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Abstract

Skin and or al cancers demand early detection to
i nvasi ves; nwhisli e enaonet hods | i ke devdmps hbofiraster ugg
Optical coherence tomography ( OCGiT i v aasnidv e a n ghiiogghr
resoluti oM immagdienpgt h()1 f or vi sualizing tissue mi (
without contrast agent s, showing promise in derr
software and al gotiutshyps ou®O@Ce@psymi em, aehfadbnci ng
accuamadnypr ovi ng itnmargoiunggh sdpeeeepd | ear ni ng and i mage

Key contributi ons -baadsderde ssse gimeleeh aat asebdnsgOCaDsEeTd
reconstrucesohuyut isaumgperand vasculature extraction
i mprokienssue boundary segment abltdsoend pauhpdlei nee Sweic

speckle noi se, enabling faster scanbBemwaditdiorug qu
Model concurrently denoi ses anlde asréng spegadd tso coalad t i
reduce scan repetitions, shortening -Nembgand ti me

Ushaped Fusi ofhr €osafvolt mei-opahietatanbi ghtrvaans f r om
repetsictainanar splkuotion transf-Angieogr dpRYs D& @p @b n Mi
Tr ans faonimgrni ogr aphy Reconstruction Trans-former)

secORTAmMagBegi. déedhe Vascul ature Exéexbotacsttaul Tarransf
sighabm a single OCT scan, cutting acqui.sition t

These innovati éoémnemi aidd i ®@B/i @@THA squalh as sl ow acqu
motion arti @&adtas/,i nrgo ibgyxzeguemmBaattiiomnegr ati ng deep
t hs suidmproveguamaggecel erates wor kfl o-wayasinde ena

assessment of | esion depth and iwps divkgnosnoirpho
wor kfimnowkin cancer and or al pat hol ogies, facilit
invasive biopsies. Collectively, this research
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Chaptetnfiroducti on
1. ResedMotchvandoAi ms

1.1 ResedMoech vati ons

Skin and oral cavity diseases, including various
wor |l dwi de. Ski n cancernselsauncohmaa ss kmenl acnaonncae rasn da r reo |
common malignancies, while drmbrtahteysraanak gl g
detection ofestshedmtai alimpe asve ngi Psailtnideentt bl ows f or ti
intervention and increases the chances of succes
Al t hough the skin and oral mucosa are easily ins
subtle subsurface changes .Tthhearte faorree ,n otth evries iibsl ea nt
for -anwmasive diagnostic tool that can detect ear
mi crovascul ature associated with skin and oral d
|l maging modal ities currently wusrdfliactcancna cadn fp
mi croscoplyi g(hReCpM)ency ul trasound (HFWI),hoamgd pho
si mpl e -eafnfde cctoisvte, der mos«depy hpr oHPWInad fl foewmi & eglr e a't
i maging penetration depth, but has | ow axi al an
detailed tissue char aeteeroilaatiiomn.i mMR@M sp rcd wiscee st ol
but is confi ned atpo Itlhaer ye pdiedremminsi,s lainmdi t i ng i ts abi
Phot oacoustic imaging provides unique structur al
and |l ong acquisition time |imit its clinical app

Opticcredremogr aphy QCETG) ogmaphy (OCTA) have emerg
noinnvasi venoidmatghtaitg sof fer a good commrdominaeg i Mgt we

dep®®T provi de-lse wme lesreccmeisoenral i mages of tissue ana
OCTA enables visualization of microvascluHhese net w
modal ities have shown potenti al in dermatol ogy
vascul ar morphology, and tissue structure.

However, OCT and OCTA techni gqueusa diCATcye®s@iAgni fi cal
i maging typically requer@s] maitd Xt lpé es avedpiecahd edt isar
l eads to extended acqui sit,aohi ghattaspdfadir ebabldep

motion artifacts, whnade qgeagtrea dree p antaigtei aqru all ii miyt s 1
interpretability of the i magRedsdi tfjidorditantebrmpll iemii ttiyn
of image poocebmbengndl the dependence of i mage (gL
further | imit their effectiveness in clinical se
To address these challenges, there is an urgent
such as deep | earning and graphics processing u
i magpiinpge.l iheeesp | earning algorithms, particularly
remar kabl e capabilities i maigmagecpmna ceessodituntg motna,s k

denoj ssm@gment ati on. By harnessing deep | earning,



from mini mal scan dat a, reduce acquisition time:
OCTAmagfionrg early detection and monitoring of sKki

This research is motivated by the desire to dev
i maging solutions that addrveasd vteh eneltihmidtsat iByn e nd
and OCTA techniques with cdaepyl d@treichndgonwer &idmctE
bi opsi es, i mprove diagnostic accuracy, and wul ti
der mat ol ogy and or al medi ci ne.

1.1 R2search Ai ms

Thaionf this PhD project is tOChaddlTédAes hinlh @ uleismii ma
dermat ol ogy and dentistry by de¥etopmageapgvaoessts
and amaldy sfiass,t scamnifragipi et @ad@alOTTHEG®ETA ninmasrqitn @ n

to enhance i mage quality, reduce acquisition tir
orapplicaihenai ms of the research are:

10ptimize data acquisition: Devedwyl isttyan@@T da z e
OCTA data from skin and oral tissuesso,urwsei nOgCTopt i

systems to ensure efficient dgataan dc avpatluirdeatfioorn de e

2Enhance data processing: Create an integrated
processpmnmgce Ppisn g, and deep |l earning models to ¢
data acquisition to the generation of <clinically
3l mprove diagnostic accuracy: Use deep }tearning
resoludiedoit i hgoprove i mage clarity and resolutio
capabil i-itnwa3GoM/eOComdgi ng t.echnol ogi es

4Deep |l earning technologies and scanning protoco
and fasQCT@CTscanning protocols to improve i mage
increase patient comfort, wultimately improving d
Collectively, these aims are designed to transla
scanning protocol s, t his-twaorek asnale kdsi stcomf @ed t ¢ e p @
sensitive areas | i ke thy mirmil miczaivnigt ymo twihan ea rstiin
render adisacgannosntdmrc. The devel opment of advanced
segment ati ene,sodmud i saparn ms to provide <clinician:t
i mages, enhancitng tclhoaifri ddnagnad n identifying S |
Ultimately, the goal is to create a more effic
OCT/ OCTA as -anvabuseée,toaoh for early detection ar
ordlsecases, potentially reducing the number of r ¢

1. The®utsl i ne

Chapter 2 Literature Review

This chapter begins by detailing the anatomy and
their structures and microvascul atur e, and how t



represenimalti geamtonand mal i gnanhi gdil $wahs @ wlgairn t h
alterations in skin and eorbalw hc a nncvearssi nvved $idaernv dc hnaopn
di agnostic met hods, hi ghlighting their i mitat
devel opments of Optical Coherence Tomography (OC
on their applicatiiomsslkind &mudremdl cihmddiemgesFurt
integration of deep nreaussalt meesevolrikmi t(aDtNiNosns tion aC
enhancing diagnosis and assessment. Finally, it
i mage analysis and identifies unresolved researc

Chapter 3: Data Collection

This chapter first introduces a standardized pip
oral apphieocationsntsoducesOCThe( SOET) system dev
detailing its components such as the system set
The <chapter then discusses the scanning protoc
OCT/ OCTA i mages, including analyses of i mage qu
interval s, as wwi it hasarsiaonpd i sbg ahri ncirare ¢ cpornosti odceor| ast . i
addressed through discussions on ethics approval
data management aFidnaplrliyv,actyh emedaastuar ecso.l | ecti on wo
is consistently wut.ilized throughout the thesis

Chapteri @3ne ALAI O) Processing Pipeline

This chapter introduces a standardi,zewhipcihpeild ne
designed and wutilizedPhchnpn cjteaantimhdeyd©Obh hed Ad DY ut t
pi peliimceliundecigsep rmprceessi ng al @arciel lems t leadk erFaEBdiUf g ,a me
and OCTA algoritdqumal tboyg@@eératrubdipdalAl @npi PETADN I
al socliundegeprrmpocsdssind i klegemadds ddns!l ayer segment at.i
flattening, enf acel /perpdjtencetliicunm t ainedmbenpsisdeartmaeb o g |l @
preli Al @ap iypaesd@iTe OCEAof t sor mal and abnor mal skir
are provided, alon@ewidlest ht blendts® pepemaps. furt

net weolrgkor i t hms, covering dataset preparation, ne
|l oss functions and optimizers, data partitioning
using image quality assessment and segmentation

Chaptbeep:Learni nspnA@aglriucdtuiran OCT | magi ng

This chapter presents the -Waeved opmeinit c atfi adrese pf o
OCT i maging, focusing on skin and or al applica
i ntrod-Netes &SIlightweight segsmeapiadémomalnes evgmén tt d
skin OCT images by combining CNN and Vi T archite

computational |l oad. SecomalpedtSwuiem atsriedr Hfe@mrotné g mtg
pipeline for skifne OtCiTveélmagresduawds chpedkl e noi se |
facilitating faster igmagres.qwlallihddyt icompnbmobdungs
Segmenbanoioni ng EMDdM)ead -tmudk i model for or al OCT

simultaneously performs denoising and | ayer s e



qguality and efficiency. These devel opments coll e
in accurate diagnosis of skin and or al condition

Chapter-Répeflivds ®@ch Fast OCTA Scanning Protocol

This chapter pr ebsaendad faasde e@CTAe asrcnainnngi ng pr ot oc
guality OCTA images from only two repeated OCT s
and i mproving patient comfortrt3hefrchaptertisntdr
| mage RecoNetr fNeRiYord oW skin applications, which
| ooavontrast OCTA i mages from mini mal scan dat a,
acquisition time bys 8t3h alped ohRhdsi onn Convoldwutcieo n :
(UFCT) for oral applications, pquabDCuUAkxairhygesn th
from onkpet wdoi on, offacOdddl tsactaingg i si ti on eaorrl yor al a
detection of oral stdoseogrnd efrisc.anBo tihmpmeotvleaomkesnt s ove
generation methods, enhancing clinical workfl ows

Chapter -FSami$hhipreeed Fast OCTA Scanning Protocol

This chapter introducbaseaed @G8VAnsednmdieryp pratt ond
sampling time evemefiurit der me thiaend @ viiamahg ienvg .ngBys ub
utilizing |l ow spatial sampling resolutions, t he
approximately one second with our 200 kHz or 40
decreased spati al resolutieondevewopadcept meuAalbi
Reconstruction Transfor memd (tARE ) | rf-Aom g icsokg Hna pdipoorl a
SupRasol ution Transformer (I MAST) for o+ al appl
resol ve and -gwralointsy rQCTA hiingahg & & sforl wrh i beng rsachend,, Ir
mi crovascul ar ngetmaoitli onarmad ti ¢ dwedis . Both ART and
supreersol uti on networks while featuring compact a

providingufadsty OICgW i maging without compromi si n

Chapter 8 : Vascul ature Extraction for Structure

This chapter p+4 esemndswgd wnwaovedl ateerpe extraction p
highohal ity OCTA i magpet i riooDiafOfGadrneggrnttadfit o mn al OCT/
met hods requi dil e@dmuwligt it wl é ongaenms acqui 8t heon ti me
proposeWaswHT a(t ure Extrddticom veEt gngsfapnmere)s spat.i

extvastsuilgadt ectly from structural OCT i mages. E»>
VET reduces data acquisition time by 75% while e
met hods, achieving higher PSNR andhbeattdadatvihs gal
guality wvasculature images eaeaermpeheteéfohi QiCdntsicyane

Tr ansfbarsmalr architecitmpreogwli migg o af j roeaaruldfiyngwspat i en
di s cqgmfepardtmipsoitreqit i -al mé AOICmagni ndge r mantdo Ildeegyt i st ry

Chapter 9 : Conclusions and Future Works

This chapter presents the conclusions and | imita
further studies
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Chaptebi 2erature Review

This chapter aims to describe the research mot i
skin and or al mor phol ogy, providing amnaverview
pointing out how the anatomical structure and m
condiAfi omskeerir ewr efgr eésheert sitniviags i vd nvradiiag@gmost i c

met bBwidt h t heiirgrloivniridteatdthieornnsb r 8 ¢ hbarprteefro sowvfaerriso uas

opticclaértemogr aphy (€ d) ogndp®gT( OCTA) techniques,
receavel oipmeat omi cal strucitmagi ragpn,d wmigdlmgam@a@ hgs:
di agnosing skibBasaeadl om atl hids lsfesascelbapi en further r
challenges of OCT and OCTA i.mhgi mgi hnmekimaandnc
thest® desdveedppneur al ned avbmr kss (DININsg Itiomi tati ons
i maging, thereby enhdainacg nnogs i asn daofidd caisslesi etsdstimenngd ntdh eo
condifhemef.ore, this chapter thoroughly reviews
i mage analysi s, particul arl.y Fihneailrl ya pplhiyvad tci hoanpst
points out the unresolved -heasedr OCRT chatdl ©©OCgéas i |
processing for skinaamdobhealeaspplricbabbprsti wkeiscb

2. Anatomy and Physiology of the Skin

Skioneslné loarggaensstt heompdiysing 16% dflljlibtatt ody
contact with theserxdiemmgrafli eatvi b@ammieeant ,t o prevent

subst@ea.bg.©l o0gi cal and chemircadi)datgiecont $ heabododiue s
humans and oitSkarn Vv erctlauldresst asuncti ons | i ke contro
thermoregul ati on, vitamin D synthesi s, i mmune r ¢

gl an@dlshi s section describes the basic anatomical

Epi de
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N
Basemeni

) Me mbr an
Der mils '

\i ) e = // = 5,
5 4 (T:E/, 7
,/“‘(/
Subcut an@aopuisl lary

layer

Touch receptor

Figphtchematic diagram of anfa]jlomhical disaguamus Abw
main | ayers of the skin: the upper egpiddeermmiss | ay
junction | ayers, also known as dhagemeamt membr ane



2.1 SKiShnructure

As il |l uBitgwltdeidd i ooh sp wibshaaryyer s, t he outer epider:r
i nmdeerr mi s legpy @re.r milse and der mi sthaapéehfckmkegsconannee
in different body taottendisc.ck neers ioristeyrede,dst hes onl
thickness of the s-dl pig#]Jof the feet can reach 3

2.1 Epider mis

Epi dersmitshe out er mosdnd iaspteivnegsfa emmti e avmirapds cel |
t yplets has no blood or nerwB5®m ptpHiyc ka,n dr d asc haiprpg oW
Om on the pdlsMs omnd heotldeee presst ttshuep ee (i aty earhi, s
includes the stratum basale, stratum spinosum, s
corneg@Ppeci ftihcealsltyr,atiusm anucea xdtuomal Y adgair stthdecatt hi c k,
hairless skin such dabelpamylee st d@lt es,t aggreds toH u nkbe.r a't
di fferenti attiran umfav@malwdkher e t hey st ot rpatodum f er a
cor nleaayner where they are sii30.daEws deerjnavp Bthugen o v e

Wi t hi n t he oeappipdeenrdnaigse,s extend through this | ayer
the dermis, extend/tfebagdotheglepndledumitss al so t
open into hair follicles, contributinfg5to the I u
Regarcdelnlgthe pepgi, der mis contains keratinocytes, n

Mer kelwictehl lkser ati nocytes comprisi[nefleatatli amadastyt &8 %
originate from the stratum basale and produce k-
bar rMedranocyt es, |l ocat ed bet ween the stratum cel
pi gment, providing UVbupi Istue s tclr@monearnida nasc t d enlgl sa sa
pri marydememoaeuci al for anti gen spgrresteairtadtaiscad .e Me
above the basement me mbr ane, act as mechanor ece
pal ms, <saoJietsy g9emaital mucosa, with the highest ¢

2. 1 Der2B@i der mal ( DELhcydron
The depimber mal junction | ayreel i eog dta stelme nitn tmernfba «
epidermis and t hlei ke smé p BTamedar nsgter oonng Ityhi ckness of
from 26m[t9dPE@DdDnsi sts of four | ayers: the basal k

| amina lucida containing laminin and anchoring f
IV, and the | amina fibroretlidibbBEl ajpnds@ppodanat in
the avascular epider mis, determines epider mal p
mi gr §ti0dghn adithitEilmary,er can influence epidermal dif
proliferativeayeeaandifianhbmi basagnals between the

Seveslhin dhawesespr ovelmElJlraeyleart,edi ntcol udi ng genetic
junctional epi derdyos tyrsa pshom it InBdBb,® & ) € BaBhrtg o ime e d
di sordersmpheée go.i d adigukR BleEE] and

2. 1.DEer3ni s
Theder mis |l ayer is thicker thantthhekoempindlet mito It doye
epidermis thropbglhehdebDBdsstygemost!l y of fibrouc



extracellul ar matri x (ECM) i ntel gmphwedxeblest, we e n
receptors, pa.Bledermdl tyelelssiiaie nidleed | deramies, f or e X
macrophages, t he mast cell s, and fibrobl asts

The diem anlissedweesr al sk[B] Swepandadands, both eccrine

are |l ocat ed iwsistsheinnt inta&hli nsio ol eagylelrat i oM laBjedb awcaesotues e x ¢
gl ands, embedded in the der mis, sec[rleHlei sebum t
follicles, anchored in thel adyegaries angde retxitaeln dfi org
and various[ B8Qeirumfimmautsi ghands in the external e
in the breast are found within the ddgrliils, contr

2.1.SubLut dageus

The subcluatyaenreciuss al so known admadinpgseonissstes of
connectianag, ftahatiei s ntl.Ttarits dfhet hceo nankeict i on bet
|l ayer and the undethgirepymmacheési andgbbusek €80 i nt e ¢
the | arge amount of adipasealsespepvbdbclivancéoo
storage, insulation, and mechanical protection.

2.1 SXkiMhcmaswewul atur e

The skin microvasculature is a complex network
capill arieswhianhd awednmd svysme nitoiuasl phys(ieo.lgo.g,i ctail s spure
perfusion, tempeuntiuheanbegpénti e@cmanyeus8]lanidon

As shéewmgadiwme se vensasiedisy tarriebut ed in two | ocations:
pl exus arpahriaclhl e | to the s&umlmc wtuarfaacwes aitn tt enref adceer, |
ascending arterioles extend and form a superfici
are perpendicular to the skinlsfsesudface, except

Epide{;:i—:

Der i

Hy poder

Fi g2Sec hemati cmdcagwamdatft dittru st&khirne e tnhaei ne pliadyeerrnsi:s ,
the dermis, anhd9t he hypoder mis

Additionally, arteriovenous anastomoses, which t
in globous skin such as the[] 2@]JITrhe dafe etph éh ohrd recosn t aa
in the reticular dermis nourishes adnexal struct

the capillary loops in the padyiel Imdkeynodasmius as up |



exhibits specific di Ameh grrisehraisdl, ensa riprh otl hoeg ipeaspi | |
from 17 to 26 Om in diamet[elr8 Mnide rceapprielsleanrti etse,r e
Om in diameter, extend perpendicul ar[l 3.0]JtTchet he sk
bl ood f Il ow r amiecsr of rerrecsusghyTrsidlmdlscec ut aneous bl ood f |
from nearly zer-8 Lhmextdemercbudedoa6ross the en
hyper t®even al di seases have been found to have a
function in the skin, 2sluytkpes[2Zd]faenkde tdg[s@ed,ri tc d oo
[ 24]resul ting in significant <clinical mani festat

2. 1 Ndmal i ghkaint Bi sease

Skin integrity and appearance-baiegclesdlelsyml ds s oc
However, di seases that directly affect the skin
il l ness, i mpacting approxi mdt2dllny Elur9o pbei,l |ai boonuti nl
the popul ati on suf[f2edrhse §& odn saircche rco nadfittamnlsead t
di sfigurement, di sability, or chronic itching.
l ymphatic filariasis can result in 2Tjonmbmem!| argenm
skin diseases include inflammatory (e.g., psor.i
fungal ), autoi mmune (e.g., | upmesl)a n oamad) necaol nidg ntai n

[ 28 B.0Jn t hi s sneacitnikoyni,ew twna-mabmmkamt di seases
2.1 SkXiwmuhidnj ury

Most minor skin wounds heal spontaneously. Howev
and acute or chronic injuries can prof[dundly aff
Ther eufnodreer st anding and assessing the different s
intervention and3.38]kfeaecwioweadt heatl memgt generally p
overl apping phases: infl amma3.dhe, i mf olaimmat atriyv @,
involves vascular constriction and the recruitm
proliferative phase characteri®@dt hbgl igalainudtaitom
remodel |l ing phaserdmgthherorighei esxtsr aand@al Isal ar mat
During wound healing, angiogenesis is essential
as an endothelial cell mitogen, a chemdajtracta
thereby promoting angiogenesi s, epithelialisati
healing of fBEpmverwelydsconditions such as di at

pressur e soreepsi tchaenl iiamMpiasiart iroen and [s3léow t he over a

2.1 0Hf2 ammktinr \di sease
I nfl ammatory skin diseases are characterised by
redness, itch[ B®Psoamha&tfidssatoompioc t de[r3nRajtei tainso n(ge c z e
the most prevalent types

Psoriasis i-sommemiroablce inmmiml ammatory condition
arthritis, as well as psychological, cardiovasc
vascul ar alterations, suwhiazdh tportceades epmnd edimadt
Lesional redness arises from these vessels nea
mi croscopy can reveal dil ated [I4y0onnp htahtei cUKv, e spsseolrsi



affects approximately 1[ 3.8 wfant mangérstal npov@u
including plaque, flexurall 4 Elgut v atesecrpestisallas, C
effective di sease management and better outcomes

At opic dermatitis ( AD) i s anot her chronic i nf
erythematous, and scaly |l esijoh@®Dotaenchosal deed
capillary dilation with perivasg¢udldTqhreree hema,t hprea

main sABgAMeuUDE atopic dermatitis presen2)s with a
Subacute atiopipweEedmartytiscal y, er yt3hxhmwaotnoiucs pap
atopic der matiinttiesn spirfieesceanbtisp awpietfalt.2]d scr at ching

2. 1101HfRcstkiionusdi seases
I nf ectkionugli maiaslkeyg aaes &d rpaayr,abaanctt eebriimaplsad di seases
are often characterized by r d SAhFdosr, blaecstiean sa,l a md e
i mpeit$ gmai nly caused by Staphylococcus aureus ofr

sores, usually around the nose @aond omouwshhss] whi ch
Cellulitis, a deeper bacterial infection commonl
swoll en, red, and painfu] 46k.Rejghadfdti g 4dfhfee vti ir mg
herpes simplex is caused by herpes simplex VvViru:
around the-l1moorhgeH&8YphU.Fhmgal (HA3Yection skin di
athletebs foot, ri ngwor m, and caMdcdbapdmseg caus
Candida species, |l eading tol] dipplibk,absigaslrya,sidandc so
infestation Sausegpgabyeti hermistuée ti ng i-Ilni kentreansshe, it

often in the webbing of the 52lngers, wrists, el6b

2.1S4in Cancer

Skin cancer i s the most common malignancy wor |l
popul ations duebdawoed egusclepAtmesh4pni he si© 5¢4 wup s, 9 C
skin cancers are attri butba®}lvee rtad aidsitdocrsmiosfk ieh ( U
canicervar iaoussiafieg2seend t he anwbdas alt ypgeds | c¢carci noma
squamous cel | medramiommama MeS @) Kxed a r debifas.8njo ma, an

Types of Skin Cancers

Localizeligta@amous CeBasal CellvI
. . . . el anoma
epidermi €§arcinoma Carci noma

Epiderl R TR
Der mi sj

Subcut
Ti ss
[ I—

Fi g23Sec hemati cddi agramtofypes of skirfqb®@dncers art
incleduagpedd carcibmecmda C®8CC) ¢camoadnoméa ah B @)



2.1 Ml Bnoma

Mel anoma arises from melanocytes in the &epider
aggressive and carries a high likelihood of met a
4% of all skin cancer cases, ancrertadceditG®talt i appe
[ 6,Elarly detection is vital, as melMnsotmal asiaadnd y
are visible on the skinés surface and can r esemb
may develop in existing moles or appear as nhew
i ncl udéxmo saide xoprosneodn ar easat Comsmonncl ude the bacl
face. Key risk factors include UV ek®pdsure, fami

2.1 Nbmnel|l an®kman Cancer

No-mel anoma skin cancer ( NMSC) is the most comm
accounting for 70% of [s6kditn ccoammpcreirs ensa nbaagseanie ncte Iclo sc
and squamous cell carcinoma (SCC), an[dé.dhfas been
|l eft untreated, NMSC can seriously damage surrou

necessitating extensiveWhut gerSYCCorcalme ad mion ¢ aiurs@
damage, applid%i bt elays e §f .6Bhitgaliss st senour s exhi bit
recurrence and | ower cure rates. Precancerous |
keratosis (AK), can develop into StClCermdlhwyndl agno

2.1 Merkel Cell Carcinoma

Mer kel cel |l ciag ch eaigegar essiC® )eovamc dr ,associ ated wit
endi[n5gadle r k e | cel | polyomavirus and chronic UV e
factors. I n northern regions, where UV |l evels ar
i n #WiVghreas- ndadieadt camnci nodgléhruesseixap opsr eedd oanri enaast essu. c
the face, head, and .AeckHi ageodirequanolbygd a80 %cbé
exhibit regional met astlasnies .t rSuartgmnecnal; ewxhceins isaurr gie
radiation therapyveadi peasedeoerffel. Chemot her a
advanced or refractory MCC. Early detection can

2. 1 .KAa.p4ssir c o ma

Kaposi sarcoma (KS) oasgdmiadtessd faelm s liomw dt e ssleil
to i mmunocompromi sed st[a58lsor manpcplguadisn go nHItVh ei n feggc
or other Eadyyredgitewsi onesasnantiinaleatvsmemdehorar adv e
di s ¢cahseemot her apy with pegyl atedi i pasemal cdoabr u

2. 1VassulCatanmrgees in Skin Cancer

As skin cancers develop, they alterkRisgireoundi ng
shownTumour growth and di ssemination depend on t|
viability and fac[idd]heat eufnodedr asd taantdii ngs wrasadil ar n

i mpoftooant he prevention .and diagnosis of skin car

I NMSGCOften exhibits increased epider mal t hi ckn
net work can appear granular, wWiatmBdOts emger fsipeicll
arborised blood vessels (telangiectasias) are f



superficial BCC indicates heightened vascul ari s
i sl adB4el anoma | esions typically display | arger
regularly spaced curves extendibn/gg] from deeper to

(a) (b) (c)
Fi gB4Teumor angatwareiskew®F]la) Tumour <cells secrete
i nducing blood vessel sprouting; (b) newly form
proliferation; (c¢c) vascularisat.ion enables metas

2.RRnatomy and PhQrs&€laVviogy of t he
2.20r LlaviStyucture

The oralesxsemittiyabiost h di gestive and respiratory

anat omi cal structures, including the |ips, har d
teet h, and mul { i7he ss asleicwdroyn lramdsd pal ly focuse
and soft palates, and tongue, .Bahsiitdieesaoe ap a muico s la
membr anes which is essential to the oral cavity
2. 2.L1.pl
The |lips are highly visible, cosmetically sign
appearance and expression. Functionally, they fo
roles in food intake anchaspeecmpéBeaohslip cemmri
and mucaewmdah with difsT.RAhthopgbpéhei ekin covering
characteristics with other skin regions, it is
found on the hands. The vermilion border, servi
mucosa, choaitrai mhael Iniocl es, sebaceous gl ands, swea’
keratin |l ayer and |l ack of melanocytes contribute
bl ood vessels more visib[l®2]and i mparting a red o

2.2.Gingiva
The gingiva is essenti al for sustaining oral he:
alveol ar bone, and shields underlying structur es
[ 7€omposed of fibrous connective tisssendainal abun
preywyenti odont[a/ld ftdiisse adsievsi ded i nto marginal, attac



2.2 Sbf3HarmPdh| at e

The hard and soft palates are fundamental struct
anteriorly in the roof of the mout h, compri ses
Posterior to it | ies the seofatndp acloantnpe/c®io tviematriislsyu
pal ates are predominantly supplied by the palat.i
and support tissue nourishment and healing

2. 2Tbn4gue
The tongue is a muscular, highly vascular organ
tast e, speech,7.9dned tsovagueo Wi aagscohat weanhwesrak i sfy
nut ri toixoyng eapnpdl ,e meankti ng it high met aldaléilc acti vit)

2.2.02 Mucosmd Microvascul ature

2. 2.Layetrrucafor&ls Mucosa

I n the or al cavi ty, t he mucosal membrane is defi
external [eh®lialonmendsa | acks follicles, sweat gl
provides crucial protection against mechanical f
Structurally, it comprises three |l ajfecennebeiepi
ti ssue), and the submucosa (contai hi78g bl ood ves

Squame

wi th k

Granul

cells

kerato

granul

Prickl

Bas al

Nonkeratinizd St Strati

(A) Epith@hdumteeper (B;)ssuesEpith(ah'dumeeper ti ssuce
Fi ga5Gener al hi stol ogi calncfleaM)inmgersdBgphsdbrabht mugos
mu c olshae masti catory mucosa is composed of orthok
(with four | ayers) overlying | amina propria. A ¢
and may overlay bone. Cells inwihé keratin,| aye
the spiky artifact of the prickle | ayer i's not

nonkeratinized shelaiturmi ewi tslgutamoeles lepyer s) over |
deeper submucosa typi caAdaytpmperde sfentm dPvoecrkleytiDregnt mis
[03/ 12]/h20 24 : / | pocket-@eadsat#y00dDn/ 9

Functionally and histologically, the oral mucosa
masticatory mucosa (25%) [ 7.8acts gad ioianyd |lswadteosaaa o s
keratinized setepathktiedmsqgwhimohs arree amaisrubby] elca ecalt


https://pocketdentistry.com/9-oral-mucosa/#s0010

mechani cal gtor saugn, oducthheast ongue, h g r8dF]opral at e,

instance, the epithelium in attached gingiva inc
t he surf ade.4difni grignigmduvcecosnapnoosheed ad & ni ateidf i ed squam
epithelwihimh makes it .sodfhtiesr typeénmbeenuicwoesdi bhear e

do notseeguérmechanical str ewud.,atienclfd diomrg olfi gd,e
the ventral s@m7B8dclen] @&M]dtihtel otno, n gduueee ttwoo rtkh e trhiec H i n
muc dhsabra ght Tde ocelecural i zed mucosa can be found

t onguwktionhtaasntse budqg 78dd da8BPi]lll ae

2.2.02.a8i crovascul ature

The or al cavity microvasculature comprises a ¢c¢
venul es | ocated primarily in the sukmudcddeal uwmonn
| ayTehrese bl oocoidmpyercseitseaeral p h yfsoiro | i omysgi ticaanl @ eptr o c e
and oxygen delivery, waste remo[v&The i dtnenusiet y eas mpd
arrangement of these micro vessels can vary sign
Foeaxampltehe gingi val and pal at al mucosae are ric
demands and rapid t[u&Zover of epithelial cell s
2. 2.Ndmal i gGraanlt Di seases

Common oral diseases, including those affecting
hi nder daily activities suchl 8aRlereiadd nrmgt, als pkiake aag
dent al caries are particul §B8M{hepree veaxliesnts iann ienxd
range of mucocutaneous disorder s, such as wul cer
t he [IBi5@Bs7 ]Not abl vy, l'ip ulcers arenmdelsatilvel wl cemr

are benign and often resol vOthercklt-mgweghanbncl
oral diseaseg 88nctempas S,0kaii b@wint v lgidnigs[edalsieiss (e . ¢
anmer i od ®Jlt] iatnids i nf ect ¢ @md idd9s@eimasrepse s( es.igmPp3l.]Je x vi r u

Or al mi cr o veassscetnldaitadli s siue heal th and i mmune defer
can disrupt vascular structures and adversely af
periodont al di sease may alter vascul atoamei by i nc

gingi v abi4dfPibdyssutee mi ¢ di sorders such as diabetes ¢
changes, reducing blood fl ow, hi fh&@&Moirnego vieaal i ng
chronic oral infections (e.g., periodontitis) ma
health to neurological conditions [su&h as cogni-t

2. 2 .04 al Cancer

Or al cancer represents a significant public heal
[ 99 is a malignant tumour originating in the or
affected site (40% of cases), foll owed by the f
mucosa, |l i p mucosa, and | §amhi0oRgprbexinmgatl eelsys F0 % qaf
cancers are histologically derived from squamous
(OSCIC)0OQf her types such as minor salivary gl and
odontogenic tumor s, mel anomas, and | y[nlptho]lmas ac

Certain oral ultbareamagpi ngpdsgatemilc¢fer neopl ast



infection, autoi mmunfiltO@rjakt raamai, nogemabki gnasacg c

process spanning sever al stages from nor mal mu c
dysplasia, carcinoma in situ, and ultimately inv
many [e@B®gch stage can differ considerably in co
For instance, dysplastic mucosa may present pror

in situ often appears as thickenseud for&€éhlar dened a

2.2Vastul atur eOrGllamagers i n

Mal i gnant transformations in oral tissues prompt
tumour anfglidgddeOmgmaedserr i ved bl ood vessels are freql
and suboptimal at delivering oxygen and nutrient
as well as contributing to persistenktakbpaesandnd
OSCC exhibit marked alteratioh@B¢gsn, dveassmapurl ami deech s
or al vascular function can be associated with s
di sorder s, mani festing cl i[mi7dal I[yTORbr, gefipairddegd an d
detection of vascular anomalies may facilitate p

2.Bi agnostic Methods for Skin and Or al Di sease:

2. 3.0IhvabBiagndastthads

I n ocoawdng &Gikisemase achidag@arseseids mersty r ensatiannddarrhde gol c
definitivel 0P a@halsd sskin tissue sample are exam
identi fy pat Wdleo i eoplstyehdongesby shavtiaogqgbtpaiinrc hi r
sufficient tissue.Newvleumbhich mesgsi onley paehiacevenconfi
mal i gnancy. It is difficult to obtain informatio
or vascul arMoir evohilearpsnentc arri es risks of jnfl ammat
which brdngcoapfd thgeai nf ul L droge hreu pphagrise ndf. unneces
are placing a finannwhiidhlegbhbtiydergandethe DNHSpsi es
sensi(I8®wmntygkiplBmadc 86 % i n[ lo}Zahli sc avnacreirabi | i ty can
false negatives or positives, potentially I eadin

2. 3.Ndinv ashDivaegndetthads

Thekanmd oral cavity, as highly visible and cosme
affect an individuaEéas!| §pgesakg ano sarsdwbcErma lada n eirrmgr. o
the surivi®h]; rfalk ®8n]jv ansoinvel y and highly repeatabl
orahd d&ikdemase di agno®Biesi deridn vaasspievses meentthods can r
bl eeding and paTonfadmwvasi tdley pagseng .the skin an
i mprove the diagnosis of seawwemadihsoedaosleosgi ies thlae e e
devellompetdhe deerveantad himaigs, b e e n pa-imrpwa seidvaegtdneg

skin, i Dnecr | miodsiecmogboyn f o ¢ a | Mitgohestcoapfyd a S {ahncdg h
frequency[ L1l6F acmaln dicrawameyty telondés@ | i variy$ 1dli7algno s
intraor glll18tmaunnerspectral 189l ual emc[elnZolsl@dgnagi ng
mucous membrane Dermb2kajopy bemncexpdopyled for | ip
I'n this sectiomepi e svedil v adstievgedned ¢hiotadhse f or s ki n ar
di sedaesteecti on and discuss their | imitations sepa



2. 3.F@r 1Skin Diseases
Vi seixadmi byt aonexperienced der mat ol doiga gsno®hdssai ns

approach relies on identifying chaolhgteBapés cs C
and distributi.dtms ofmsdalmocemalsikti nesli seases that

skin (e.g., eczema and psoeixasmi sNetviearm Viides usdsisagno s
examination depends heavily on thethddi hBceanés e

in appwahaiahceéepduaesuracy and s PBeciitdiesselhigkeeef t he
SCC oftesaukexlhée bétharacteristmicght nnedqat ®eaaelly isnhfalg
detection and 1lt2Rehebntutdi edtotwlhber moscopy can i mpro
specificity and accur acly2[3diff25tthe skin disease di a

Asnoinnvasive imaging heshhégome ®Derimopcopgygnt t oo
assi st in diagnosis and is inCom@aan eaidil gwu duls ed i
exami nabDeomompopyes the di agnostbiyc meacgenu rfayci yn go fs ks
| esi ons a.ndResctenutc tsutruedsiDe s mio acwaenp sbheo wuns etfhualt i n t he
of mel [ah6da2 ® 4 s al cel]l 1XxMmlaodnomdiencftliaomunsatanmd s ki
di selakxpwevDer moscopy requires ¢ihfeficdiiammdc at r adiorci
requires modieadhd®i2§Furt her mierenosm@ipglep ees on

classic skin features, it is |limited in diagnosi
its specifici-pygmesntpeodrenr haeaawiolny3]p,iBgmE3ddelsd | es
der moscopy has a | imited penetraspompdi@&mi h, only
Confocal MCMYsosmopw Vvivo Iimaging technique with

100 t o,p3r500v idinglecs o |li untaigicerdeat er al r eb.00 a®@moaxohl 0. 5
resol uti o@mjofephdeder mi s -epi ddédremaller jfudn3c6tMicsn | ayer
beneficial for diagnosing skin cancer and ot her
of skin |l ayer g la3Hdwkea dp e lkk e h alsi rsietveetdiad msat ol ogi st
or pat hol o-gestegednoetccomdloalr oscopy may find readi

i mages difficult; its ability to explore der mal
epidermis babhdndeephdemmds,; it provides | imited
cases dfanpaalrmop hyperkeratotic | esions, crusts,
being commercially avail able, itg18i8dh cost rest

Hi §glr equency wul trastaumad v(naFgu)n g st eac hrneéaglue t hat ¢
skin |l ayers anfd 3dddetmdraddtirewet war did ghies bakleimo e ut h @
| ayertsi,f nt hqpuuelntcryas ouwidi2i B F WfHze quiesncryor man |y used
der ma tgoil voagryg i a | resm | tu@madndda b & r al resolution of =
[ 1316 additi on, an ultrasound device with a fregq
an axi al resolution of 17 to 3ploatjialned HF U actaemr a
provide more penethbraaste d ni ndaegpitnhg tnmeatnh codpst;i chsowever

resolution is stildl | Awehoudplmrnambsghepticaguemrmd
enhance the resolution, it al so reduces the pen
structure, therebgfinmitt iporoviiddageg af htilgeh deeper s
| aylenr .addi tion, the contact interface tr.ansducer



Phot oacmag(thhAglgnovel -andasowme i maging modal ity ¢t
tempor al rarsd lawmddti ehmagh cont rsaksitn ibmaoglep ¢f rbdhrd tthies s u €
penetratiBAl diempt bi ®lIf ongai vceal | e ntgit shdnuded¢sh einstleertmat ol o g i
appliowatihorn,he | as@00 | ngeAtl t icrant hhmashea etabe wi t h

approxi mategltirdThleml!| at er al resolution of PAI is de
of the ultrasound transducer and the optical foc
dependdvanrdwti dauht oisbbefdl 48 phjCohisedjuent | vy, with t
frequencer t(relgdd Mi2Z®A| ¢t healpartoevriade r essramtdi on o f

an axi al reodl. idm #Ad wd 2@ t he attenuation of ac:
depending upon the sof-offti bstuwedrypteke ¢shaticali sr
i maginpldéjpiom the centimetre penet rmnitliloinmettrhe; s

in contrast, i nOmhepeappraxi matethel@pati al resol
Om. I'n addition, PAI system is complex and costl
synchroni zation of | aser pulses and ultrasound
adorithms, making them | ess|[ a48Fkssible for some

2. 3. FaO0e DlIi sease

Sal iddiaagysses baseidnwansinwen or al sampl e colbyecti on,
analysis of saliva for biomarkers t[hladtBgdirndi cat e
instandbde omdrhlkcer@SCdefont @A/ mMRNA or mi crgRNA bi or
met abol omic i booganker £ ompaawmnpde pbi dma rgkikotndd,r k er s
However, salivevegcldalalgeangé s chhipli lc § L 4mdkehgeet s

conditions and methods for saliva sample coll ect
(2the differences in potential -cCSNCcCers ailn dviavriyd ubail os
OSCC patients and the |l ack of specific OSCC sali

I ntraoral scanners can be seen as optical i mpres
patient' s dedutaed mgorcdrey di scomfort and inconveni
i mpredsdsiddpswevienrt,r aor ahlads €t annetties in soft tiss
di agnosing diseases manifesting in [tlhee8]mucosa, p

Mucossopwnds for the Dermoscopy of s kliln4d9dli sease

Similarly, the mucosabpywucans mamgmbf gneda htor or al
incl beigg or al | esi ons, i nfl ammati on, vascul ar |
di sepse8] mil ar to the ' i mntads ooy i #habeersmosslc® p

l' imitations with dermoscopy due toles[@@Aa]be see

FIl uorescence imaging uses the natur al fluoresce
abnor mal it iseesn,siitti viist ya;t ihimmg hviinvaog,i [ndgrRl@nergetaitg weu |l ar ,
the normal fomualropbblredbabsi ke nicotingmldei mdenir
adenine di nucleotdrdgen(FADYyeduced fl[olr5n¥H & f ni cot

fluorophores absorb | i gshat0 antm)a asmpde ce nhiitc ama ve | reing
(5120 Tihrm) fl uorescence of NADH maked nhealntthhyastiss
t umanert,abol i c alterations | ead to changes in the

makitrugnaurssue appear [ak4ladavekvierb aefkc anmeasi magi ng



appli tatesnsever al ' i mitations, including | ow in
|l ow speci fiigiagpdi hi thi agdolpse3njetrati on depth

2. 3L3 mitations of-i nvhaes iCwe r dett h NN

hé i mitati esmd i vary diszgamaeeic ® s ccaopyf,oaat almi cr osco
rmosc &fprgehquency fulutoresacemd ,eP Aipmaegsiemg, taned gaps
solsupteicoipfd cattryat i on dept hDu eatnbde ulsiemi taactcieosnssi ba fl i
vasive techniqgues memteigdinoa de aanb cavihen,g rtnhget rives diasl iatny
at can provide moderraetseo |l peinmotna, @t @ hasie pt magian
eteod ov ¢ hesahmer tOpde .al coher enchea st chmogdir reppattryari(t O GT )
d dsiksieha g h o 5[#E5wWiJt h t he ad-vamé gdes I(oEtw npena |

mogr aphi cl-3i nmang edse putph tion ThhiuGsCoghaalt hé sabielsi. ty t
e inherent weakmesksensy oft oat hheirg hrheyt hpordosmi si ng t
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der mat ol ogy .Tama foalall o wiarvg t sye cOtCiTodienwa illl i ntroduce
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2.@ptical CoherepO€eano@dgrgamphgyr aphy ( OCTA)

OCTi s @& nwoansi fe,e el a mamla IV imagmaodial i ty théati gbhan pro
resol5t@mdnt © moigmaagehs cwi t h depth infornmalti®In up t
It overcomes many weaknesses CiumhemdantOCiTn i tmae i anlgo
is mainly |Iimited by the | ight source sweep rate
i n s pdeocmarianl ( SDpPpDGELt St@asearch SDOCT-scam aa@ahiceve
with specifard colmpdamiétigines SSOCT sy40eMbBzawht bBve
advanced akindtlibcdl]swdp@dté 2dour ces

OCT is relatively inexpensive, hnghiweaposuadl e a
to observe shorfthhu€igiut ¢eram|l eémamgay.abyp aredi ce f ol
ordilagnonsdash.i s sectiomri hciwpldisfifodrreondtl cgee ntehreat i on
functigognalmdO ®Tubsa s@QT applications i nddrhtei ftirey ds o

2.4 PYi noff plOE€T

ThieniQGTalsystem was developed in 1991, employing
t he-clodhver ence | i ghotptsiocu rMiec hfeol rs[odn6Adfijnbteaer ft dirad me i ear 1
the first inbyi O€Tr swasQaanvnacirhtaipablei.sat i on accel era
acquisition of an OCT startup in 1994 and the |
device [IlBBR§92604, OCT procedures haWntridacnhoewd 10
OCT is integr alantdo roepchetnital srtod doigeg)s have shown th
der mat[dlédddye nf t1i6 Htlornyc[oll o7glayrmd d i [oll 608g]y

The -dohver ence Mi chelFs aggn2-e)ierst etrhfee rfoanen cat i on of OcC

broadband | ight source whose output is split int
the ot harr.rtotsf ttdhre refl ecti on, both beams recombin
lightdéds short coherence | engt h, interference onl

reference beams <c¢closely match (on thes otrhlies of
interference pattern.
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Schematic of Mi c he

Fi g&6 $c he maMiiccheohfsemf er omet er

I n itmieti @Wlomat hm®OCT i mpl ementat-soan) dieptlobi aif oed
translating the reference mirror and nlehaissuri ng t
tithemain approach directly captures the depth

interference signal as the reference mirror scan
to remove background compdnédmtck scmd texterdadti gthhe
produci ng-bamsesdnddensi ty

The axi al and | aseerealti absphuobaimen serreasroblourt-i oobnt,a icnrion
sectionalintmasrgrranlgt of es i nA>ii @ll og@® &k ttédi waes u e s
ability to distinguish between tanmedtpoisntdet &I onm @ €

mai byythe coh@renceblregdieht ba nldSmdudihfsioamadcHeor t er
coherdemgdm provide a hiTgrereqga@aitalonr é §oll6@yi ah. r e s

30 CI‘TC=— 21

) £* 3
wheres the centr al wavel ength hoet Htudd hvadgdht maaum
(FWHM) bandwi dt h, o#iing hteh d irgehftr apoetdiiidare rienf doerxe ,o0 fOQTh
systems typically adfmeve ankbalerewdbthtresseanpths
30n using ultrabr oald7 Obja,n dWigditilu ndauremd s | l'imit is
available bandwidth of Il i ght sources and water
(common in dermatol-logwyégl, axihaleem) eg elquti itebs a¢c-5DO0
bandwild7tlh]
Thleatree sad I(3wti isdvre abi | iptoyi nttos rpeesroplevnedi cul ar to t he

beamatndi s determined bgN#mYe tmemdroiCtmaslg nagp drpthsres
the wavel engt h[ DTARhti geh elri gNVAt asnaurscheor t er wavel eng!
| atreeg sad [Purtaicotni flcea | Il ayt, e riasl dreefsionleudt iboyn t he beam di ame

i sonsibdyerrew ti plying theladoulbd adibreg nt &r7adli e se pwat i



o =6 Q e
30 cl/laeTé—,Q cl/laeﬁ 2-2

whemies rtehfer acti on i nddex tdfe tdh e mmeé @dira,of P he | ight
entering the sobjhectcelnemal) wavel @mdsht bé tobeudsig
l ength of the objAd dthalighb erinn NACT tsiygshtteegm)i tescusi n.
allowbBi §ber | ater al resolution, [ 1l 7B3d&E tsaon d = dfucre s
the range over which the OCT Snsesltagtmeod atno mah e t vaa wne
of thé&utsigte.the DoOF area, the intensity returne
The eqoufattihben Do F c[aln7 b]le wr i tten as

\

€

$1 & —= 2.3

. !
Thet Wearcst |t influence the peneartehtecant eleipnyp and
absorprnomerti es BdIr ntsh,ea lotmigsesru eveahveeld oewnegrt hscatt er i n
coefficients in Dbiological ti s.sukeswe vreers,ul ahb snagr pi

increases at certain wavédusngi hsskiimmhirmaggntgh gmpg
e. 300 nm wavel engths) can -2amenh i dewes tao pietnsetrraltdto
water absorption and scattering compared to its
epider mi s[ 4A7dldé ydee rimntahgei nlgi,ght wi th approxismately
opti mahreeftdrna and ot her ocul ar pstnredctaur en hlega ths
mini meanpgédliBrhgaddiat iren ati vel prelhodesr hiwvghhelengts
which can provide more deThus$shéenpéehetraetioal dsp
i maging depends on the wavelength and power of t
the absorption and scatteri ng Tchhearreaf cotreer,i sitni ctsh eo f
design of an OCT system, a compromi se between d
found for dif.ferent applications

2. 4D2 fferent Generations of OCT

Different tymgdasafifniO@iitwope stemaimOQGTTDaynd- Fouri er
domai rOQTRP) shdwmg uwHirmab2d oompbdhmrent differences, t
FDOCBrSeDOCB NISOCIThe fundament al dOGCT i ar@CT®WD bet we
i based on t heTDPBOCdle tuetcitliiozne ss cah enmoevsi.ng r ef erence
formation by sc-Byrmnimgas$ hei sgmphteepbémeéence only
ngt havhimathch,s sl ower and requires mechani cal m
ow i maging speed, combined with the fundament e
anning (where signal is deteetredeasionkvytgneod
-OT. While movement artifacts can further deg
mitation is the inefficient ube obnthkCalstlt abFB ¢
ptures the entire depth information simultanec
d applying Fourier transform@C€CTowitAhassipamniaf i
nsitivity-3ady&ywytwdggeal ( ~pPdotons contribute to e
at her than being detecfTedsat cloall lye nogdees dleipmiht [
applicatnoscean &dor a 3D sampDETFDOL habst Eavtatrves
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i maging speed and higher sensitivity and resol ut
and commer[clicadl]lirz at hiosn secti orRQCTI awCTS Si annd otdlue e
functional OCTs that are created based on t hem.

Sampl e

Ref erenfe Mirror

Light source
Beam S
& Combi

3'9”%'—_ Photodetectfor
Procepsing

F A-scan

NNANNNAN

(A)Schemat-O€Tof TD

Sampl e Sampl e
\ Ref ereng Ref ereng
Light source Light source
Beam S S Beam S EEES——

& Combi

= Phot od|i
} Detec
A-scan
Signpl R
| Procelsin
(B)Sc hemat-OC€T (©)Schemat-OCT

Fi gat*rSechematic for typic-dbmaon®qTd,os)padtdtornaalo h ( A) t
(S)CT, and-s(oQ)r csOpSLS)

2. 4SDerdomhin OGCTTY SD

SBOCT wugaliszati onary r ecfaeprteunhcees emmitrirroer daenpdt h i nf
simultaneous!l y [uk7iTeHge rae fsopreec,t rcoddmepte@d®8&d htas BDf ast e
Ascan (depth sinideemtt non)nead ea mechanical scann
The speecuttrioamezteesi f racti on el ement to spatially s

contributimmagebnt whitcheare-splkrend 11 ¢ oeTWes,nbtghaaneh ia
Ascanate -@OT S highly ekeppesmudentanan rteltaeddout ti me
higipeed sRamesntudidr epor tSE&PCT haan aeshciaenve agdne of 12
kHg177pR50 1kB8% ,43[01 k#HRONd1l MHIzend ]t h scpoeampiofaiecdt s

al gorRedansdi nght hdeuibuegminesc88hbb)sdicoodremothuey used

t o birtoed emi sdioan axphd cetvrinnng hi gh a>xihalg hr esd @albu tlii dry



and reliabffidiyentatnappeéecatr poevé Li7®i] thlg io@allbamids sue
| aser and high {O@d3gitmerehgedv tteltsd i $HDi ngghe nssiigtniavli t y
tomoi se ratio-OemdsmakahbgeSDor clinical usage.

2.4 Svedburce ©@CT)(SS
The princO@Wweaestiof stSSpr opl[ols&ld]lc d mp alr9ed@T ,t ot h®D mai n
di ff eorf e@®Et hhe ght. sTohue cbher oafd BKBCAId ilsasaersour ce with
' inewidth that can be rapirdhgesicdafpedt nomet ar wi r
SBOCT i s r e pH alcaeml eitdo dtehtiee cotnoereesp,ovlavel engt h compone
of the interference signalspierddeothppdindleceaeboent
wavelength scan forms a specsiml SBOQCREDT2F ogram w

Distinct -OC,®b mmestddeen SrDOICEl d fs IRt eswd mte dr ebtye tchfe t he
SouAcetudy has -O@Tp ocare da d hiasto &h$600rd tiwki ldliedA-1 o n g
ranygrabdvii mMygli n®R§c antvancessaowmr csewetpechnol ogy hav
speeds higheat hadE ur rseynstt esnsatneswademahesbr atammgAng f
MHZ 1 8u3s]immi gcea loe-mec ani cweelr tdgaosdsiteayh-and @ tai snddE MES
VCSEdources0 tMdHZOwWi t h advanced léllinefiapléwepting
i mprovemeRACTo vseyr€bimar e OCITHSEDOT e EVveaerdslant ages

[ 18RI r,sitw ly t hseo usrweep tl &€OLelr ,c athheachd magi mg hs ghed an
mai nec@amnsi stent sensitivity and si.§havhi tsht rheingght h t
i maging speed -Q@@T cs@mmrsouve viitiegi,se&SGnati o and provi
i magireg markg mgrsatil e and power ful taol i n both

2.4 Cdmmerci al OCT system

While the preceding sections have described the
research SDOCT and SSOCT systems, it is importan
currently wused in clinicaly,prpacttiicceul a@CTly iin @ plh
where companies | ike Ze[i 5&5]8a8nd hHeiheelrb&€i grBrsgipt

(with Spe89fmRrdy&99ét thespraenddaebdlghor ohi gbtinal
These advanced ophthal®micansyatems-de@x ez hgadOiOe
i ncorporate sopbkshpgcabecdi elylglit]le moti on artifact

In the field of dermatology, a | eading clinical
Ltd.), which has promising potential-i mnagilvei cal
di agnosis of skin enendintoinmmss&inimarciTheulVaviogi godn s
6 mm x 6 mm field of view and an imaging depth c

visualizing entire | psbafisteavdvoBagatt ©CTzsn0gnBE
have a sensitivity of 92. 9% andl 98 Jnmsapkei cnigf itchiet yO ®T
technol ogy more accessible to a wider range of ¢

A key performance metric for comparison, however
acquires a full 3D scan of iits 6 mMm x 6 mm fiel
enabling comprehensive i magi nigs swms caecpqtuiibsliet i tom
artifacts from patient movement or probe instabi

for meoaensointi ve techniqgques | ike OCTA.



I n contr asbtu,i |ttis e wrepst WBT ( SSOCT) system utilizec
Chapter 3) operanhesaadaeshofdh@&OO0OAkHz and 400 kHz.
acquisition speed, making TA saanaChetedBigl, ddsitmrF
is the key technol ogical enabler fompetlle natiumar y
of our SSOCT platfor#wumaleaels fiotr pleawvtil opl argl wnwe lt le
scanning pnbedcbhsChapsers 6, 7, and 8. These pi
acquisition times to 0.5~4 secongsedasiyeaemshaitdh
this thesiperoioesnaachi gksearch pl at fodr s otfd whe el
and processing techniqgues that could wultimately
hel ping to overcome current clinical l'imitations

2.4 F4ancti oMMolda®DCT i es

I n recentbascad smetOCalds h avteh eb efeine Iwdi doefl[ yt TURsheidc ailn ¢
Besisdeeffmadncti onal ities of additional mechani sms
being pUlibéighieary functiac@@bBngxognapbygs (OCTALT
el astogr agpnipyo | @O ®B)a,si t-OCE€E magENng

PSOQ®T faedrdsi t i onal contrast based othhasssessemebitr efr
aligned fibrous structidrRrdgd . Neivied® 5heilllesrsequiameas ma
pol arseasibhve components, making it [Mm®red compl e

OCkBssesses microscale tissue biomechbhansed drhr ouq
wavbeased) -magded®CItrai h1lHHéehEr emaritysi ng wave prop
| ocal strain, OCE can estimate stiffness and del
into tisWWhePROoGBACPHroyvi de compl ementary structur
i nfor mat i oma,i Atbhgi ussGBh ecann 8. OMeTApr i oriti ze OCTA bec
[

magicnrgu tiosal reveal ing microcirculatory changes i
2. 4.0LTA

By analysing skin signatures-deumbhl| agsubhbei def and

structures, most studies confirmed thgqgt20aQdgT si gn

Some typical results indicated the percentage of
(Dermoscopy), [20@ Ja&h™d. 8 h(eOGTH)i | ity of oOCad for dif

sensitivity ofofRR8%6&r2d 3dspkeicni fhiicoiptsyi es coul d have
avoided employing QOCUliHowxe/%rqf tihrestremsadd s vari e
SCC, and actinic keratosis (AK)) and overdiagnos
groups OoNi thNfMS®.e develnopumemduiloda garfOdigh act ed i nter e:

OCTAXt rnaocvtisng red bl ood cells from the relative
tempor al change of the sequehd@RBe a@ChBndi gruplp rfers
bl ood whkewmiedher variance compared to that from
reflected signals oOCTAehasvi b@f aowmardhiavgehl yc,el | s.
spekbidglkesoland osfgregnaet ovi3dDi nmg crovascuhat hree fi mageses
opht hal[Bd¥dgwmat] 2I0ebg ¢ [o02r0abl ]



I n der matmilcargog ciumdamgraamot only help identify skin g

but also provide i np2@hI0DViJinrcteo deygteamied dni T DY AS
has been associated with cardiovascular and met
obesity, and metabolic syndr ome, as welllo]las an

[ 21RBdcent studies have shown that OLUidAlca® assi S|
[ 214 nf |l ammat oprayp)ldi2 edslsssad (cee.l[d2 lebet . n nho[ntkle#d]lat osi s

and wounld2 bhRppel ciinfigi mali Inyg, an ar bori siMMSTbaesel is

benefits of OCTA in NMSC diagnosis have been der
bl ood vessel di stribution among BCC, AK, and SCC
in SGQIuRO. 01) compared to AK and BCC. Sensitivi
|l esions based on vascul ar diameter and pattern h
78%2199p a study involving 52 | esions, OCTA demo
|l esions (BCC, AK, SCC) appeared significantly mo

(mean depth | esional: 0.073 mm vs.BCcConltersoiloonsO. 1
exhibited a significantly greater superficial V
scc (P = 0.001) Il esions, whereas no significant

|l esions ([P2P2DhQAQs1O0OHDCTA has emerged as a valwuabl
mi crovascul atuneaséewvabldi agnnens and effective m
di seases andBC@Kce®8B8€LC 21L85h, ak219], [221]

I'n the real m ote omsada aopnpil ciacla tii mfnosrfmrad®@odnhas or al

proven to be of clinical [ hp[2X 2 Badnwcegy eire s gar c bus
indicatedtatbbatdi © CE€renti ate between or al cancer
[22F7h cohbhr adte, reOC€AAcCckast eyl dveasc uwltart hiemages
capi-l ¢daely reisdiwomgi on di sease identification by
perfusion in oral ti ssues, bhebedit2caBmng, r i[b2u2t9i]n g
Speci fOiCdal facilitates precise, quantitative moni
healing, enhancing the assessment[ 2a2n9d] under st and

2.4 P5inciOplte cafl Coherence Tomography Angiograp

The previous section has antddbdecirdd@he Bleant ac
di agnosis of skin and or al di seases. This secti
OCTA al gorintdhméie current c¢clinical applications o
of dermatol ogy and dentistry in recent decades,
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Fig&8Schematic ©OICIThAsTmawmomi ghl i ghts five points

ti ssues (points 1, 2, and 5) and signals from dy

and 4). OCTA aims to visualise the dym®a&8milc signa
2. 4P5ihciple of OCTA

The fundament al principle of OCTA relies on det

moving red blood cells wit-gQual tthye QE@FA uilmdage.e.a ]

of OCT scans at the same | owat ircerp &tessti nHeecsg s star vy,

gualndy cohmt tdet O@Td 1 enaigley proportional to the
t he OC[T23Ijlamddiat iseemri es of compleaemndrmgtelre matainmaling
protsaceeslsenti al for OCTA i maging.

The size of the OtChehsipgR @lif X ollb¥el wKRhi s the num
repetitions in one OCT scan, |Xataexds$Y ama tZhd sse¢
sampling poi.hhsaddi akbal hsaadkerss cNiRs ctaomeest aBken at
samd iBhe pamsi ovem to be afnohre§hi seeanttsteagkbgpd c
resolmitciroonv asnagia&rd ] ,As[s2u3re] t he mot i odnurad rtge ftahcet [
OCTA scanning process, the higher t hBee sNiRd, est,he b
before achieving the theoretically |Iimited | at el
| aser and numerical ,apeértoréhefcopstistserti efmeatd
hi ghemnmehe cal vallhieghhér Xt laedsd XImPOICHTeAg | dh@agiSt, y pr o v
more detailed i nformiatrioovm sahudlumnt csolinchnesambgeen e d f

samplingthewi at sakns i < hdataecrtmirned ibcys tolfe t he | ase

Based on t hseveO@@@TA iaglngadr,i t h ms iwecrl eu-dpi rigdp@agpshehds e

i nt exnisgghtayd ed an-di glomanpd & xXOCTA 2 3B dsvieiggnaad ed OCTA
suclphawseri ang23@CT kf sawrhfleirmi t ati ons of Doppl er &
insensitivity to f1l owl bpaesr pleenedn cluil mirt ¢ d tOC Tmajearm:
sensitiisnmutdi @n, machine vmdtriad n danrttesfiag@eysd evd i an
OCTA measucrveasr ytihneg tsipmeec k|l e due to the scattering
be measured by treating s evgaureynitniga IMseppbehdakelkess as s
speelalrd [an3ae |- £ c tamp ni -tewcdoe r enlgatoiggrraageayy mi t i gat e



the requireopmaste Somabhil ghy, achieve high vascul at
bul k moti en.gh@dmpl &©CTA utilises both intensity a
sensitiwWedympdsadgdeinfjoompl ex di f[f23a8nmt iraolbuwdr ipan e |
component 28®de ypsopsul ar mestihgidesd efdo rOCcTAmMpli g x a | pro

2. 4.0€CTA Al gorithms
As menti oved@@DbA veael, ghoarviet hbre en pr-@palsietdy fOCTA iigmag

const rHocweivobECTA I mages generated based on variou
woul d haper V¥aragmamcs@®€sladdclal gori t hm has i[t2s33gwn di s
Thus, in It hwisllgterch ikapeeevlkalrea ance (SV) and eigen de
al gortihtahtras r el ati vely stablpraods23i3gly efficiency

Speckl e vaCTaweddendSM)es the visuvualization of mic
the i nherpantt exmesc k I OWITo siemasgpeescikd @ from t he inte
coherent ' ight scafftéBpdcdlyc uli stsiureg stthraucvt airiean c
patterns ovescSHOQUEeMmettiaa@d OLITf f erenti ate bet ween
scatterinbgepaebyi ptesiding SMaCTA cnreotvhaosdc uhlaadr bieneang
for-OGBNd-OLO devices denr mahteo | foigeyl da npd?2 41 B hal mol o
Basefd283BBRECTA can bEg#ritten as

As an altermngeinvaememp@ BT A endantblfcE D) h® npr i nci pl e ¢
ort hogloh4a4 0t yhogonal ity gave the idea that an al
Subspace eigenvectors is orEtBOGFANnal mg ot @ hextsi @
mi crovascul ar images by suppressing the eigenvec
t he st atiacc ctofrtidTidgs tpa oc e OLTAf ctame bED i vi ded i nt o
whiacain be WwgddtatnendBamsr espectively

2.4 App3 i cadbC DA Oral and Skin
OCTA has revolutionised the fielidvafsimediyc avli siurae
bl oodTtl é olwi gh resolution of OCTA all ows dlhieni ci a
earltmgeeading to more effectilwmeomanh@@Tiesh D gyf tF

extensi vmbpyiatndle d gm®tsienal di seases sucrhelast adld abet
macul ar degener dR2i0Bdcemanidy gl miucmonaa sssihloavre di magi n
high potential in the field of dermatol ogy and o

I n dermatol ogy, OCTWHai skuwanp lli angeél disréksi gm gai snsfel sasmmat or
di sdasfeme | anfodab6]Jact i nifc2 4kdehrdat mtsh esr [s&kATIhos@ancer s
publications h®Cd&Apcaneprohantdettdet awialsedil amages
withinale@es$ingns,n t thetdiefefne rbeemtiigant iaofd r ma Inisg manrcte , g

OCTA was used to monitor wound healing in multip
gualitative analysis padmy aodd itthije® Mzil]s csut luddiowre e i r
t hat OCTA has a high potenti al f-omv asises sanec t hiod
resolution microvasculTabsteedi enmgeavenshewmnonhat e
tprovi edeshoilgunt i on i mages of the skinbés microvascu

detection and dmoesreiatsearsi fregicddf s ki n



I n ovhal e ®E®vmhdaesl y agsma&inmviasi ve i maging techni qguct
resol utdmeaed , hiagrhdn emtordaetrijfpoRng[0dpdpd la st udi es of or al
and caarnecesrel dom bBaysiesualhmdDfCidgvabkbeul ar net wor ks i |
clinicians can better understandotdéiséasgnt of
ul cpespqd5WiJth the develOCpmevrhti cthif ctomes i SEsl @df a |
probe and socabamrdgwiaddrertfhel dCDA ivi ebnecoming an ¢
for the as sceosnsdmfthi8o2npsf p22a¥9], [ 258], [ 259]

2.4 A5 vantage i amdfi OCT A

Based hen above historissatadlean tcavyg d@& Qileia driars g
technol ogies for midcerronaaasaddolgart aulr ea plgrbavgid dhégs a mis g h
resolution images that allow for detailed visual
| eyv2eplr ovimbadseraat e pemeh-bhatimnpomsseéssictuees of t he ¢
oral amdsbapefreapi adpeatandolinintvyajsmasei ngowlsi Inet
require the injedevemtlndl et rtalser eneldiimi tsg itlhe so
performance ofen@@TAonmennctlsi.ni cal

According to the above review, the image quality
the number of repetitiongoaf eC@ddspslcchihsodtveéedheeba
bl ood fl ow speeds that are much faster than the
Hence,hairtd itso visualize immcrepadd wslicaim&B0d]fi mage s
Furt hemanofrfeiecpiieetnitthteo @ 8 uibrfic rtehaes entoh s eOMBAY ewh i | e

increasing the number of repetitions wil/l bring
data60] ,Thjusgl]Jone of the | imitations i s motion ar
the sample area and the sample | Ehesduamnigf adesr

obscure details of mher OCHE#Hgeal 2621 e &d263jeduce

The additional | imitation is the relatively smal
which is settdr8mnri 88 tromemsy ai2@@TWhi |l e maint ai ni
the spatial sampling rate in the | ateral axis a
view would also increase the time of the OCTA sc
artiafnadctrsesul ting in | ower i mage quality.

Be s iwlietsh an uhmbgehre ro f repetitions of OCT scans, t he
i ncreases ptrihrcesastitngpdtmM@CTA al gorMohesvekres ewed
OCTA algorithms would require at |l east two repet

signals from the surroundi ng -tsitnaet i&CTtA S smae i snigg n a

I n recent yeamrmnd Isoldfdisnehda erdevtarieds have been prop
l'imitations olfn OICaAAd waraapice glaustwreapnt st fln attlee | aser [
SSOCT t hedsspceaetd hcaafmer a i ar SDOKEd common met hods to
scanning speedamnd tOCerrAe b ynamii migmi ze tthhe smonteitdvro da r |

is Iimited by the ¢apabil datestofanshedhapawdr ¢ n
increase the cosBewoifamshoeptOCTal s ytsrtaecnkoivnegmeayt st em
compensation is proven be[n2e6itiqwiearlerf on histiteralhnoOC

complexity and cost to the setup, and .Tmheght not



i mage r eqligdrrfia2té{6dktOrjeer oposed for reducandg the m
enhancing t he ONEeTVAe i tdegpekegairailtiimps mi ght not be e
or complex motions, i ncr e a sceo nt shuemihceogm pmuatgaet isatn alc hci
can i mprove the field of view for OCTA imaging b
OCTA scans, which reduces the effe¢g¢lifOéness and

Consequent ley,i sgiiwegn atdveencements and identified
settingsnmurtgleerteoniesxgp!|l ore i nnovative methodol ogi e
efficOmencpr amipsiomgec h i s t hel elanrtneignrga tti eoanh noifq udkeese p
demonsdutagtesdndcegs in the vari oubBy meelviecrad gii mma gd ene
l earning algorithms, it is possible to address
motion artifacte, datda | praAdesssuibnkgt htgiimues can o
per f orfmarn c eenmahgaen ¢ e neeeng meaant dat r en p nt hterr ledbtyi omat ent i a
transforming the cliniThhd faplplldwiatd one wtfir dCd ¢ € CH
st ottt haerdte d gparning applications in OCT/ OCTA, hi ghl
existing |imitations and improve the accuracy an

2. Beepear mingi ts Applications in OCT/ OCTA

Arti ficial intelli aoppdceée edAlt) WasAbesnmeibsdefayof iA4
de elpeartne ailgnfi ZyWhedsv e 4 hapiorwe r i n i maagned v ghrachd egshs i n g
potenhéeal t[i2eva2njld medi an bl [y2e7d8je | el de@epd msgi st s of

many algorithmaneandl appt wackss,and deepe newer al |
underlying techndPd@NNs$ nb ble etgphead eaaprpnrionagc h t o dat a
tasks by extracting features from fheqguepay da
informati R 7BANcmagiensitl t dfpl(ee . lgalSantsdr 27, & mc h

|l ayer is trainable and transforms theThinput dat
architecture all ows DNNs t bded,teaawwark i fisayad tt larbdse o nod
handling the intriEsatce ted 2IGtTr]amdddibc aala i idgad pesset o f

129, 450 nicdadgelsB g types of skin difrbeapesformahaodi
the trained DNN in diagnosi ngcesrktiinf ideids elansrensa tnoa toc
addithe®nDNN proposd® 78yt Nagfpald med thet dlei proal ad
cancer [@riBdcegtly, the imtegrOLTi OCTAf | DIAIYs anal y
teignificant faidegladostsecmametng aitn am,d dercoin&dBfucti on
[ 28THi s section r d&wiedwsohtgisEnoeDMINS amdT lareecvhiidtwe ct ur e
t he rdewentopdned® awhia snegd apipn i clae i bnel ds of |l ayer
i mage denoriessionigyt isounp,erdmad 1OE€TO OLITAUC MBgRS

2.5Bxi ef RBPesepwNedr al Net wor ks

Since 1988, as one of the earlies28onwnval utviedry r
utilized a backpropagation (BP) algorithm to up:¢
includes seven | ayers and was initially designed

t he succeAlse xNxat3e|MNe itesitgsh to fl parycewrisd eachdt he best perf
t he | maagredlatie e.c,l alsGGEE) aisma § éicat 2Byb 2itnacsrkesasi ng t |
networkodépth9 | ayers and reducing ot B¢AG&er,nel si
161 Dut perf or metdhlemag>MNMett ich aisis i P R&/#gd men afa stkh e



successor s-16lf9Re hMentV/ €Grheet eede si daumad tlheea r snk,ing conne
enabling the training of thkeOVergr dée@PHhéenz all ayne
resi dual connection addressda t hea idneaempg snoeftnwgohrgkr a o
| eadiamiggher performance Basemage Res[dtkg@Smls Densedle
proposednidnifretbrsddducedi dassbetwee@actvari ous convol
i mproved featurdemormreused farcd emtovircae ni ng and bett
mod e | pakFuaumehermbee hi gher effici ¢828cganCNoNso vliidkee I
the best performance across various be&nehmarks
devel opment of CNNs DBHBbBahwewnhe hadvamtagadl!l ef i

recognition, high performance, and high efficier
vi sion and .Almtaly@ N ilmaasl ytshiesi and eaxntraagce i hgséodcah f ea
|l ocal connections and sliding wi ntdeorwn nmencfhoarnnastmso,

[ 28Filnc 6 y2bOf2tahtet e2nD | mage i nto 1D s eqghuaesncgeai neadi o
attention as an alternative to CNNcsaptuwer & og Itdhbealr
information by ca[p28&iliTegndofoerombeatlr aset wor ks
sedtftenti on mechanism to extract intrinsic feat
appl iscSpteicarVi dabhyd htbs dwamt abteedsingi vity and ef fi
the reatmnefsryaemteine ad $ ©ind ndteantoifc2NB[B8F9Bldsed on Vi T,

Liu [e2 PajJo.pohsieadr aar c hi cal s h-Trfatnesd wiimedioedst seerSwi n)

t hneei g kclboomurent i nformation and achieve a better p
classi fiTchhd |- Dmiam afekfrmeernt i vely bal ances | ocal and
addressing the | imitation%o i hinhmitedmiceoitnes ol cutth oQN N
|l ayer into t heWuviespiroanp otsreadn saf ohrynberri,d model t hat wu

| ayer to genersattenet hvad slilb ns etgruaepnscbes it thé ngmac baht 8 m,
extrantdhenspabingmif me Imatt itohne bienmangpe2 Ap6alt c he s

The ymds DNNs from CNN t & h\diwle acydn & rhied ro fhlymbhii od sr e s

addition, two essenti al factors can influence

including the basic | ayarsdhiitice $ z e flTh isteectt D BHNH et W
will firsmaitmtprecd wde dtalpaiNs , t hedn fifeetretnitt eet uh e s
of DNNs proposed for different applications, par

2. 5LByker alnytbheeiurncti ons

There are diff erClNMts taynjplen/id&ér il ayerpgpuimoses t o en
l earni ng faebatlurte eesptampd? OF@Peecsi f itcyadd sy ,o ft htehe basi c
primally inclupe29edpnvip®@9i]l 8@ Ollpacweinvsat i on | ayer s,
normali zation | ayer, an,d roddshthiep eni sicled dhlesm ewsuesd | iary
Vi T wildl be mMextcr$ dletdiBhdeh .dtetsecr i pti on of each | ay
architectures of the 2D DNNs

The convol utcioornn elragyiNedbncecein soghfh éa s eti pdchapvoklusi ¢nal
fi)J)temrone conwolt bbiuonulsangetheabnabbhbeécwkbhgbtsbyga
# # o+ + ,whe# Bs ntuhnmetodr t he# kiesr ntene number of i npu
(e.g., gray image ,asd hndanmd RGRER iwhadgeée iamnd3)hei ght
si,zeresplectéeaeh yi ni ti al training, random numbers



Sever al wei ght initialization methods, such as X
performance and address t h&O0ORhearn,shtimgs ert rexipd alli
wi || be updated in each training epoch and | earn

I'n terms of otplree ad & ®wn& lediattosroons sn ptutteelyet h hori zont al

and veaddaoradilryg t o Tah es psetcriifdiee dd estterrimdiennes t he st ej
moves acrosfonheadmagesition, the dot product
correspon(dtimg regiom is detef mihedi bput hiemagenies
This involves multiplying the corresponding val:
and then summing these prodilhkits poopedTFuicCeE Repe A
all positions where t he ktehrpnneold uccainn gf idt 2f®eidtthuirne tnk
The additional factor f ofrhec opnavdodliuntgi conp eorpaetriaotni cand c
normally with zero value, tahmauwnaftfleetbotheesia D
featurWhemapsero padding is applied to the input

horizont al and vertical movements, the output fe
the inputAdidmagemattHeg ,stwri de is set to 2 and padd
map lwvel downsampled by a factor of two compared t
and height of the output feature map wil/| be hal

Pooling |l ayers aim to subsample thelfagad0ulrje maps
This process reduces t hneaisnitzaeo safn mtdhi en hfeerantautrieo nma
anidmpr ocvoirmpgut ef f bpolLaikknecey .convot bei eerhaeyesjze and
set before theThpeooommomgedpeonatiog. | ayers are max
poolamdy gl obal dvarrggehpoekl Bgted region of the
by the kernelfiside®e, mamax mpomo V ahgSei mimoanrgl yt,h et hpei xaevl

pooling calculates the mean Vvhé ugl obbalt hav @i xgé sp
calculhaet enean value of all pixels in the input ir
Il nendgéul |l y damgrectdredd)nabl ec aieruppwetn heamowmas$s | of t he
previolbel aperation of the dense | agd&r7®hat does

where W is the trainabl e wei ghtecfiroteiue omr)e wifo u sh e
|l ayer s, and y .Ner malel yo,uttphigdo cdvatroetdo rdtaytelme i eand of
process the features extragsted pyoidtrhdegpd@yWeEIUBES |

t he f i nlalydautthpakFtonto deexl a thp hisagyt dishder @ fdi nal out put | a°
out pihtes cl assi probabc¢cl a s e Bii & ddeaivioenl otpansekn.t of Vi T,
| agermel s®ededtft enti on, the followilhg section wil|

Act i viautnicoanraed 'msa p-lei neanma k&nd he out putt hdeeravt ailr letsi onra p
| ayer and de nnsepadrDii2iggyehra r naocat fheorlnii snteiacr intey raall | cved wor k s
to | earn coampkeex epafmaratinmsatefud &c@nr event the vanis
gradient anhdeoncembenabcitnivmmg i on bendif baesemuisabl
t hat backopfrtogp amgeauriaoln net w€okmoah ybe sgpaer act meadt i o
in DNMNISidgendanmh, FoefLtUpaaR g/ L[U3 ORId r a nReet U3 ® 5Jand

Swi[shi06jand t hose actgii wa[nd M) ttfhuenscet i aocntsi vaartei on f un
DNNs are enabled to approxi mate any continuous f
i ntricatetlsd rturcdiumiersg ichata and[Rg&7form various ¢



To prevent the overfitting problemegmud aenzancen
| aysesucshaash normal i zat idrngpd wty,e ra mad rahmeatl auzaadtlginaens,d a
Amond em, data awvsgrmmeand ditoe o thgeoverfitting prob
used mondtetrlae Tnhengdat a augmentati on methods include
horizietr al lcwl lcyl)i pfaldid@migngr andom Gaussian noi se,
randnamktihdegat a with zef®&083adl ues or noi se

I n contrast, batSaMdrimay drz and foh&aXiBaNge goat ¢ d N nt
t hENNs as an independent | ay earn dt oi nmeptraobviel itzhee tthre
ef fi cAisesruani.ng the input data with a shape of BS I
the dataset, W and H are the width and height of

in the feature map. BN normalilka&tsch hei Ze adiumen
mai ntaining a mean of zer o .Wintdh at vearB M,n cteh e0o fc owe
of ehtufe maps is reduced, which provides a reg

rates and reducing sen3hetei BiNty stcomeiophiye usiedi a
modehs ch are designed to pr oc(ees.sg.t,h elmlaaghedsd)wi t & n ;
CNNarreor mal | y tr aian@eh. bt cihf rsmimz3epd atBd, i s t hereby
suitabl ewiftolmt €INNst ati sti cs, e6bmpairedg wrahnBNig
nor mal if radaudrreass s t he f eiaWalk . eHdii mEmsiommseach input
datSpeci fically, LN computes the mean and wvarian
whimakiemore suitappe mhoegetVNBdct the features base.
rather than s$iandelLN ndamr nmaaiimtnai n st abbaisleidt y and
feapuobeessing, aligning WwWik8B]the Vi T architectur

The dropout | ayer is also integrated in the DNNs
of the input wunits to zerTohiast ceaanc hp ruepvdeantte tdhuer i nme
extraction prowmeespéoi yi basedr om unitstjheeands ens
vari ousf rfoem ttufrleeesdét apout wi | | be closed in model
Mi scel | aneosuust disdayseprasl i aged, concatenat,pooavil dger s,
t he fsitnoctiinoppor ove t he model flexThelreghaptfiayen
change the shape ofchheghegi nflelranarpesplenah d ieo m ot

used t ot hper edpaatrae f or vari ous pur poseshreeFsohrapienst an
operation can chandgwe It He WMHeCdf «Cre dmape f.agmr pro
where W and H are the width and height of the f

the feaTha&dadimaipoenpo ciadhe -l smeaddiftd athu nedhs ¢ woi s

commounsleyd i n the r esi dtual p raawda nsitksi Hpih reego nhnr eaddti icconnt a

deeper netwoTlke acchécladeywararicam concatenate two f e
di me n(sei.ogna,nn el di mensi owhotht he fWwe-He3ylalnjhad) i n L
DenséNeti mprove the feature reuse agspd memhwviore& st. he
The mul td od ypd awiewdies ee Ineunhetnitpl i cati omaomhl ywasfeaat
in the attenti dm medlltardiagms tdfe \itTt enti on scores

2. 5. Neuz2 al Neertcwhoirtkesc t ur e s

I n recemyY eayr@dahrist,ect ures of the DNNs hatlggf been pr
the field of the bmasdcidc aln itrhaaygoed bahrpeelsytshies ,ahehi t e



DNNs can be fsoeupeaprraetsegdn oidipls ovnggd teh mo dleelNge2 @] g .

Al exN288¢Gd 27&8nD@oi se CNNJ[ GDRX)MNMMNlptait h model s (e.
Res Ne®BRlgsi dual Dé¢RIdBNe¢ WSBIHT288SWi ansf r9raé r
EnhanceRBesSaoalpetri on Tr drBsltbd8wien I3R, B BERTQ eddeecro d e r
model sU-Nedt.3dldgemsi dudNe[tBOFWIHUNEt318]Tr arfjs3UuMdt

Light wei-lghet3 WH oxr ma RalrfRle st or3nmdelr] (adn)dver sari al mo d e
(e.generative adver $8Ri3§lupreotl waB o 3R&HEN)hanced
(E9SRGAN32Bdndi ti ¢B2I6 @AEANs e Recons[t3rdu7cjti on GAN

Among t hepmat hs ianogebeel sk g d f or i mage cl| gs diofwieawatri, on
becaushee ovfani shi ngamd atdaredh tt @ rsolbsmelatehg ermocdee | s have
shall owmndeprtehl ati vely simply archit.é&cthr etshe whi
devel opneesni¢cdouoaile[c2 § dojthe ns e [cDHFBrac tr ie @ uneat rhitoduast,i o n

design of the deeper network (e.g., 101 | ayers)
problem and i mproving model Tpheursf, epranuahntcheo deenl ds tlri &ki
Res Net and DenseNet which have a deeper and mor
performance and efficpahby mbldahst h &iaptihé enrobdyesl st h e
are mai nlayslskedasncl assification, -desohsti ing, rec
Thewcowdecoder architecture is widely wused in med
high efficiency in capturing and reusing the fe.
and generalization. The dademnpdrede tasrucddi drmhe erco
bottleneckThanadndedeoedseat eat € at mu kstammappl si nugs ilnagy edros
(e. g., convolutional tpaoyod ri sn gw il tahy fgaregvbirddled e e 0 2

representatTlhe bdt tfleanaclsfurt her processes thes
shape, ai ming to refTihneen,t hien |tahtee ndte creedperkessset nhtka ttiho
maps are r econssatmpulcitnegd |bayy etrimef tehpggd a nd ntt lee pfod att u roe
from the previous encoder section t hastcalhaevde t he
feature maps to efmhascartimai Bepruuoseedsensemage se
denoi sing, a.bd er ¢ esohhatpeer Wcotrimbend by the symmetri c s
and deachmeddel s based on this archi,secthuNest dr e n a
[ 31Bdsed ohNeCNdNlLsasxzampl e d@dfecomeodar chi tecture an

a cornerstone in medical i mage segmentation, S i
Vari aniNet of s Werhe sai sd uchd  pUadNrest LBNvetW\ e ta,n di ncor por at e
advanced modules | ike #eaindd alr meo n nmeodudl icess | t @n de n

i mage se@mertoatmamnce further

The generative advvwaksi airsieadl anne tuwosrukp e(rG/ANs)ed tr ai n
for image|[ 2M¢ANatfiroaamewor Kk consi:sta @dnetrwaot oo o napn
di scrilmim ntahe®ri. mage generatisesynt hmhhi keddagahaka) o
from the random noi se, dvhfifler etnhtei adties ctrhiemiinmpg wtr ¢
data or fake data .feeese at wa ad gempt or e gneesde rstahineEurl t a n e
generator is trained to improve the quality of
di scriminatbecomet maraedctorate at di sByi ngui shi
combining adversarial and super vai Depde rléaosrsneasn,c e h e



compared to usi-nglwy suvuaenvingre dit t satsasgdfanirh ®up er
reall wof 824 magpd3 2f50)r t hd 3QBGA I IMmadghe real m of me (
i mage processing, GAN f r a ndeewnooriksniangge,amoan sntl ryu cut si eodn |
i mage s ymntnhde siinsa g e[ 3s288g| me m th attnricaginnti hnega red fa cd ema gy
of the output, vaMisariCAtNed 2ad8JAAN,.c o ¢ i B Bafr hel GAN
proposed to optimize the adversarial training.

Thae syvtroannsf or n@ Br&fts\hieT )r gdeahced architecture in th
visioni tyr dtdhues ¢tdr seamsdf cartmeernt i[ @1 lajre ch niimarmge pr oc e s
Compared to the CNNMowmhiodbp eitrsa od eopaeprt dieematt, sophe i a |

flattened an i mageiizret @ aa csheegsu e macned afhefni Xeadhear |y
similarly ad ha NIDErteebbye mdvlaingea@geess si nigertnhe | on
depende nccaipetsg t aorbdg | information adrsoshse ntelfd cematli nte

detactess | arge areas33RMdcteme | pedii ma i Yiemag e d
i t s v(ae.i a.AJtNsStw,igrht we i-WyNheft3 o iomd Fo[r3ankl3dve a better

performance than CNN in the classificateibn, seghm
i mproving di aBeoisdidigt egirdadr iamogrameIc htaina s ot Weé T,

hybridcamodelombdioreal t feeat ure extractio#teamilitie
information processisthhg@we agalpirloimi iseé ssgofpeVif Dr manc
(e CylT.296] reconstructi,omn(de seg.gmeRexatt @8Phér(e. g., S
Al though the recent developments of the ViTs hav
there is stildl a lack of studyfthaer i nmeshodatientt
realm of medical I mageOQ@T/O@E@EA iinnga g e ppercad cfe scsail n gy.

computer tomography (CT) and magnetic resonance
Il i mi t sdbuapeen ski nanddCd Aodakt a®©€ET s .Alotr h ®INgNh t ViaT o i magy
achieved bet taenr QNeNsf o rnmannacteu ttedhei man@é | pramoeangi od,
or al OCT/ OCTA datasets wiTlhlusl, i mihterteh @ sp er fl carrgaen g
dedparningshenwankO®mNAlappdTi/cati on.

2.5 ADplications of Deep Learning in OCT and OC

I n the above subsection, the main architectures
Recentdeyep | earning techniques have also been be
i maging, accelerating the data sampling and prc
speci fic apedp claicm o@GH/Edh@hAe processudgng segment
denoi sing, resuprasdslucti @em, and

2. 5.0CTMasgldi n arday@rralSegmentati on

As ment porered ouns s&chi amsg or al S eerxvtee ransa | t hhea r lmd ru
substa@ameesntegrity and functi oneapliitthye lmrfu mharei Isyk i
reflected in their thickness, @QC®B, ewlsielt i @adn fiemd
tissues with aipemmtriag i @anprdemitdi md device to as
epi der miesp iatnd®ila®am i magi ng, it is possible to di
facilitamal ¢gesti &i,l @d di ng in the | ocalization of i



Recent advancements in deep | earning, Warticul ar
Ne[t33tbgdgve i mproved the segment@CTonmB8@HEgHe] skin e
Kepp [e3dplalopasddnsel y-NeednnfeGUe d Which uses densel
bl ocks for featusepeeuse, peemonsanaei ng@g mouse s

These studies show that CNNs can i mprove | ayer s
I n the realm of medical i mage segmentation (MIS)
CNNs and vision transformers (ViTs). Early prog

net wor K[ 3(4R2QN )Y od u ewii s irxdli c tiino ns ecganpEanlt iblbiimbingys
this,avahiotestur od haechi egsedl| 66 at §let][a3b4b3y],, t[h3ed 4De e
which Attridusge@ddil at ed) c o nv eslcuatlven h eiXntduosirmat © onap
effectively. I n additionhbadgende sukiin iltayy erf Deemdmtb
successfullly34d@&Nedtr3sitiraittend i t s s ydnenceotdreirc aal r cehni ct oedcet
and skip connections, has emerged ascal avifdedtyurad
fusi on, setting a baseline in MIS.

Despite the success of such models, the-architec
Net architectur-basaed vasi dnbaasfor meever ali tlhey trse
symmet ri cchd c ®cherodarmrc hi t eccttiuorines gahnids osbkuispgt ncesrsnd n b

i mage segmenéehteéeonivei atr epstod suari winn gs phaitg ha | i nfor

critical for the precise delineation of fine a
significandal |Iprnagcet iacrailsecsh from the reliance of r
backbones (e.g.,-tResNetpsoahdtanateer aplr ei mage dat
|l mageNet. A major domain shift exists between na
baed i mage propeB46BRppbli OCGTraadiarbedde lomprreat ur al i
|l mageNet data) can therefore | imit performance,

would require d ap@dodh i dod tta sveetl yt Haatr gvea s [Bolt7 Javai |l a

Building on the advanced performance [02f93Yi Ts i n
combines the -NeedvanmtdagvasT,ofutl | ii2ni ndreTrbaridfleEemmerk |
out per-Net mi ¥ MwESUNgtBkK4s8.]based on shifted window
convofuwueieomodel t hat provides better segmentat:i
i mproving efficiledndciyt |i @l dcytaduBt]d ildinztegsf f i-ci ent s e
attention mechanism with convolution | ayers for
complexity while maintaining high performance ir

have been proven tociassctcgtofandedimpabviemahe &¢&§ime

2. 50CM1ased | magdebDhnbgeesng

Speckl e noise, an inherent byproduct of optical
by reducing contrast and blurring tiddsskeeas®tr uct
di agnd3489gd .Hi[gh5CJepetitions of OCT scans at the s
suppress noi secamtr3sdbaacer j malgies met hod introdu
due to |l onger sampling times, especialtdy with wu
reach areas, such as intraoral scans.



Recentl y, CNdbaseed emetoiods t hat with various archi
and provide tqluealclteyarOCalnd nhaiggehs -gfuraclm ttjh3eb @doguenst er p
[ 357 ]rRitn] Bl5u7sjed denoi si ng CNNMN & fDineCcNtNi)v enhoyd erleduce n
enhances i mage clarity. B 8 52djilv eol no perndC NeN , d eMeapr yfaama
function to further refine § &8Bp8riospi onsge dpthMhfeo r3rh n c ¢
which incorporates 16 resi fil6&bB] bdlencoki ss i aihdgde esfaf ri pcaasc
studies demonstrate that CNNs can achieve good c

Vi Bd l ow for more flexible and often more accur a
fixed receptifBadflhebedsngf bENNer per f or[n2a8m8cle i n t
[ 295] and296pma8rit8dt i ¢.8 1WA |t A r[83n3sFH]d 9Bvei rrj 12 BrAa]s
proposed to reagauansdttryumntattuhhe himplgmes froamdt he cou
achieved better red3Balsted tomadérebeaeChElembdeélest ure
transfor mer320lyFpemkor med the SwinlR in the fiel
requiring |l ess computational resources. Fol |l owi
[ 296 Rest dppinpprvi des a better performance than UFo

2. 5.0CA3 maBeconstMeatcho dn
As menti on€d 4indd ssecctdniidbonr ovamapkeeowvi ded by OCTA h

proven to be af eoliiideinecaetkii dumgadiidd esrgael kb as @ | cel |
carci[noleddat i ni c[ Xkdatd owdawnd2bh&pl i ng

Recently, CNN models have been proven to facilit
usi ng etpwd i ti on Fsocan nipsirteatnecRe@i 3 .IDINZCANAN t o enhance t
i mage qua-tepegetiofi arwobased mice Hr3d@RnomW&daAd i mage
modi f-Ned mdodel to generate retinal fl| @asmalps bas
on the resi duldatldhoonnefts8d#lil.oposed eaolhutgihon angiog
reconshetwaoor rrecongt aluicty hi gthi.Basi O€CTAhgwdGe o |

conducted a comparative studyepdt iftbhiacr dy@EFTAOF
i mage reconstructi-Net, ines$ iudu a3 6MeEaCdN 3N wo r k

2. 5.0 A asledaepResol uti on
I n OCTA imaging, the connectivitmyyicecfe trfmadg i mi ¢ rSANRJ

the images are directly proportional to the num
l eads to mipemkliEsgeé®éd wdi ng the spatial sampling
OCTA scan while maintaining the number of repeti

| ateral resolution of theeilaagens)cyrnosvkaiashcyu liat udrief .f

Deep I-baseadngmet hods haver deelnver@@® ssetdr Ut ot wsupleri i
acquired by | ow spahi aNe[tc3ebadp|d)i SBR8&ER ¢ sKi[m 7 0 ]

et al. demonstrated fast (~1basell OEMAciRmzindg GA
supreersol-vesbbwti on[OGCTA i mages

I n nature i mage pr ochleeststiaenge s cCNeNe dh aidmaagcehsi etvhleadn ¢
interpol afi3éR] nme3df7iIBd@3ose cl assipgearisomotdebs &§5S&) CN



[ 37T2RRe s[N3e5t9 ED SRa3njd DRRNBY combining GAN and res
bl ock, E3SRE&MN iemmrdepsesrifvoer mance i n -rneastoulruatli oonmage s

I n teVims mddled 7pr]loPE€Ed that the transformer frameuw
supreersol uSiwpad®Rijproved SI SR perfor maneve nldyowusing
transf ®d9ibketrroducing a |local receptive field to tl
show high potenti alrefsorl uuatiiolni zZiercd nii maugees swpdraci |

2. 5L3 mitaffi ¢« me M2Urhroednst

Despite the significant advancements achieved t
and OCTA i maging,stdadwerralmaliinmiiatmadtfiudeidsst ci chi c al a

perforlmamicteaati ¢ lonas | i miteadadabaasavaili ¢gihf fmotdwe]lt i e
computational compleximpdaedotldi tbetneed B6fespeth
of deep | earning models in this domain. Mor eove
OCT/ OCTA i magee, otbepamedi cal i maging modalities
addi tcihard dilenn gneosd e | devel opment andwgéihecas s zaheon
current |l imitations aasrseoad.CGd a&sleadvietrh seaodd na pap li iomna

i mage dOCIdAmagg, r econdqdTA citgmamesrs calnut i on.

2. 5Chall engeBsasiend Q@Tlyer Segmentation

Manual annot at iioansdiofff i€nQdinti fmapgl3eckdddmeairatls annot ati on
timensuming and subject to variabi l-odbtsyeriver i nt e

agreement , making it challenging for c¢linical a |
sites is often compl ex.
Several conventional met hods f or OCTSh aapyeelrets e g me

b as[exdd7a9n]d i nbtaespeddiBribeyt h od s . However, these methods
guality and struggl e wBB8@&Iiimaogael a®CT fiamd ¢gi mg dwint

devices faces challenges |like inconsistent angl e
[ 38Additionall vy, the epithelial |l ayer's thickeni
OCT system's maximum i magi-ngodeethat whberandeichcn
attenuation compl[i3c8Resleayemidalti meast homghl i ght

advanced methods for efficient, aut omat ed, and a
Al t hough adwaanrcnedngdeteepchni ques | i ke Vi Ts have be
segmentation, there is a | ack-VvdafT gnowdcil ess pperrd wirmy
in OCT | ayer segmentation. Skithuraem df eatadr €O Tc 6 Mm@
medi cal i mages from CT and MRds edde vd egeme n tFautritadre ri

requi rse dlleadreglalteads et s, wi t h accoaamsctyr dainmde thebhyed atl 4 z
383 the ta&apksleomiselgdnernmiags i on and or al mucosa
here is stislolura@zel adlarge dpéasets for model tra
384n provide relatively good performance witho
or OCT image segmentation are primarily based ¢
ields and | ocalized convolutiloo#mér mpenfhdoi masi o
ruci al f mo d @lslkii mg taenldy or al ti ssue morphology. T
more efficient and advabasddme#déeh wodberappl ager

O —h —hr—/ ~+ —



2.5L3.m@tations in OCT Image Denoising

Whil e CNNs have achieved competitive results in
retinal Q@Musitrhegenn.del has to relearn the differe
from skin and oralBeLiTdesdlalsued umadelisnageky on coc
operations, which héeeglanuBiadrile riencsewpftfiivcei efnite | fdosr

term information necéhshegehoradwmageed eViioT sinode
potential to redmug, thhhérse iisn &OCITad knagfi st udi es i
and effectiveness of Vi T models in OCT image den

2.5L3.m3tations in OCTA I mage Reconstruction

As reviewed in previous sections, OCTA imaging
adversely affect the quality of vascular signal s
the OCT system, artifacts whwe tsc albualek i nigsdue® mma:
structure of Dbiological ti ssues. I n vivo OCTA ir
access various sites of interest, i mtnrdogpuoibreg a

se2tddohmedcurrend bbmatabbBbgrhalgeeve been menti on
terms of the cdemaemdsiegdor ®ET A wr eodfo ndseterpuct i on,
quire a minimum of t wpualeipteyatwvwals cOCITa tswcraen si mheog e
me ne@edcpessing of raw OdCdralsiitginm® & &t oa so bit mpg int |
ained CNNscorMmshumi ngt mipd ¢ tme@ & i-tnigmer eQTA gener at i
d demonstration in clinical envirarempedtidg icmal |
sed OCTA reconsmndeati eom itdhehigulalytgemdé vascul e
raditional OCTA algorithmdMNNeWwbhchhabtcml asutbespg
f relatively |l ow quality. ThereforeFont hiemet asc e
i mproving the wiodke!| TRrRachfiorememur architecture whi
terms i nformdathieorbyr o ocn@gs oivign,g the vascul ature si
met hadkcionstructing the OCTA i mbge¢tbasee@daoaneaast
caused by unpredictable Fotti o@r inelt veeni mg ga olga g
ofcount eoguaalaindy-dqqu ghi ty OCTA i mages from differe
generalized and highly robust models for OCTA re
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2.5 Chadl enges in ORdfA0ol mbigen Super

Al though methods | ike reducing the repetitions c
prterai nécdadememg model s are feasible, in the case
bi ol ogi cal st rtuvectewred inteicoens ssictaant esst raat egy t o strilk
data acqul 383d fotnwatriemesol uti on | i ke sparse repr es
highansverse resolution OCT structural i mage ba
met hroedgsad orapl i cated design of the regul arizes f ol

for @Q@Q@pPpAicati onspbldita@dwisass gmal s are extracted fro
signal of t He35r6dd KB ugblapededakcgoont hhms (e. g. ,
the extensive and fast methods to upsample the t
had da@pmlhi d 8Bi7l]i,t yB&88ual ity of the upsample OCTA
based algorithms is unsatisfaegoeywcgndigheal 8¢ x e



CNMased methods have shown cAhhlpetitdipelelsesqgudedd s |
in lear-nmemmg |1 ofM@r8MPVi-Daased-reapbuti owhi madatvvbods
sholwinhgher per f orbmaasnecde mehtabnmpd@™BNN ng costs i ncrease

window sizes in models |ike SwinlR for perfor man
achieved prospective SI SR results, the flattene
connected wleiuvohal brliaryees ,a hi gh computing cost. MG
requires | arge dataset s, -rwehsioclhutiiso nintdparda ctiteitceanle flo
2.5L3mMtation in Data Availability

One of the fundament al challenges in applying d

' i mitation i mModanaANNgsweagiuliabei Iliatryg.eq uaarhd uryt, s amfnoh iag
data to achieve optimal Npeeftphenlamtdeandebdnefr alOk
i maging of skin and doarpaals etsi ssseweesrTh ko bdtcafjitin isnug t souacst
highaOCByWWOCTA I magesi ntsemrsiswal,r crceeQ@QeBgungmepeci al
and trained personnel . Coklweakrisogs aamatw@misecald ad
pat hol ogi cal -condutni ngsBaensd, dedtdeee |l ynnot ation of O
necessitates expert knowlanmtdg gietrsea nQneglg elsa v eelqiun g e®

ti med effort from clinicians or tr-iantnemdsiswe cb watl
al so subpbsterwverinbeiability, affecting the cons
Despite these chall enges, efforts have been mad
applications in this thesis. By i mpl emenfohgowi a
sectainobdnscol | aborating with clinical partners, a ¢
gat her ed, covering a wide range of nor mal and at

as a valuable resource for training and evaluat:i

2. 5L3.m6tatiMmmnchift &/dtTur es

As review in previous section, -t\irTn e endwarcti eege
captgtpobgl information across t hde teandtti @ses ilmaarggee,

areas of thdg 3M&decafi cembhbgs in I mageNet data whi
t he-LMirge model -la cahciceu® @8, yasaifopa s s i-In5g2 t GiNeN , R ewshN ect h

att 8ibe dBe,siWiel[s mode lbsetheevmeos mawaoe on more compl e
such asl0®@ RMRI COCO, with accuifdcyommpnr-efy etme nd tsat
t haeert CNN ardaohimeadtcian es madgansbdgemenbaahi ene 77. 48

(E42), whNielte iy 7s4h i6f8t.e dWiwihn djo2v9Swd cnHJaNreits mmsan ac hi e
a better mean <SHhaps a@frngualdt. ils3e gone i t avtiimipe odahags e

ef fi iFLOPy of 1S nsUN eTir:a2rms.GONleat b5-8e

However, despite these advancement s, there are t
of Vi T architecdppleisc(dllha oalsTe/tOCsTiAze and:Aannotati o
revi ewed 2i. B,.t&ebtaivaan | agpuialiittyy oafndhiagnhnot at ed OCT/ (
l imitedich is a signifi cbaanste dc hnaol d eelnsg.e Ifnort hter ati
modelty,pically require -300N eord altabsoett bbe tsautcihe vaes alpFt’
per forHoawmecwwed, cal daoacrdls/ O@TMmaske e of t en scarce
di fficulduea ot mactqhueqrimeeleidt ¥y osc &amg haWidt eapersufbhinoti e



training data, the risk of overfitti[ng328dnd reduc

Hi gh comgetmatvid@oalle!| s, such as Swinl R, are char a
net worrke gsuiizaecoenput ati onal resour ces -taunnd nnge. moFroyr f
i nstance, Swinl R comprises arpegpguwixriemsat 22 y5 1@B mo f

memory for training -Neptnmpadiemdg ttoo 6i.MBc rGBa sfeodr dle mar
capablfi31Mdidé ¢ VanfTalmoydel s can have up to three ti m
l eading to higher GPU memory c[o3n3Olimpd s e nf aamtdo ri 1 cl
the practical i-has ed adrecphiotye cntgu r\ei sT, especially ir
computational resources may be constrained



ChaptebaBa Coll ection

This chapter outlines a standardized pipeline fc¢
applicaFolbhewing thi s, thsoul8@CErsyantemddees!| o
in our | ab, al osncga naninitohtg,@ ¢hdeli sass spogp tad wedpuwintt me mrte,

data coll ecti olnmeaphemamagememt t hi s chapter form
wi || be consistently FapgBirsebedws htbegpopelihe f be:
i mage acquisition, including the details of t he
scanning protocol .Basedkiom/ adhal papreliaoaat i drhe ba
| abbui 't SSOCT system for the skinfahdaseaicalgommppl i c
for instance, the system setup, scanning protoco
i( ) | ii ? wo 'y iI
| EES Eft ajps il e Céﬂcunlu{ﬁ:ﬂ
ig J{E'iq% GGl RHEC g Yﬂ' $ i
e Y] EWge | ¢ 0 wWwe OfWweTRY" I
[ [ oW RAM i Acs w2 élgd
| Ec¢ oGy A H G
R ::_-___-____--------------------__::_ ___________________ Fi
Fi g8&XAen overalll pi pgWwemeuridd uBAT agyest:em and its s

oral applDeataa i omlslfreatnnedgosaicanni ng protocol for ra!

3.9we-foburce OCT System

This sesttbeil tseswrepe (SS,) OCilc Iswditregn t he basi c
of the SSOONT s yggsfrleetxiiobnse sczmminmopgpmpPolme oc ol for
OCTA imaging in skin and oral applications. More
t reel ati onship between the OCT/ OCTA i mage qualit)

I n this thesis, our SEBEO@CasbByetgmacquiutel theddabd
ti ssues with a fl e¥ibB=2iesh atntdeh ed \de rshecuaalwt pagoobrtethaeb Il &
SSOCT system, includiomgcae tamputena, fheswbpe scal
buil thu®G@Tg8&3ies t he systemfs cShHSeOalt isghsddehnmtihlel ustr at
det aiFli ggaBdot abl y, the sample |l ens in the flexib
shown tFieg83feA,. B)wo sampl e | entsheess iwse,r ei nucsleudd iinng t
l ehsdmor | adosd I-mel Bb i ntraor ail spaaaipfl iec dlelnys dwvehs icd
intraor al OCT/ OCTA dattanoacquiasibhiedmf sBavindhagy,dpa
with IsSMP3 eostkalmshaqui st por&segdsed in

The purple rkicg &higs et hhbewmxswenpt | as e3FSOCGIn seysssteent i a
compomkekesdan rate of the SSOCT systournce maasnerly,
which is 200kHz and 400kHz in thessutbhesiassirace
particul ar, both theoddCkHZ asredasvs GalylkdeHnme e st w énpota |

|l aser (VCSEL) sources from Thorlabs 1 nc., and t
respe@taiseal yrmc atnha at e of the system, in the follc



be named as 200kHz SSOCT system and 400kHz SSOCT
share the same systenrFisgczeemidit § 83 ¢ B9t hl ROOdkHat ead
400kHz-ssopwepte | aseenrinsn ahedveenga h of 1310 nm and a be
Wi t h t hetsheeh b asaextibaglalr esol uti on of thes@®mtwo syst
and wietnheta atiintibede gt h amBppraki-mammugsil

Fi g32AenOv er wif eRvohretSavbebged ur ce OCT Sy st em

| FRi g8%3een X/ Y Galvo scanner in the sample arm i s
system, the Galvanometer scan angle is a maxim
scanning range oftr®.n3 vrem ster 8arx8 vsmnasiede yx i sBesiedesc
a CCD camera (UC20MPE, Spinel USA LLC) is integr
of the scanning area to be displayed

In termateéadtheti on Tab3dlshe walyedstiagrmmlewdes and pract |
performance under two different sampl ebdielntses. |
and therefore the designed value is not included

Tab3tll®Resol utions of the SSOCT system with v

Samp Designed |[Practical

Lens

L S Mo Lateral Re 20 .Cm ~19.68 (@
Maxi mum Scan 9.3 mm | 8 .nbm 8 .nbm

l ntr é Lateral Re N/ A 39 .38

Lens Maxi mum Scan N/ A 9mm 9mm

Regarddngpit>adel size of the OCT i mage, the measur
is 8O0mrpgbxel . I n terms -<oafndaxypeasvetsespiderebr mi med
of view (FOV) and digital samplFiorg imaitmtnse es e twthien



X/-¥ransverse sampling points anfet hsee tpiaxse |6 0s0i/z6e0 Oi,
6

transverse ax.is is ~8.

Swepoburce OCT Syst en;olfr?z[ati%llrlté}fg:m(
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Fi g3#3Tehe systemtbehsSBDCTR23&§k.L efm3d®erhonstrati on of
hawmel d scan probe with various sampl e (lA@nses f o
wi th LSMO3 amanwilBehblueahbs i n[t2r5%%]r al l ens



(A)Demonstration of i Sk (BnDeSmamsti rnegt iwarnt ho f |
Fl exi b-hel HHaBdan iPr owiet h F|l echebtHeStand

Fi g8&4Deemonstration of the data acquisition wit

3.1Sranning Protocol

Fi g&%iel |l ustrates the scanning prbobhecofLddmBri sflat a
i mpl ement eds caahne a d8sodfaeMc s f or megicdary oabade bieas of
axiThusne OCT raw data @ad®uidsit taiometndsd mNaBRXqui r e

transvertseaasvserfia¥Yaki axisZ where NR is the num
OCT sWhaeannl y acquiring théeé dHtiologurceal OCT sismaget he
t hneu me rviad aule of eqllat oot rhdemtmggi ngot he microvascul
of the tissues, the NR maucu olb atrdg efr ocraost viiedne i nounnad r i
OCTAl gortia hemst r act t hAemowmagpauhleanfed irgavbhsacqui si ti
NRi sosp t irved atta mtnhe quality of the O&ERAemttrheture
movemeenttween t he asnadmptltee psaomelsd8hei psxel i si gki gogm
transwdrssa et heedumber dofgit al s a mp h dtnrga npsovi enrt sse o n
axiTeerefore, the setting of the scanning par amet

Consideri#sgatnhatattelse oA the SSOCT systems used in

which are rsoleetdi ¥olry dlait @gh sampl ing, the main scan
are shhawd2efonr a specific deep | earning applicati
of data acquisition will be assbtaxh3®e ed in its se

Tab3l26he paramet er swiftoh WANMR3 isa mphepmagumbieons f

Code of X<l ¥Yransveg X/ ¥Yransve Spati al
T N R
Protoc scan rajdigital sa transve
#code 5.16 mm/ 5 600 pixel| 8 ~8.6 Om
#code 5.16 mm/ 5 600 pixel|12] ~8.6 Om
#code 5.16 mm/ 5 600 pixel]| 6 ~8.6 Om
# code| 5.16 mm/ § 400 pixel]| 6 ~12.9 O
# code/ 5.16 mm/ 5 600 pixel]| 4 ~8.6 Om




Depth of Z Axial Axis

SO WY 10 Wl g

!L(C)A Compl ete -

Fig85lel lustration of the scann@ABcanoitsecbdbbr medd'
col |l ecti ngscaansseraiftessmgosiviede s axi s.-l il metsdsg)ds exampl
are acqg@BBdadan i s formed bysaocampe adteldd tya tasceqgme ax enrg
ti.mef€@rp complete OCT raw data set-sicancsbtadiomgd t Iy
ytransverse axi s



3.10bjective Evaluation on OCT/ OCTA | mages

Tprovide the objective evaluyummiboseondBCU/s@ERIINR) I n
to assess the signal gonafmagesn @€ETFOCTAWB fr ame

{
whetfre i s thpimelani ntensity within thé& siignal reg
the standard deviation ofnpaddltioh@obbei eanhi nat
( CNR) i's al so wusded et o alwiall icttuyraeb éa ntdh emi sctrrowa s c ul
OCT/ OCTA i mage, and its equation i s:
#.2[ ri L 3-2
wh efr e is the mean pixel i ntemMsity roefprtetsee ntasc kg

its standard deviati on.

3. 1013na@eal i ttyhDeviftf Re@ret i ti ons

FigBBdkemonstrates tkea ifOxdde i maglest yepweti ti ons in
OCTA scan. The odcarhnisn g xmpanpiltei drs p ailsrh e amalmd he s
as #dddadR2eAs s hdwmgsBre t he MNiIRghedarhet lhea gher the en
i mage qualBietsyi dperbees egnutasn.t i t ati ver epempati ena amsaog:
that the quality of OCTAuUiImmargeepoeiftsinthieosnCTkescah at

N R=2 N R=4 N R=6 N R=8 NR=1 0 N R=1 2

as 10N

jeub up 168y

<]

o
8
o
ago TO 9

NR2  NR-4  NR=6  NR-§  NR-I0 NR-2  NR4  NR-6  NR§  NROIO NR-2 NR4 NR-6 NR-8 NR-0 NR-I2 NR=2 NR-4 NR-6 NR-§ NR-10 NR-I2
Number of Repetition (NR) Number of Repetition (NR) Number of Repetition (NR) Number of Repetition (NR)

Fi g&6lel | usafr strh @isCdéA mage quality with the wvari ous
in OCTA scanning protocol . (Tthhe dceoptslke megiom ofs lo:
in depth amdand iamnxtien switdy) pmetileed.i ohhd Egqi. gn al reg
based on all depth region in depth48xinaelt haoxdi.s wi



3. 10l4d4na@eal ity Dwiftf g &etmeealker val
Fi gB3freepresemdisenn w®&dA i mages with vasrainopulsi nsget t i r

resolution, and the SNRoandqu@MRi apthwvwdvsesamp i
comparbiegamning from the spat iCm/ psanedt i@brieght s
|l ight saexi femc tlOLdtdh é mafgers i nstance, inf@axs (B),

are mainly from the unpredi ctlanblaed drhbtsiecnmard u rfiarcg
woul d also compromise the queeldiutcyi agf fOlidoAr ovascul
i mage AuBhotgh reducing t hedescpractansadl i tslieémgd ti sn,g irte s
wilidimit the system capability to differenotri ate
i nst ancceo,mpiarr itsloenm bet ween OAR)Ystmatdi IE)s amplei n(gA)r en
can pmorvedmi crovascul at urrettabrieeginaatl isv,e lwh ill aer g eE)mioon
signals, and the resolution is smal/|l

SNR and CNR vs. Spatial Sampling Resolution
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FiggB7lkl !l usofr agmefOCcTA i mage quality with the wvar
resolution i n OCTASMNR aannnd nCgN Rp rcoatl occuol la.t iTohnes ar e t h
ment i ofiegdGi®he spati al intervab. B/ ptirxaeni®,ve(rB)e iasx
Om/ pixel, (C) i<w51m g0 Oel pi a@tl pi ER)i $§s51. 6

3.1.S8Smmpling Times with Different Scanning Prot

Fi g88sxhowlse compar i stome dredct\gectasli t hveanr itourse sacnadn ni n
protddhelosetically, the high+¢# rtanes vneuwnsbee rd iogfi trad p €
points, the more time required for data collecti



Acquisition Time vs. Acquisition Time vs.

Sampling Points for Different Repetitions on 200kHz System Sampling Points for Different Systems and Repetitions
60 1 —— Repetitions =1 50 1 --+- System 1 (Scan Rate: 200 kHz), Repetitions: 1
Repetitions = 2 == System 1 (Scan Rate: 200 kHz), Repetitions: 5
—— Repetitions =3 += System 1 (Scan Rate: 200 kHz), Repetitions: 10
501 — Repetitions = 4 40 4 """ System 2 (Scan Rate: 400 kHz), Repetitions: 1
- - Repetitions = 5 I — = System 2 (Scan Rate: 400 kHz), Repetitions: 5
E w0l Repetitions = 6 é =+ System 2 (Scan Rate: 400 kHz), Repetitions: 10 *
= Repet!t!ons =7 £ 304 K
5 ——— Repetitions = 8 5
% 30 Repetitions = 9 =
=] Repetitions = 10 'g_
o . _ 20 1
g —— Repetitions = 11 2
© 20 Repetitions = 12 ©
© ©
) o
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04 04
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bl b X-/Y- Spatial Sampling Points b?b X/Y Spatial Sampling Points

Fi gB38Ereor estaintpdli ngh tviamda ous s cahnancignug s mnetoacsol s .
sampling points fon &ISOICT rwesyth t R2eydekHizt | rdarBse
acqguitsiimd owms . sampl isnys tpeom n(t 30 FkoHz vamrd oGOk Hz) at

3.BRt hi cs &fpoprr ovaatla Col | ecti on

This section pr ovsi dfeocsr thheea |letthhyi chfuonmapnp hdbaiteak @ceoslilse, c
approvarlesviveweed and Reaarveeld Btyhitchse Commi tt ee of
Dundee. The approval JOBHDPRERE Bti ioEMOgHhD MBOPBr s ar e
SSREPGBI 0o RBrOEDDBNWODSSREREP Bi o ROgPD 3 *Amendment s*?

Al'l the volunteers involved in this reftskiasch wil
experiment before tdhegomplke e pBeaisinnoegnsat,rhtd Itlé apba n t

i nfor matabauts htelewe rséheosvenartcoh t he participants pri
Informed consent was obtained fromamnhe apar ttihcei p

participants were informed thaheEhe coll ected da
waanonymi zedti ainplanthed piadentThéikaseonl wagbtremedei
system is-enEr@rymilndwared | ight (Class 1M), whi c
[ 392] reg2@B8BFh approve that infrared | ight is saf

3.Barti cRepcarnutistmme nGonsent

Thpsoj ecadanogerirami 200 t wo lpanitte lein  arf ese adradhg col | ect
and t hewafurrchron e h20u2n2e [t200h4 scanning positions of
back of hand, finger, wrist, i Beser Heassemnhongar
positionavarfsuarrcall mucosa, | abi gl fhiboodha Mmoppder /
t ongauned, gi ngpiavrat.i cTtpeant s ar e Umaivrelry i t gamodfi tDeudn dfe
Ninewells Hospital Nohetbaft NHKH& paysidepants were
Emai | is the main method of recruiting participa

3.DlatMmanageameat Pri vacy

I n thi sO€EFTadvwy dattlae captured by nanyeSHEOCThsyganeme
by MAT&aAB Pgobhowar e. Thedatiodemer mif neecaclhy t he s«
parameters of each OCTGBcuhao AfGiGBch hies dvaarai ocuwsl |fer



SSOCT, as i nd3chnEidg#ine Dt iramvasdatas hla
points in transverse axis, and Z is th

200kHz SSOCT, and 768 in 400kHz SSOCT.

The data wil!/l be stored on a secured

techniqgue was used to encrypt the datasets

encrypt dat a. Data wil not be shared

3. ata Collection Workfl ow

pXx Tof NR
Y | Z, where NR is the number of repetitions 1in
e spati al
the NR, X, and Y can be ncdh aZzncgoesds isbsEtifeorete o ft h&89 DT T

computer [
computer wused for storing the dat.dahbaBitheckass

for

file.
reuse

TheSOQTevsuseé ddrat a col |l ection ha€.hlkeeki n/ndri alatdeadt 4

coll ect-i owmasg bstviamen,r elaAadmmwin.s Tulse dé mevegy and wi | |
be har mful t@andher alimg&3sskie g 834dee monstgammel & he
probes -bUiISISKO&Tyl satbe m, i ncl wdainmpd et Wwae nisa rainsdk issne taunpds
or al applications. During the <comnil gddntoanctoft htehe
sampl ewiptrto hae whHiaslsi nsehemanttinside the scanning
wor kibfowhe data coll ection:

1.Before the data collection starts, the parti
and fill the consent Thepmrvaibldir ddae sac rciod d etchté oo
of the prpjecwduamd atstee s col l ection will ©be

2.During the data collseoepadni thiyo5SSOLCT, skiher eea@
scanned by the device: inner/ outer forear m, [
neck, and f ace. For the or al diau cac aclo,l rhieccd s @ n
| abi al, muodndgsuaer, o f a mghien gnovuat h ,

3.Before the SSOCT scanning epoch, the particinrg
of the skin/oral under the scan probe, and t
ensure thecproketi podtDCiilhe af acqgOCTi ti on.

4 During the SSOCT scanning, there is only reqgu
should keep static.-20tswcbhdsobsborappeogscaahbih
duration of t he s Asrmcains rade¢terim nSsd@abhyi dtghvd c e
parameters. When one scanning epoch is done,

5. After this scananadhagybe pcahc hc,ontthaectgltahses bi ol ogi ¢
cleaned and sanitised wiHBshp eadicaolhloyl ftoor aovroald ic
changeable front |l ens will be replaced with

6. Then, repeat -2 hteobwofraknh | doamt as taecpgui si ti on in va

The above workflow is built for onepesahnbng ep
During the data collection, there wil/ be three



Chapt eAl-ilHOn Al (O Processing Pipeline

This chapter outlines
Fi g4, et heneel I( Al O) pip
processing, to obtain

r

el ated algorithms

for

a standarokiemsesd ingil pasltirme efsc
eline includes the process
the QOCa@ndt i mci-luedaersn itmagge da |
deep neur atla snkest,wowltkisc it rcaa

facilitate the OCT and OCTA i maging.

i OCT | mage

! | OCT Raw| Dalta I mage |

i 7 Layer Seg;}?

i[ i rplﬁ og-si;trr ? (t: i?ns |O103T| mAanggel [ TwRe p e tbiatsi g':

i \ Fast OCT |!
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T e AT EEree ) Samp-b as g
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! nf ace ec
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| I ntemasaeay Layer ls‘,é(gmentatlon i

Fi g#4¥Tehe demonstAr-b@®nen( AFO) pbppet ddfiappoeessing
pipeline to obtain the OCT structure iTrhaeges and
processing algorithms for (O edenpi ogulmgppedh d aOC D4

(0]

T
r

3.,

p
S

al goranfdrmasneer agi ng

t

e

n OCT i mage

and OCTA

4 . Ilmage/ PPeaptocessi ng

hi s sedtoi dmtaiomda €peo-ptthoec ecdsasti AFgpgael pegfld met he OCT

aw whitah col | €bhtapd efh@@dmdeaha processing pipeline
used to p
i peline containsSpeskefi eal bprpériooccetstCsa finsg atwo doabttaa i
tructure image and OCTA | hagesl, FtFAosad galr g ¢ himt |

9 which is

i mage.

Al gori t hms

rocess the data tosobtain

Ahgboer mb mpafo ctehses idnagt af opro sftur t h e

hose al geofacperharise catrieom n a le-p @ sl éatfyhemns ,s egment ati on al
andol umeat tad giomgnt hmarti cul ar, the segmentation

pi daremimi s

4. 1lmageprPa®eessing

Fi g#42id |l ustrates the o

p
d
r
S

rocesswhngh

ai ms
afThe processing

and -nourcad aee @i $ hee¢dgmeént ati on.

Pipeline

ver al lprpoicpeeslsaimreeg tf o d diteair las

sorobmage anhe OCTA i mage from
pi peline consists of four main

emoved by subtracting the averaged baseline, i
tructure Thehar nfautkieoon .wi ndow i s applied to reduc
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Fi g#42Tehe Overview Pipelineprfoage dshidhagd@TRMRMIwW cRatsa

Me mor yGP U:

Graphics

Processing

Uni t s;

CPU: Centr

4. 1. GP.WHccel é&rFaiRtleggdor i t hm
During thbeodesaipgestage, the raw PEBSDCITes are
a type dbmkoor O€EMT t hats oaumxleoyymlseeswept t he Four i
to convert spectsalvddtanfotmadepbhh Specifically
data by sweeping the wavelength of a | aser sourc
Applying the FFT to these interference signals d
reconstructiinnffgortmad | o @eptof hd heo mmuntpd tei on al effici

enabl es
wi t hin

rapid
the SSOCT

transformati on

system.

of

By utilizing

spdeddctmealandadtyadiisn

the FFT, t



of different | ayers within the sample with high
det ai l-edctcirons sl i mages necessary for clinical an

I'n t heb@®ydedhom O pipeline, the CuPy | ibrary harne:
creating a data flow befAweent By gedred RADIC Ta ndda ttah e
is first transferred from RAM to the GPU for FF
intensity signals (di mensions typically 1 T X 1
al | repeti ti onsg)r.ayTshoedskea ssiitgyn ail nsf orremaatiinon of t he

4. 1 FY.azheer aggflighagr i t hm

I n t hiem®ODg3Tmegckl e noi se, an inherent byproduct of
degrade the image quality by biedlusdinagfl® h4le i mage
thereby reducing the aodwsracyyudfd taHh e odiiadgn aweing.e
t hdeedparmasnggd applipatiensa, asdoghasBidBilcati on

Fraaeer agi ngi salagocommaon met hod f or suppressing

i mages, which is based on r dmBO&geadto®OYJo sochatnasi nata
higlal ity OCT st afurcdganmeea aigmaage awigtor i t hms6 t he NR

in data scanni ngt ipe 0&o0amed ddarmeadnsibnag tehmacth same | oc
t he OCAssuomnhnigs tdeedeéeition (i . e.cdnkp ocs eds) DoOXIC Tf oswcra
vol umBBsdb b i hhdeD i ntensiamgd@®i gohume has a di mensi
I Zt/tRe Bvemadigmgianhime ®o4ltten as

) % 6 6 6 6 4-1
where n represengB& dlheemé mamd s ptilkxkelmrso.ofi tphiexel of
While ensuring that there is not any motion betw

t hNeR the | ower the noise and, ha g hsshogvhlAlf qaral ity
the avamagi ng met hod, t hequalltiptuyn calrsdeal @@dulsd r ne t a
volume with a shape,ionfn Xauwmayn Tt iZs/s2u e tHoawelviegh | | e c
repetition of the scan woul d result in a | ong
unpredictable motion artifacts, degr,ading the in



(A)N Rl (B)N R:2

NR=1 NR=2 NR=4 NR-6 NR-8 NR-10 NR=1 NR=2 NR=4 NR=6 NR=8 NR=10 N)‘(‘fl NRLZ NRL" NR‘*S NR‘*S NRLIO NRLIZ .\'RLI NR‘72 NRLA NR‘—ﬁ NRLS .\RLIO NRLWZ
Number of Repetition (NR) Number of Repetition (NR) Number of Repetition (NR) Number of Repetition (NR)

Fi g#43ld | usatrrad rBame OQTu ailmatgye wi th the various nun
OCT scanni iepFhdwharendi.ng adlyoi ist yme@E dtoeg ht he
gual i tiynma@@Ipvhi ch sMRger than 1. The selection of
region i s demonstOCalt @ dnaigre twh & hf iNRurle .( Alhe an be s
without ut-Aderza quignhdg.r ame

4. 1. OCTAl gor it hms

OCTA al gorithms, al so known as t he bmisetdbwanscul at
di fferentiation of iinntfeonrsmattlyi qum & @.mdge. nicrep lOLT e sa Iy e
t hesnpeckl e variah@en)d( Neg@@iprosi ti pB Q@ArED)eGdTIACI ent
met hods f o omact o walca ti [in3g@BH unsaigne SOCTA processing in
SVOCTA and EDOCTA ar e OCMtAegmagedfromobhai 4Dt het e

Taki ng co meses2tl¥ iogma Is hvaipxehlodZ/anhd the input of SVOC-
is NR I, XtHe zdi2m of SVOCTA alcgoonrtirtahsm aimsnofogr meax ti roa
consecsatame ®hich camg4dbBePsfoudaud added apaeadi abl e

/#4!@%125!@%! aU's 42

whelr @Ji ndi catne £xnist) eRylh-siBran at | @aedatdepolbaposntio
anld d)is the mean i mtcarhsaittey adda htdlced eglolh B osi t i on

EDOCTA uses the principle of orthogonality throu
is decomposed into mutually orthogonal eigenvect
subspace (spanned by eigenvercttiomg owvdrtrhe llaatregde seti
signal s) and a flow subspace (spanned by remai
representing decorrelated flow signals). Because
clutter subspada scar rsemgmnwe sstwatiil@ perfectly pr
informati on. This orthogonal separation enabl es



suppressi on, unl i ke conventional filter,ng meth
accordi2d ® Tthee pr oEcgd-Blaurce 4B @EPsienudocodéeni appeadi abl e

% % 1 EA EA E 4-3
wheweA pPA ¢BPA . ia .unitargf mat ge(Rivse ctthoer sHer mi t i a
transpasd ph ¢MBh O ishet .diagonal matrix of eige
eigenvaleesorted in descendikKi§gi gedeerctBy ss wiht cdc:
are tissue signal s, t hie#le wutnrdae?rtei poesad eefsniphlee xv e s s e |

OCT s#gmraln btee nwraist:

| #4 ) A EA E# 4-4
wheYis the i dArEtiist gt hmantirtiawx.y matri.knoferemgeatecth
setupkofnthhis thesi s, it is directly related tc¢

T a bdtle

Tabdldhe relationship between k in EDOCTA and |

k 1 2 2 3 4 5 5 6
NR <3 3 4 5 6 7 8 9

After the processing of those OCTA algorithms, t
shape of XnltWik Zt2ady, both SVOCTA and EDOCTA a
OCTA vol ume.

4. 1l2nagepPoskessing Algorithms

After obO&iTnismguthere i mages and OCTA i-mages fr
proceaslsgonrgit hms woul d be .appthed Bebasedi{ haperanasa

segmentation will be first introduced. |t is mai
signal bet ween different | ayers in an OCT struct
bi ol ogisc,alf otri sishesetmipsc/dée r mihe | a \Bers esle gme nthaet isemg.me

lines, fhathwgl admenfappltieadttheOGTursftarcuec todr ee aacrhd C
i mageShean fHa®g ecti on algorithms ien tf@&che appl i e
structure imagé&iaadl QCTAhiem&@dPe.i mage data extrac:
whi ch eaxitmm atcot t he 2D i mage from OCT structure an

4. 11l2tedhbaisey Layer Segmentation

I n OdT aBne i mage, the intensity of the signal i s
bi ol ogi cFaolr tiipssstuaenst.ke-f s laime OGRAgR , there is a dif
intensity among deéreempeipd gdnemarlt ison dIER gné ispbtaasneddi a iy r .

| ayer segmentation i s tchhearrealcyl le@d lpisewaml eal lgpaogae d h
represents t hebapsreodp ol saeyde ri nsteegnnseinttyat iApmp emeti xods i



bIAUDY 2 G at WHE 17| BE WTBBUY 12CT ot WHCGt 3T Wy U

WAt 2 Gqt WAet BT Wy 0|8 fn sk Te Wl gt 1A ¢+ T Wy O

Fi g&44Dee mon st r aih i ® mbsaoséeygltnteent avh r osnkuisroranat omi c al p O S
Red ilshnee epaidrerjmiscti on | i neéer-énpiuckg umalei ondl catee:

4. 1VdIl 2me iFAAdhtgtoem t hm

| ®CT scans, the suaifracjesna@tti drhei re pdildienj nansat itdre ie
the oral cavityThause natomealkkbgacyr vedddl abbeten the
skinsorfadhce, cuheatebyei mproving the visualizatio
guantifieat pbawm¢eeetpodebaeamidshay é u mimkeiacskmesnd mt

this t heegpiisd,gumicfABKI®Y er obt ai nedbafsreodn stehgemeinnttaetni s
algorut htaiszgdhe reference ng ne for volume fl att el

4. 1 EnfAce Projection Algorithm

After flattening the O0C6Tramd OOTAswafifamperssca i ronat u
al goriist mpplied en figmaegeater @D t he 3D .00dmhiand OC
algorithm projects the pab avod leadhnee ttriiscs udea tsau rof natcoe a
or averaging the intensThy waswlkes @astong 2Dhe edej
hi ghlights structur al and deprbyaswctuhatnhurtehef dat
enhances visuaé¢szahe oacamdacyypobvquantitative an
thickness and mappisng microvascul ar networKk

En fpawg ectionnal gdinghm&xi mum intensity project |
proj exnmeoann, i ntensaitm Poojf eahns tdartms i D ov ?IDu nema g ¢
coll apsing theThdiesptihs iancfhoiremaetd obny. appl ying diffe
the dep-ahkhiaXxi sedeh projection method offers unig
features wiTahki)iBgllas BiDs OCd. or OCTA vXIllume Iwith
Z/,2 bel ow are the formulations of the vari ous col



Maxi mum i ntensi tayl gporrajtencm isoenl e(cMIsP)t he hi ghest i
along f{lkhepaxialaxn sphoensten. tThhee f or mul ati on can be

- VIR % 1V; ¥ 45
Simi,) atrHegy mi ni mum intensity projection algorithm
) @l “d%sm“‘m 46
I n addition, mean | nctadunlsattey tphreo jneecatni oinn tael ngsoirtiyt hon
axi al axi sMI Eoanp@gao reidt heman 1 magmoattbrea mélwamenoi s e,
and its formulation can be written as:
) av £ ) auo
o 4-7
C -

4. 1 EdideEmiatl W& hi okCaelscsul at i on

After obtaining dibElsegmentatsbibnl amaskpyehel iaoar
ti ssues, the epithelium/epitbamapll i edi ¢lonegsusanine d
t hi ckKimesmseasure the thickness, the segmentation
coefficient of t he OCTAS magndndgotBiggdineihmmut ohpei sedo
coef fiinciadmOm/ 9ix&.h7dral epinehelimmemhi bkndasques
[ 399 peri ments, the refractive index of the ora
Assuming an average refractive index of 1.395 f o
human or al ti ssue c@GnipbeetalBouidmaki®®sSe¢ p-i6d &r7mal
t hickness meeeduraecmante, i ndex transition from air-r
and [14 % ewe adwepdivaah ue ,totipei Xx.edb®s 2 ZriOxre | in the sk
ti swa®e used when <calcul atThneg tthhhec kengisde ronialt htehi h
epit haenld usnki nc @mpti leeans snddcabhéol & 0owd

sEEAETAGCO L 2REIBEIUA 4%
wh eNpeidies the number of pixels between etphaesrengmsent
|l ayer, n i s $lif mtaiestsadvee, ianndde xa xoi®a p ipx ele .l size 1is
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Fi g#45Deemonstratioeanopaopecvronomset hods, and its
The calculations of SNR and CNRFag&Gehe same as

4. 1. P3 elinmOlTaOGTA IDeamgersstrati on

I n this section, we present preliminadadyY result
processi o®@CRinRETIAmMaE&ges. We apply our methods to
bi ological tissues of the skin and oral cavity.
we il lustrate how our pipeline handles different

To enhance visualizati on, we incorporate contr a:
procesen ng€dehd AOCGTmages. These enhancements i mpr
ofmi crovasodt mau qtr Wrvebsd,it h @ r, awnmiad yahidz anit emhper et at i ot
) (E¢g5and (E4g7) wetrielized ¢on ©OETAI amdiO€EcCTe

i mages in this Tsheicst immel irmeismpaercyt i d’/eerthgynstrati on pr
further detailed analysis in subsequent chapters

4. 1 NDd.rmal Bi ol cmogBlkcial Ti ssues

Fi g#4d6ies t he demon Oi€datainan OCITA | mages in healthy s
including the anat omi cFaalc esi(tCG/sD)o,f Fboarceka roni (hE/ nHd) |, (
Pal m T(hlo/sJe) .areas are common Bhdse datad arce uaaleldec



on -baiblt 200kHz SSOCT .wvienhi ansdmpheskenhsoaf LSMO
protocol i s TadI2eas #code 1 in

4. 1 NDd.ranal Bi ol cwogO@rcaall Ti ssues
Fi g#4fties t he demomn KX&detainadn OLCITA i mages in healthy ¢
including the anatomi clalc sdlt e®8uUD¥edrabdfalt hhmau coorsaal
(E/gFi)ndiGY &H)t,omfgnudB hpse areas are common sites that
Those data are chuillct2d00bldsze®@SOGT Bambintth ocoaed ir
i nt rasamipéabi g&#3. BEhe parameters of ( B arnrna nnsgv eprrsoet o ¢
axis scan range is sleXramssGeRPsmmaki §. 8i mimt a(2¥ak
pixel 1T 400 pixel:; (33. Number of repetition is s

4.1 ADndr mal Bi ol ogical Tissues on Skin

4. 1. 3Sdpelti al Case 1: Face with Acne

Fi g#48ies t he denrmon sQ&daetainodn GOTA i mages in skin bio
with acne. (A1l A2) and (Bl/B2) are two data fo
compabéswaen the OCT and OCTA i magesscuhmatacmre a
OCTA images (Al1l/B1l), but this difference is hard

I n the OCKFAg#&438relBé¥, (the acne r edefoinned peiar csu lasr

devoid of microvascular structures, as indicat e
within the |l esion. This observation isdcemsi sten
noe@exi stent vasculature within the amdadhaomed ear, cy
exhibit a dense vascular network typical of hea
avascul ar cenitnr @ hef OCHe sliFe sgidk@AcIBR2]) , i mdbgeache | es
|l ess distinguishable. The i mages reveal surface
skin depressions or elevations associated with a
sufficient contabaenceoof demsiaicyhatThie s ii tghil m gh b e
compl ementary role of OCTA in disti®@@iimabhgeng vas

4. 1. 3Sdpe2i al Case 2: Continued Daily Monitorin

Fi g49shoevs fOLde and OCTA i mages ionf stkhien fbiinogleorg iwcia
knif.e Theg results from D1 to D3 indicate that |
resolution microvasculature details to monitor
than OCT i mdapes OCBADI mages ( A,es®,IviBgiumpipibzva tdieo nh i
the microvascular network surrounding the wound
structure during healing. On day 1 (A), the vasc
wound area, with irregslauoraoadndipagstetheakoufar c
t veascul dreigd amtsi ¢ m regenerate, as evidenced by t h
and increased vascular density near the wound e
shows faondhaeandatl ognment, indicative of continu
vascular continuity around the injured site.

In contrast, the OCT i mages (B, D, F) primarily

knife cut and surrounding tissue. On day 1 (B),



edges, consistent with the mechanical di sruptio
flattening of the wound e¢ggde¢sdeisdmdehnmedied @dnlges ugge
ti ssue. On day 3 (F), the wound morphology show
ongoingl heahisgcase, the OCTA i mage can provide
highlighting the compl ementary. role of OCTA in a

4. 1. 3SPedi al Case 3: MonitoriBuwrmnl Bjawrky of Han

Fi g4Y@nki g4aYrBhoew ©O&Jeand OCTA images iom h®kin bio
back of bhuamd.Tvmigtsile yf i gam e®&Ppe ase n®CTA I mages of t

the hand with a burn injury. Monitoring was cond
D+ 3, D+12, and D+16. Each dataset i ncC@Qles stru
photographic i mages, allowing a comprehensive ev

On the i(mi+wiHali nfayy, thRieg®OHAADBilnagwesal( a di srupt
sparsely distributed vascular network surroundin
by the burn. The coFirgesaipwhBdL ndg s@PCTayi nmaa gcelse a(r mor
alteration, including uneven epider mal |l ayers an
CCDhmagresgd{r ®3 B3 confirm visible redness and the I

Omb+3, the OETHA4TIT@BAgWdstow increased vascular act
of the injury, indecwadas$ agdrmach eizrafali bmmatt @argye sr @dp o n ¢
i magreisgd{f €2 /)D2capturepihkbelimfalktitachtd@maged area, Vv
smoothing of t IC&€ Ddneargheash s ® B U)D Brue we a | further dev
of redness and swelling around the site, consi st

onD4 2, OCTAr evmmagllesdeasgarnvimaddidlary regeneration ar
site, i ndi cat i nEi cpdelt@ lv/ieB 1ah@T offgieapdeisid 2/ Bh)o w

ti srseureodwi i mMign t he centr al burn area, with clear
CCDhmag@greisgarx A3/ BIZ)pict reduced redness and smoot he
epithel.OaD+# & OICGA (FmgdgkX 1/ Blh)oawt abialnidz euchi f or m
vascul arsimgentavid mkgat i on of the miEigékERUDE)ur e. (
show nearly restored dermal CCByYort © wiiadgptidrdgp r o mi n e n
C3/ Bdnfirm significant heali hgghivpotr Bdthé elmedn sart

4.1 Abndr mal Bi ological Tissues on Or al

4. 1. 3SHpeti allL Chisael IMuMws@c avlid hLesi on
Figarz2l luenr i@ and OCTA i mages of the | abial mu

l esion, with the | esion areas marked by vyell ow d
i mages clearly highlight the | esion region as at
making it easier to delineate the affected area.
visual distinction of the | esion, showing only s
l esion identification

4. 1. 3SHpez2i al Case 2: Cont iLnaubei da | D aMulcyo shMo mwii tt ohr iUnl

Fi g4t emonsemr alD€8&Fe and OCTArhimagegi cal ti ssues of
mucos aulwietrhs i n d armotrii tnbuee df idrast te sid(a t te o TadDer QO0CHTiIAt o r )



i mages (Al1/B1/C1/ D1/ E1) clearly distliaaghui sh ul c
mi crovascul atur e, providing aostmarsgecodthi astvasg
absenmarbéral cerated areas, enhancing the detect

I n OCT i mages (A2/ B2/ C2/ D2/ E2), the ulcer areas
charachhyrliawaelr grayscale intensity compared to t
intensity reflects surface irregularities and | o

4. 1. 3SHpeli allL lhisel 3Mucosa with Ul cers

Fi g&4YsB hoevs fOLde and OCTA bmabegi cal orassues of th
wi uhcers in two diffAmemg them, MDOH/OA2Z nand+R1/ B2
LSMO3 Il ens, and C1/ C2 and D1/ DRn ap & rBtlit BLRIr sl t s
D1/ D2c oampear i ssoanmeo fu ltlhees s d a0 @ ailLBtMO&BQ raald slpeercds i vel y.

The OCTA AllmaBdleg )C1iiDdh!l i ght tharatlicyeragedhoseasce o
mi crovascul atur e, enabling clear diffif eBleemnt i at i or
results of Bl a@atnhd IDedn o rteyspens pgrhavwi e simil ar cap:é
based on vaStubatuanbbeWR@ETRZINagoeomp( ement t he OCTA

by showing the morphol ogical di fferences in the
indicating disrupted tissue structures. Whil e t|
detail s, t haec hii retvreaso rcaol mplagmasi lseu apg é z onlgmaac @acti Br i s
demonstrating its practicality for intraoral i ma
These results suggest that both |l ens types are e
and structural OCT, providing flexibility for cl

4. 1 E.iWeThmicskness Heat map Demonstration
Besides the demonstratiFog4bBe@dCMsandt ©€TA hiemaga@n

results obatske ismtgenesnittay i on on three abnor mal ca
with a scar, the face with acne, and the palm wi
on dermis arearenleyn, fBlc/eB20@BTI3 i mages based on e

Cl/ C2/ C3 are epidermal thickness heatmaps.
I n the bacwi toH ( €thger htalmel heat map clearly highligl

significantly increased epidermal thickness, <cor
in Al. Similarly, for faci al acne (C2mal the hes
thickness at the acne site, aligning witthh al t er e
scdrC3) , the heatmap depicts an uneven increase
di sruption seen in A3.

This analysis demonsttbases tskekgmehtiaataoypy 6bDri gea
heat maps t ol oicdaa hinzoef nalangki n condi teinonf@CcTeThe com
i mages andi s hactdkfnfaecsressonan enhanced wunderstanding
maki nygal utadadle for assessing skin abnormalities il
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Fi g#4%Dee monstokeat iOd e and

OCTA

mages



Fi g#48Dee monstoreat ilGl@Wdeand OCTéAkKki magessiums of face w

Fi g#49Dee monstoeat D&@Teand OCITA skhagebi ol ogical tiss
with a.Bayf®e (Dhl) to D3 indicates the .continued
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Fi ga44ar®emonsbokeat D& eand OCITA skbgebi ol obgacckal ti ss
of harbdirwmi tbmj sryhe start day .of the burning hurt













































































































































































































































































































































































































































































































































