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PREFACE

Dear Readers. the boek you have n your hands 15 a summary of
restarch curnied out at the Depastment of Computer Biomedical Systems,
Institute of Computer Seience. University of Silesiz in - Katowiee m
cooperation with the team of Prol, Edward Wyleeata, .Se, M.D. This
canperation resulied in the erention of methods lor aphthalmologisis
support e OCT images sutomared analysis. These methods, like the
application  developed. on' thelr basls, are used  during  routing
exwmimiiions carried out 1 hu‘ipildL

The monogeaph comprises proposils of new and alse of khown
algarithms, modified by authors, for fmage analysis and processing,
presented on the basis of example of Matlab environmem with Image
Prodessing lools, The vesulls are sol only obtained fully adtomatically,
hut also repeatable; providing doctors with guantitative mformation on
the degree of pathology vecurring in the pationt. In this case the anlefior
and posterion eye sewment fs unalysed, e the mewsnrement of the
filtration angle or individual layvers thickness.

To introduce the Readers 1o subtleties'related Lo the implementation of
selected fragments of algorithms, the notation of some of them in the
Mutluly gnvironment has beoy given. The presented source code is shown
aly iy the form of example of implementable selevied algorithm, I no
way we impose here the method of resolotion on the Reader and we only
provide the confirmation ol passibility of its praclical Implementation.

The book is addressed hoth ta ophthalmologists willing 10 expand
thear knowledge m the Oeld of sutomdted eve measuremonts dnd also
primarily to [T specialists, FhD. students and students involved in the
development of applications designed for automation of mensurements
for the peeds of medivine. _ _

This book is available free of charge in an electromic version, The
authors peree to disseminute, duplicate and use in uny way free of charge
this book. A commercial use of algorithms and mages presented is
protected by law.

The suthors thank cordially Prol, Edward Wylggals, D.Se., M.D, and
his team for the provided images and valuable guidance and
consulianens
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1 INTRODUCTION

An opueal womography 15 2 modem, nos-invasive technique for a
lissued section smaging, in this case of antedior und postenor eye segment,
using the hght scattered on mdividual fayers of the exommed tssue: The
spectral tomogrphy, a5 conpared with the hitheetb solutions {e,g, time
womogmphy), features much higher resolution. The climinaton of
moving muror, necessary o scan deep o the object examined. allows
also shortening the examination lime (object seanning) dpproy. o hundred
nmes. A short time of scan performance as well as its seguentinhity und
muintiining 4 vonstant <hifl allows obtaining 3D images [7]. Many
imstrments avilsble now allow such imaging, [nstruments. used fo
seguire mmages psed m this book. have been selected from them: Le.:

o SOCT Copernlcus HR,
- E_;-JE. Cirries HO-OCT,
o Felss Stratus.OCT Zeiss\\isants OCT.

Overall, the algonthms presented helow huve been texied ona group
o maore than 100,000 jmigges of parients, both Déalthy and with s
significant degree of eyve pathology.

The most interesung fragniems of algorithms presented have been
recorded o the Matlib gnwrunﬂmm version 7.2.0.232 (R20064) and
lm.ngt: Processing Toolbox, version 5.2 (R2006a) Individual fragments

algorithing are separmted  only  with fext, comments and  afier
'IITT-:H;IH:H}H ereate a whole allowing o full image omalysis. Despite that,
the muthors assume thay the Reader is mmiliar with baste Tunetions and
pousibilitics of the Mmlab software, with specinl emphasis on the
operations carried out on matrices. 1t is pot the case, the authors refer
Readers o familirise themselves with Matlab basies; g, references
(411,

L terms of the unaged objeer. the deseniption of OCT images analysis
and processing methods has been divided into two pants: the anterior eye
segment has been presented in the first part, while the postenior eye
segtont has been presented in the second purt of Lhis monograph, in
secordance with Fig. 1-1



PART 1
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PART 11

Fig. 1-1 Cross-section of the frant snd back of
the sye with a marked characteristic of the
locatlion sreas



2 ACQUISITION OF IMAGE DATA

Difficulties with' reading and appropriate interpretation ol  danz
recorded fordndividunl patients in OCT equipment result pramaridy frosm
munufacturers” fears of developing own compentive sofiwure. Fregunently
the iformation 3% a company seérel, Fortunately the OCT eguipment
software produced newadiys more and nrore uftrm recorids the dan
aequired moa DICOM or sunilar Tormar, The Opropol OCT 15 an
exceplion here, recordimg the acquisition data in one compiessed file,

On the other hand DICOM 1muages may be read m Mutlab using the:
dicomread  function available i (ke Image Processing package,
Unfortunutely, the asability of this function, in version 5.2 of the e
Processing package possessed now by the suthors e read DICOM
imapes originting from reputed OCT manufactwrers, i small, Missing
header tags and frequently a specific record of the image (JPEG2000) are
thie reiison for which the rendine of files i diffieull. Such files cannpl be
read also by majority of freeware avatlable mothe Intermet and desipned
forviewing wypical DICOM images.

Letius look at the beader read from the track

e - A T [T [Py f ST,
Hath mameEstDuofzoljzse /L DL

as follows:

g = Copsmiosch rmEem, Yotk
diets= « [remc|f=d."EeE=ntadta:

ECd ol | =54

then we obtain the fesull disgetly from OCT Catl Zelss Meiditee file
fior examiple for the Gt thousand of chnrpeters

Gharidatan ri: 4407 " b

we obiain the result:

ane -

OIC € (ORIGINA UI L 2082&I00CL ZER000FCTAEaST0T o0 Ut

2B EE O I IEBNN43L2v]l39. 3L L1 0L FuEON I e 2R 1464 E3ES

[ JIIIITL‘:E b 0 2007032 7 0 Z00TGBE. 3 THMITH35E I THIT4EE Z

MTHEI45E B8 p L0 Tl Es=si MEaeter Duig. L0 Thawetsyten
i
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ACQUISITION OF IMAGE DATA _
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The infommation avallable in the Intemel specify clearly the place,
where the dara is located. e.z.
= 00100010 PatigntName N
e 0020,0013 InstanceNumber N
o (QOO0Z0010 TransferSyntaxUiD M
s (028,0100 BitsAllocated N
o (028,0111 LargestimagePixalValusinPlans N

Tlus means that patient’s Name and Surpame given o Hexadeciml
nutation i Appropritte sequence stating from LSB and ending at MSH
will be preceded with values read from the file, e 2o 0 12 oo In the
example Al privented these are the vilues comprised by elements from
480 10 U6 Tenge, Le. chasz(datas (MEN:S081 Y. aarEa (BT E0EL T As
a result we obluin

F Bohzeveil “Rellecs
Collnins 1 theovdh -
iE a 1-F L] 80 T8 21 L] Th
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i BH 15K I-Ld



D ntrwducsion o dnrerior Eve Sepmunt Analysis

colams £+ Efirough =7
b2 4 0y g

The reading of the remaming information comes down only 10 finding
appropriate tag and then the record contenl. The skeleton of example
function 007 hes sssa, relummg the mformation on the hesder
hendar 4icon and, the inutels ©o ol image, designed o read the duts
originating from OCT Visante, are presented below:

Thmadnr d=gomLa[=04T head pead)dacaa)
flagl=zecom (¥ AAOTI:
ia= 1
hasder dlfom=[{7
=1 200C06
Se=lhtastiy 122310+
(rimb e =12 0 26/ b=4) iTtageis)==0}
Patinec Name—char (GatdallE lii0stazaa 4 )= "5
hesdss Hicem, Satiaui abame | Ll =tatians Hams;
qu:'l? =iz -
fsemiicet=132 0 Y3 g8 s=L)s1ZtagLi2|==0)
Inssan—e_ MNimber=—hat{dataa|L=81);
humdzh_ﬁ U‘m.IHJt4HCt qLEf*'tLui_‘HI'JH‘é Mumer.
Elaslea; =tz

frumd (En 20 L8721 =314 {Eapl{}=0}
Iuﬁﬂuuuu-va

header dloBm UID[ L4 F=ehex (UL "]

Fleal i3)=L;

Lot bEt=]«40 0 8 171 ==l &lELaal Iiy==1(
Ep=dataali+8103%

headss dlodmoBles” pae Biwel] VoT=4n2all {L=8]2
Flzgzidr=%;

[mgm] bE="==140 { I U9y ==qEfisg=i131==01
Medatan (£=9) *2584datsa i+ B

fieades dzoom.Miwmn(ful <3

flagau=r=i;

tpumiien =224 13- 0. 01 =1sitl=nz(el=0]
neader dloom.lemon plzel dataflu)-dacas(iLi0y 3 5e Iai-date
A Lady) *2L5F0acaaliss] o

BEagiigi==I;

fuimt len =40 0 9 3|1 j==) btShagt{Fi==1)
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