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IMAGE PROCESSING
OF HISTOPATHOLOGICAL SPECIMENTS

SUMMARY

The aim of this project is to create an Image Processing system for the needs of

the image processing lab of the Cyprus Institute of Neurology and Genetics (CING).

In this project, image data was captured using an Image Acquisition card and a
plocesses,  iwages

software package which prgee’ss these imeage has been developed. Image analysis,

image quality enhancement and image coding algorithms have been implemented

and documented in detail. A software package has been developed, and has also

been tested on actual image data.

This report presents in detail the whole project. A general introduction to image
processing is presented. There is a brief description of image processing concepts
and the various types of images (binary images, gray-levelimages, colourimages).
A detailed investigation on existing image processing hardware and software is
presented, followed by a description of the implemented algorithms. Finally,
examples of each operation on images are presented, together with a picture of

every image before and after the operation is applied.

Finally, the software package that has been developed, has been tested on actual
image data. There are examples of each operation, together with a picture of the

image before and after the operation is applied.



Organization of project

The pages following in this report are organized as follows:
Introduction presents a general introduction of what this project is about.

Chapter 1 gives some basic information about MDRTC and describes the objective
of the project. Also, a primary investigation of existing resources that will be

utilized in this project is presented.

Chapter 2 explains some basic terms related to the field of image processing:
digitization, resolution, binary images, gray-level images, colour images etc.

Moreover, the imade representation of the images that will be used, is specified.

Chapter 3 contains all the investigations that have been carried out and involve
existing imaging software and hardware. Specifically, detailed information about:
the EyeGrabber Image Board, the ’'Basic Imaging S/W package for Genstar
Systems’ and the '‘Development of S/W for the Classification of two dimensional

Inputs’ package, are given.

Chapter 4 presents an analysis of the outputs, output devices, inputs, input

devices, interface as well as performance criteria for the system.

Chapter 5 discusses the mathematical theory behind the algorithms used and

describes how this theory is implemented using computers.

Chapter 6 gives examples of a number of applications that have been carried out
for testing purposes. Pictures of the images, before and after each operation is

applied on them, are presented.



TABLE OF CONTENTS

Summary

Organization of project

BB EPIEITICEION v . . +xr.vee s o wosss s swmvwa s s wamans ¢ Navanss o5 wMH S 54 SHN § 5 MMHNN § 3 ERBHONE L EHRMEEE S BAFRE § 33000 1

Chapter 1 : Introduction ............ooiiiiiiiiiin 2

BN Come ' words abOUt MDBTC .. uucu i iavmns s sninss sumn s s s wwnsns s uswumes s s svavio s s ansins o 3

B Obiectives Of ProjECt .. coueieiucciiiinnionusisnnensainisivasassassasassaniasmasanssnssonss 5

1.3 Primary Investigation .......c..ocviiiiiiiiiiiiiiii 6

Chapter 2 : Digital Image Fundamentals .....................cn, 7

20 TN 1 Vo [ €Y [ T () o TR PP 8

BN TGHTIZATION. & s sunnnn s sumn s summnnvs suesmen s s snsne o § KEROLE LIRS 4 HESNRES 3 ¥ SIHOS 0 SASHES § ¥ SWRTT 9

2.2.1 SpacialResolution(imagesampling)......c.ccovvviiiniiiiniiiiiiiicinenan, 12

2.2.2 Brightness Resolution ..........ccvvviiiiiiiiiiiiiiiiii 12

2.3 Graylevel or Gray SCale images ....cociviiiiiiiniieiniiiinirieiiieiiniriiaesiaananns 15

PR B ATV ATTIALIOS & ¢ ccosowsvis ¢ sinaans s 8 Samoms § 6 swssssns s § 556 & § wHnDe ¢ § SAWSEN 3 & AHAIEHS 4§ 50K 8 ¥ W & 15

B I E O | OLITITT IR S cciv0.s 5 i & o i & ok § 5 ik imiien & 07kt § aind & 8 SUEHN 44 § SAAHNA & BORERE &5 DAY 15

2.5.1 The Additive Colour System (RGB) .......cccvevviiiiiiiiiiiiiienennnnne, 17

2.5.2 The Subtractive Colour System (YMC) ....ccoovviiiiniiiiieiiiinnnnnne. )74

2.5.3 The Hue, Saturation, and Intensity Colour System (HSI) .......... 18

2.5.4 Image representation for the system to be designed .............. 21

Chapter 3 : Investigation Phase : Capture & Decode ..............cocevviininennenn. 24

SR The EyeGrabber Image Board ......cccciermesaimisniseiniosssiosnsunsessonsosssssnasss 25

3.1.1 EyeGrabber’'s major fUnCtions .......cccoviieriiniiiiininiiicinnrennanan, 26

3.1.2 System ReqUIremMents ......coivrviiiiiveiienreieraeneresieneserrisersneraens 27

SRR T eChNICAl REFEIEICE: s s vimuwsss s vumines s samion s § svmwmns s s wamsasns s swwss s s siees 27

3.1.3.1 Input/Output Ports Addressing ........cccoevviiiiiniiniininnnn. 2

3.1.3.2 System’s Memory AddressSing ......coocvviiiiiiiinneiineinniies 31

3.1.3.3 Programmable RegiSters ... issussivwwensss snsnsis s wsons o smas 33

3.1.4 Programming Specification ..........cccovuveiiieieniiiiiniieincnrnineenens 36

3.1.4.1 EyeGrabber’s Programmable Registers Initiation ......... 36

3.1.4.2 EyeGrabber RAM ACCESS ....vvviiniiiiiiniininiiiiisiiinerecineins 36

3.2 The 'Basic Imageing S/W package for Genstar Systems’ .................... 40

ENINIRCADIUTE FITTEDE coinsos o605 500500 is bt bomish bt s 54 6081600 4 SMmaNa 35 aaiss §9 41

3.2.2  SAVE IMAGE wuivnirnirnirirnieerernieetntrneierrssnerernrentenerneseenesnens 41

3.3 THE IIMG filE FOrMAL +vvvveeeeeeeeeeeseeseeireeeeerereeeeeesseesssesssassrreereeerereesess 42
3.4 The ‘Development of S/W for Classification and Analysis of

two dimensional INputs’ Package .....oevveiriiiiiiiiiiiiiiiiien e 44



T 1L L T R LLLIITITTTPPRPPPPRPRTIPPPRPRR 45

SIGRIEMONILOr TYPES cnvuersraremnsessnmnnncsesommnsssrveresssuannses vonsnees vamsnss sonsns 45

Arn, 1.1  Digital NOTITEES wero s s sumsorn s 2 smmmons « snvsmn s s swmmnes s s msses « 1 saen 53 & 45

315.1.2 Analog MONOTOIS wes s wessn s ssmnes ss svmmn s s swwmnens s s swwws o sawas 55 46

3.5.1.3 Portrait MONItOrS ..vvieiiiiiiiiiiiiiiie e iiiieeiiiririieeseanraaes 47

3.5.1.4 Supported Screen Formats .........ccoviviiiiiiiiiiiiiiiiiinn, 47
FIEROPANalog versus DIigital (TTLY ceess s ummsse s susunes s ssiwen s vemmosas o smses s smowns o 49

3.5.3 The appropriate Monitor for an Image Processing Application ...... 50

3.5.4 Monitors required by this project .........cccoeviiiiiiiiiiiiiiiiinn, 51
Chapter 4 : Analysis & General Design of the New System ......................... 52
4.1 Description of Major iNPUtS .....c.coiiviviiiiiiiiiiiin 58
BEERR D GIDEVICES: s v sommven s s onumun s ssnnwns s » saian » 3 Sesies § wmsweis 5 SUANIEUR § 3 BAEHE 2 HwRTN 3 59
B EsCrTiption OF MAJOT OUTPULS s veuess s s ommes s snasiwe s sunon 1 o worwowan v o wnis s vawsisa s 59
BN CTADOVICES . 1« vovss o siomuciis ds 5 ks s sssis s onschis 5355667 § SRR S5 8 AHGH » 8 35804 85 wmin 61
B S e CONTIGUIATION s« oo smmmens s vommemen yymmmen s swssnm o o pismmn s  emsnn » ¢ s s s mnmin 14 61
T [0 (=) 6 - (o= 63
I E B O AN CECTTECTIA G co i s owiinns s sowmamin i wamacs i 5 oamns s § Swan o § SoREwas o § Fomin o » Ghisine & suis 63
Chapter 5 : Theory of Implemented Algorithms ............c.oooiiiiiiinnn, 65
5.1  IMaAge ANAlY SIS cuiuuiiiriiiiiitiiiiiiieieiittiiteetiarerirernererereertiansrinrennrnnssd 67
5.1.7 DrawHIiStOgramsS . ...oovviiiiiiiiiitieiie it erineenaeiinsrinesevissroseens 68
ERIBOSSHOW HiStOGrams VAIUBS s s sesws s s suwns v s vamws s s swoevn o s s swisvs  vsimans s sos 72

5.2 ImageQualityEnchancement.......cccooviiiiiiiiiiiiiiiiiiii i e e enaees 74
5.2.2 Binarization Operation .......ccieviiiiniiiiieiiii e 75

5.2.2 Arithmetic Operations .....covieiiiviiiiiiiiiiiiiiieiire i rnerianaans 78
ONPPSUBIWISE OPELATIONS i o5 s i s euinni s sasne s i smnns s bsess b 5 ouuvn s wisios s sodis 81

5.2.4 Binary Image Processing ......c.ccovvviiiiiiiiiiiienniiiiieniiiieierieninenaans 83
5.2.4.1 Boolean Operations .....c.coevveiiiiiiiieiiiiniinneiiiineennreieenns. 83

5.2.4.2 Binary Edges - 4 and 8 Connectivity .........ccecvvnvnnnnn. 84

5:2.4.3 Local Boolean OpPerators ... evius «ssames s s s vusiiuns o s wsion oo sass 85

5.2.5 Detect Boundary Operation .........cccvvvriiiriniierieeiniinenenernenerarnns 88

5.2.6 Remove NoiSe Operation........cccvvviiiiiiieriiereirniiiiaiererneneienensnans 90

IR B 111 o L= oo [T Vo [T 92
5.3.7 ConVertIMGIOPIC .....ivuiiiiniinieiirerieiereeeeeeerierrrereeneanennes 92
5.3.2 ConvertIMG to MONOChIOME ... .vivuireeneiiieierieierteerierereineseeneanss 93
Chapter 6 : APPIICAtIONS ..............ceveveeeeeiirenneeeeeseee e eeerereeeeeeeseeraereeeeees 97
6.1 Capture of muscle biOPSY IMAGES tivviiiiiiiiiiiiiiiiii e, 98
6.2 ADPDIICALIONS ..vvvvveeeeieirieeeseeeeeeeeeeseeeaeeesseeseenesereesesenereeeeeeseennanes 99
8.3 INEXOFPROTOS ..uvvveeeeeeeeeeereeeeeeeeeseseereeeseeseeeesesesressereessssarareees 101



"gstions.........................................................................................'I 20

CIUSIONS . ..oviiiniieeniienn TP 122

.................... ok & § RS & SR § SRR § § SR § 5 A £ 3 WERRAL § § WAoo » Sarmemenes = o) D
Demostration Programs .......cccevveiieiiiiiieieniiniiiiinaeiienn, ceeranes 123
Conversion of RGB colour information
10 HSI colour information ....vvieiiiiiiiiiiiiiiiieiiienniseseiesersssannens 140

BIVAIIEE S oo oessrmanneromsrnes s pasnesss ienosne semsnbns s EROUOTE LPOPESS s s arans s ponnnee ren 147
ENSeS..ierevinarns ¥4 § 8 N 68 GRS § 8 ST 6 W s 8 8 R S PR § § PSR 8 S ———— 157
160



