="./static/css/main.css">
<link rel="stylesheet" href="./static/css/bootstrap.min.css">
<meta name="theme-color" content="#fafafa">
<style>
p,
label {
font: 1rem 'Fira Sans', sans-serif;

}

input {
margin: .4rem;
}
</style>
</head>

<body>

<div style="padding-left:10px;">LAPLACIAN BASED ALGORITHM - STEPS:<br /></div>
<div style="padding-left:10px;">

<table style="border:none;">

<tr>

<td><img src="{{ laplacian_img }}" alt="Laplacian Image" /></td>

<td><img src="{{ subtracted_img }}" alt=""/></td>

</tr>

<tr>

<td style="padding-top:5px; text-align:center;">1) LAPLACIAN TRANSFORMATION</td>
<td style="padding-top:5px; text-align:center;">2) SUBTRACTED IMAGE</td>

</tr>



<tr>

<td><img src="{{ blurred_img }}" alt="Subtracted Image" /></td>
<td><img src="{{ log_edge_detection_img }}" alt="LOG EDGE DETECTION IMAGE" /></td>
</tr>

<tr>

<td style="padding-top:5px; text-align:center;">3) BLURRED IMAGE</td>
<td style="padding-top:5px; text-align:center;">4) LOG EDGE DETECTION IMAGE</td>
</tr>

<tr>

<td><img src="{{ close_img }}" alt="Image Closing" /></td>

<td><img src="{{ dilated_img }}" alt="Image Dilation" /></td>

</tr>

<tr>

<td style="padding-top:5px; text-align:center;">5) IMAGE CLOSING</td>
<td style="padding-top:5px; text-align:center;">6) IMAGE DILATION</td>
</tr>

<tr>

<td><img src="{{ res_img }}" alt="dilated_img Image" /></td>
<td></td>

</tr>

<tr>

<td style="padding-top:5px; text-align:center;">7) FINAL IMAGE</td>
<td style="padding-top:5px; text-align:center;"></td>

</tr>

</table>

</div>

</body>

</html>

lls.html
<!doctype html>
<html class="no-js" lang="">
<head>
<meta charset="utf-8">
<title></title>
<meta name="description" content="">
<meta name="viewport" content="width=device-width, initial-scale=1">
<link rel="apple-touch-icon" href="icon.png">
<link rel="stylesheet" href="./static/css/normalize.css">
<link rel="stylesheet" href="./static/css/main.css">
<link rel="stylesheet" href="./static/css/bootstrap.min.css">
<meta name="theme-color" content="#fafafa">
<style>
p,
label {
font: 1rem 'Fira Sans', sans-serif;

}



input {
margin: .4rem;

}

</style>
</head>
<body>
<div style="padding-left:10px;">LLS BASED ALGORITHM - STEPS:<br /></div>
<div style="padding-left:10px;">
<table style="border:none;">
<tr>
<td><img src="{{ laplacian_img }}" alt="LAPLACIAN IMAGE" /></td>
<td><img src="{{ subtracted_img }}" alt="SUBTRACTED IMAGE" /></td>
</tr>
<tr>
<td style="padding-top:5px; text-align:center;">1) LAPLACIAN IMAGE</td>
<td style="padding-top:5px; text-align:center;">2) SUBTRACTED IMAGE</td>
</tr>
<tr>
<td><img src="{{ log_edge detection_img }}" alt="LOG EDGE DETECTION IMAGE" /></td>
<td><img src="{{ sobel_edge_detection_img }}" alt="SOBEL IMAGE" /></td>
</tr>
<tr>
<td style="padding-top:5px; text-align:center;">3) LOG EDGE DETECTION IMAGE</td>
<td style="padding-top:5px; text-align:center;">4) SOBEL EDGE IMAGE</td>
</tr>
<tr>
<td><img src="{{ add_binary_img }}" alt="LOG+SOBEL IMAGE" /></td>
<td><img src="{{ wiener_output_img }}" alt="WIENER FILTER IMAGE" /></td>
</tr>
<tr>
<td style="padding-top:5px; text-align:center;">5) LOG+SOBEL IMAGE</td>
<td style="padding-top:5px; text-align:center;">6) WIENER FILTER IMAGE</td>
</tr>
<tr>
<td><img src="{{ dilated_img }}" alt="IMAGE DILATION" /></td>
<td><img src="{{ eroded_img }}" alt="IMAGE EROSION" /></td>
</tr>
<tr>
<td style="padding-top:5px; text-align:center;">7) IMAGE DILATION</td>
<td style="padding-top:5px; text-align:center;">8) IMAGE EROSION</td>
</tr>
<tr>
<td><img src="{{ res_img }}" alt="IMAGE DILATION" /></td>
<td></td>
</tr>
<tr>
<td style="padding-top:5px; text-align:center;">9) FINAL IMAGE</td>
<td style="padding-top:5px; text-align:center;"></td>



</tr>
</table>
</div>
</body>
</html>

log.html
<!doctype html>
<html class="no-js" lang="">
<head>
<meta charset="utf-8">
<title></title>
<meta name="description" content="">
<meta name="viewport" content="width=device-width, initial-scale=1">
<link rel="apple-touch-icon" href="icon.png">
<link rel="stylesheet" href="./static/css/normalize.css">
<link rel="stylesheet" href="./static/css/main.css">
<link rel="stylesheet" href="./static/css/bootstrap.min.css">
<meta name="theme-color" content="#fafafa">
<style>
P,
label {
font: 1rem 'Fira Sans', sans-serif;

}

input {
margin: .4rem;

}

</style>
</head>
<body>
<div style="padding-left:10px;">LOG BASED ALGORITHM - STEPS:<br /></div>
<div style="padding-left:10px;">
<table style="border:none;">
<tr>
<td><img src="{{ red_img }}" alt="RED CHANNEL OF IMAGE" /></td>
<td><img src="{{ log_edge detection_img }}" alt="LOG EDGE DETECTION IMAGE" /></td>
</tr>
<tr>
<td style="padding-top:5px; text-align:center;">1) RED CHANNEL OF IMAGE</td>
<td style="padding-top:5px; text-align:center;">2) LOG EDGE DETECTION IMAGE</td>
</tr>
<tr>
<td><img src="{{ dilated_img }}" alt="IMAGE DILATION" /></td>
<td><img src="{{ eroded_img }}" alt="IMAGE EROSION" /></td>
</tr>
<tr>
<td style="padding-top:5px; text-align:center;">3) IMAGE DILATION</td>



<td style="padding-top:5px; text-align:center;">4) IMAGE EROSION</td>
</tr>

<tr>

<td><img src="{{ res_img }}" alt="FINAL IMAGE" /></td>

<td></td>

</tr>

<tr>

<td style="padding-top:5px; text-align:center;">5) FINAL IMAGE</td>
<td style="padding-top:5px; text-align:center;"></td>

</tr>

</table>

</div>

</body>

</html>

logsobel.html
<!doctype html>
<html class="no-js" lang="">
<head>
<meta charset="utf-8">
<title></title>
<meta name="description" content="">
<meta name="viewport" content="width=device-width, initial-scale=1">
<link rel="apple-touch-icon" href="icon.png">
<link rel="stylesheet" href="./static/css/normalize.css">
<link rel="stylesheet" href="./static/css/main.css">
<link rel="stylesheet" href="./static/css/bootstrap.min.css">
<meta name="theme-color" content="#fafafa">
<style>
P,
label {
font: 1rem 'Fira Sans', sans-serif;

}

input {
margin: .4rem;

}

</style>
</head>
<body>
<div style="padding-left:10px;">LOGSOBEL BASED ALGORITHM - STEPS:<br /></div>
<div style="padding-left:10px;">
<table style="border:none;">
<tr>
<td><img src="{{ red_img }}" alt="RED CHANNEL OF IMAGE" /></td>
<td><img src="{{ log_edge_detection_img }}" alt="LOG EDGE DETECTION IMAGE" /></td>
</tr>
<tr>



<td style="padding-top:5px; text-align:center;">1) RED CHANNEL OF IMAGE</td>

<td style="padding-top:5px; text-align:center;">2) LOG EDGE DETECTION IMAGE</td>
</tr>

<tr>

<td><img src="{{ sobel_edge_detection_img }}" alt="SOBEL EDGE DETECTION IMAGE" /></td>
<td><img src="{{ add_binary_img }}" alt="LOG+SOBEL IMAGE" /></td>

</tr>

<tr>

<td style="padding-top:5px; text-align:center;">3) SOBEL EDGE DETECTION IMAGE</td>
<td style="padding-top:5px; text-align:center;">4) LOG+SOBEL IMAGE</td>

</tr>

<tr>

<td><img src="{{ dilated_img }}" alt="IMAGE DILATION" /></td>

<td><img src="{{ res_img }}" alt="FINAL IMAGE" /></td>

</tr>

<tr>

<td style="padding-top:5px; text-align:center;">5) IMAGE DILATION</td>

<td style="padding-top:5px; text-align:center;">6) FINAL IMAGE</td>

</tr>

</table>

</div>

</body>

</html>
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i https://docs.opencv.org/2.4/doc/tutorials/imgproc/imgtrans/sobel derivatives/sobel derivatives.html

v https://docs.opencv.org/3.4/d5/db5/tutorial laplace operator.html

v https://opencv-python-

tutroals.readthedocs.io/en/latest/py tutorials/py imgproc/py gradients/py gradients.html

Vi https://flask.palletsprojects.com/en/1.1.x/tutorial/#tutorial

Vit NumPy Library https://numpy.org/doc/stable/user/tutorials_index.html

Vi DpenCV — Canny Edge Detector https://docs.opencv.org/3.4/da/d5c/tutorial canny detector.html

* OpenCV — Sobel Derivatives https://docs.opencv.org/3.4/d2/d2c/tutorial sobel derivatives.html

* BAOLKEG APXLTEKTOVIKEC TIPOYPUUUATIOUOU O aVTLKELUEVOOTPEdEG TtepBallov — Object Oriented Programming -
Python (OOP in Python) - https://home.cs.colorado.edu/~kena/classes/5448/f12/presentation-materials/li.pdf
Xi Flask installation - https://flask.palletsprojects.com/en/1.1.x/installation/

Xi python PIP Package Installation Management - https://pip.pypa.io/en/stable/installing/

Xit OMPC — Open-Source MATLAB-to-Python Compiler - http://ompc.juricap.com/

XV GNU Octave - https://octave.org/doc/v6.1.0/

¥ https://github.com/rishiraj824/adaptive_wiener filters
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