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Normal chest X-ray




Eloaywyn

B [ott emova?
= Atoryvootiny) tAneopopla o€ 2 SLaoTATELS.

® Avvatotnta obyrplong (tow/ petd/ petaéD)

Normal chest X-ray ’ ' Abnormal chest X-ray
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Heart Mass in the right lung
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® Avvatotnta obyrptong (towv/ pete/ petagd)
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Eloaywyn

B [ott emova?
B Atayvwotinn TAnpoyopia e 2 SLLGTACELS.
B Avvatotno ohyrptong (mewv/ petd/ petokd)
B ATEWMOVIOY AVXTOUK®Y - COUAWDY -

LOQYOLOYIUWY 1/ %0 AELTOVOYINLWY

Y OLQOATNOLOTLLWVY. -
: |
= Awbeorpomta s, on oo
= Emrowwvia Pag B E@.

PACS Server Off-Site Diagnostic Workstation
DICOM and Webserver DICOM Software Platform

Web Viewing
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= Avayvwplor, tocotineg petonoets (1)




Eloaywyn

m [t etova?
B Atayvwotinn TAnpoyopia e 2 SLLGTACELS.

® Avvatotnta obyrptong (towv/ pete/ petagd)

' ' ' . ‘\"}
B Anemdvion avaTopney - SOUKOY - A |
LOQYONOYIX®Y 1)/ %ol AELTOLEYHGY A ( A )
Y OLQOATT|OLO TGV, P ——

= AwxBeotpotnia

® Emuowvomvia

® Erncéepyaoia
B Avoyvoplon, tocotweg petpnoetg (1) i 2

B 20VOLXOTINTY] LEAETY] OLOUPOQETINWV

, OTIEMOVIOTINWY TEYVIUWY.



Amewrovion-Mopyoroyio-Asttovpyxotnto

Anewioviotinen MeOodog | Avatopia/Moggoroyio (vey) |  AsttovEyotyto

Axntvoypoplo V —

CT \ (3D) \ (CT Petf. Imag)
[Topnvirn Latonn — /N (3D) \ (uptake)
MRI \ (3D) \ (EMRI)
Yrepnyoyoopio V (3D) \ (Doppler)
Muwpooxomio \ (3D) \ (LSM, whoptopoe)
Ontiny anenovior V (3D: OCT) V

Image Fusion: 20vtn&n dedopeveoy and SLuOQETINR ATEILOVIGTING CLOTY AT




H Ewova otny Iatoinn Eiduotnto
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Standard Photo

Advanced Needle Visualzation: Shoulder
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Ewuova - Xpovog — Awxataostg (I)

(- N

Totouen
Euwtova




Ewova - Xpovog — Awxatacetg (1)

A7nobo0m oyxov (Volume Rendering) E Seapova oA Tho2 155

h’ Introduction to Flaxible Bronchoscopy casa 1
Simulation




Teyvineg Atyvwotinung Amenoviong

Gexvméq ITooBoing \ /T OPLOYQUPIKEG Texvmég\

" TTpoPoAn ogyavov as 2D " AeTtTEG TOPEG

" AAnrosminadudn totmv " AltpoQot ETITTESOL-TUN LT

" AToiltovvTat TOAMATAEG TTEOLOAES " MeyaADTEQY ASTTTOPEQELL

" [Ispropiopevy TAvQoYpoQIn " [TAobolx TAMQOYPOQIN
kEt'mo)m, yonyoQy, ¢onvn! / " Muxpotepog «00gvBog»

\ \'Oxz TILVTO EDXOAY], ALYOT. cpﬁ*qw'ly

Ep.: Avagsperar
2 TEYVINES Yo el ¥ £ykipoto Tour
ot mepinrwoy. V1

’ 1

OBeAwaia Topn

14




Agyeg ametnoviong I

[Tow eketaoovpe g «BAETOLY» OL aVLYVELTES TIAPE Vo OOLUE Twg BAETEL TO avbpwTvo paTt. ..

Ray Diagram:

(Using a simple outline of the eye)

Qbject

mage
(on the retina)
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Agyeg amewoviong I

[Tow eketaoovpe g «BAETOLY» OL aVLYVELTES TIAPE Vo OOLUE Twg BAETEL TO avbpwTvo paTt. ..

Ray Diagram:

(Using a simple outline of the eye)

Cornea Lens

Eo.I: Ittt oev BAemovue
2 etnoveg?

Eo.2: Tttt oev BAemovue
«oavormrodon?

Rays shown in green represent light
from the lower point of the object

e
(on the retina)

Above: Basic Ray Diagram of image formation within the Human Eye.

Pinhole camera

model H, H; Lens focal length R
WD FL
Ho: pnyog avtixetpevon }
Angle 01. view ._ image sensor
WD: anoctooy ano Qouxo " " T~ ccD
Hi: pnxog stdwlov
’ ’ Focal
FL: eotiaxo pmrog Working distance jength
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Optical center
of lens

Field of view



Agyeg amewoviong 11

IMagdaderypo — Optical/Light Imaging
Ewove: «unrogr, «wlarosy (# pixels)...xer «Boabog» pixel

H axtivoBolria amd pia mnyn
(TO0ES OVVATEG ATOYPWOELS UTOPOVY VA XATAYPAPOLY)

PWTIOPOL AVUIUAATAL ATIO EVAL
oTolyelo TG onunvNg (scene
element).

[Hlumination (energy)

' Y a /'/ SOuTce
Eotiaon and tov waxd otov 771\
arcbnnoo (image plane) »ow
GLAAOYY).

O awontneog nopayet pio e€odo L
(e-) avaAOYM PE TO YWS TTOL / T : ; pnrog
ovMeyetat oe nabe otoryeto Tov. | ‘ Outgfut (digitized) image
HAextpovina nunAwpoto
COLOWYOLY TOL GTOLYELX KoL

TCO(QCS(YOUV éVOC 7])\. GhMO( e OTCO{,O {Internal) imoge plane

Scene element

017 ovveyelx Prpronoteltal.
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Agyeg ametroviong 111

O vy veLTNG AVTATOXPLVETAL GTY] ELOEQYOMEVT] ANTIVOBOALA AU TTHQXYEL NAEXTOINO O

axnvoPohia

bikpo

HAzKT p. oYU

AVIYVEUTHC

KOAU L \ *
W Inpa-Efodoc
|,I1.| \
|

n'}m\l [og volts)

-"'La‘__.
|'|.| \ \

Avryvevteg os

O1aTagy YQUING

Avryvevteg os
Ordtaéy mivorro
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Taor avaioyn

TG ELGEQYOPEVNG
AxtivoPBoMag!

21T OLOUPOAL AUTIEUOVIOTIUX CLCTYUXTOL

QUTA TOL OLOLXOTIMG AAAGCOLY Elva: N
mNYY axTvoBOANGYG, O TUTOC TOV
VLY VELTY], XL GLUVETIWG Ol TOTTOG TNG
EMOVUG TTOL TILQAYETALL.



Wrgromoinon & X rays, I

X-raytpn(plakr’] EIKOVO | E
TEXVOAOYyia CCD

/ 2TIVONPIOTN G ( METATPETTEI TIC AKTIVEG X

L [J  oegu)

/—v 7 OTITIKA VO ( PEPVEI OE ETTAPH TO PWC HE TO
' CCD ka1 KOBel TIG OKEDATEIG KAl TIG AKTIVEG X)

CCD “”O”psm' TO 0PATO PUIG OE NAEKTPOVIT

pixels -pedpa)

/[ LA / HAEKTPOVIKA KUKAWUATA ( EMOXUOUV TO NAEKTPIKO

ADC OAUa Kal TO JETATPETTEI ATTO O VOAOYIKO Og wn@iakod)
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Wropltonoinon & X rays, 11

Apeon enopy; XmvOnoromn — CCD

Xm0/ tg petatpenet axtiveg X oe pwg & towtdypove 1o natevbiver evfoyooppa Toc T0

CCD ywplc TeQLTTEG OUEOAOTELG. . .ETOL NATAOYELTAL TO OTOWMUX TWV OTTIUWY VWY
Y nelakog al1obnrtnpacg

Tmvinprotig

TTovhouae , | .
Teyvoloyio cco '

I Kepapiké
UTTOO TpWH

CCD

OTTIKEG
lveg
20
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AwoOnneesg CCD 1

" CCD amnotekeiton anod wwtoevaiohnta otoryeio
(MOS), oe 2D owtaén. MOS: pwg — e- &
arobnnevon e- (TuuvwTNg).

" To CCD amoppoya 0 pwg amerevbepwvovtag e-
(pwTONAENTOLXO).

" Ta e- CUAAEYOVTOL G TTNYAOLX OLVALILLKOL (UATW
aTO TO LOVWTY]...ONptovEyoLvTaL pe +V ato
Magaveg aydyyo NAEUTQOOLO TNG KTTLANOY).

otpwua (TToAn)

" To e- CLYXEVTOWVOVTAL KOVTA OTY] OL-ETUPAVELX
Nutoeywyod (S1) — povwty (S10,).

W " Boyoppoletot 1607 ot NAERTOOOX e

p-timov

NATIAANAO cLyYEOVIopO. Ta e- petamntvodvTal

x1tO t0 evae MOS oto ailo. l



CCD anotelobpevo and 3 MOS
om0 TNUEVOLS TORAAAN AL

H nouvotopto tov CCD éyxetton o
UETOPOQA TOL ONPATOG, o MOS
oe MOS (Nobel prize 2009).
AQY 1A TOAWVOLUE [LOVO TV TOWTY
TIOAY]...OAO TO OY|LOL GLYAEVTOWVETAL

exel.

Eretta, todwvovpe ™ 6edTEEY TOAY
1ol UNOEVICOLUE TO BLVALLKO TG
TEWTNG —> TO oMU petotynOnue
OctLa.

Opolwg %ot Pe 1V TELTY TUAN.

NOon. ..
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Awetntreeg CCD II

O O O Single Pixel
) Element

—
—

A/D
e Converter

o' Ya —
LA L R

>
>
e
~
>
*
-
-
>

CCD Speed Image Acquisition Delay

Slow [{_'J: Fast Short :Hmng




T evoaOnaoto eyer evae CCD

[Ti0av /Tt T0 YwTOVLIO var amoppowndel oty YwtoevaicOn Ty TepLoy”n not vo elevbepwost e-

CCD Spectral Sensitivities
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300 400 500 600 700 800 900 1000
Wavelength (Nanometers)
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Prolomoln oy siovas/ onpatog



Wrpromoinon
H noiotnta emodvag e€aptatot oe peyoaro Babud and (o) tov aptfpd derypatwy mov

natoypoyetl to ovatnpa KAI (B) tov aptbpo twv yowpatwy (Stefabuioewy Tou yrol)

To onua
géodovu (volts)
TOU aVvIXVEUTN
METATPETTETAI

O& «Xpwua»

ApiIBuoc
olaBabuicswyv

YKpPI
(rr.x. 256)

Mnrkocg (N pixels)

ab

FIGURE 2.17 (a) Continuous image projected onto a sensor array. (b) Result of imag
sampling and quantization.
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Wrnolonompevy sumova = aglbuol ae mivaro!

Ao, OTUY «AVOLYOLUE» Wi
EIXOVA, OVOIATTIXA «UVOIYOLUEN

4 0tBpo0g. .o o)t «yEopaTon!

S (0! ccot0uo! avTioToryoly oE «yowuoTon,

But the camera sees this:

194 210 201 212 199 213 158 182 209
180 189 190 209 205 115 129 163

126 140 176 165

103 143 142

138

124

92

45

41

92
78

Figure 1-1. To a computer, the car’s side mirror is just a grid of numbers




Evxgiveta (Xwowm) I

Aiaoraoeig eikovag (MxN)

H pinpotepn anootaoy oty onolo 2 avTIELLEVX LTTOQOLY Vi ATELLOVIGTOLY

nabopa, e SlanpLTa OQLA.
B IIII “I”

I.m:“: .’ requency
28 2 Ipfom “a Im 6 lpfem B IpScm




Evxpiven (Xowpotinn) 11

# bits (# Grey-Levels: # 6ixfabpioswv yxot)
28=056  2°=64 /=16 22=4 2 =2

256 GL
" To avBpwmivo patt proget va eywptoet ~ 30-60 dtapopeTineg
OraBaOpioetg ynot*, Oty ALTEG TUEOLOLAGTOLY 1) Wldt LA OTNV
aAAN (Fovahoyo TO YWTIGUO).
= 2NV emova OpwG, #xobwg To ATl EMLOXOTEL TNY EUOVA,
16 GL

TEOCXEPLOLETAL OTIG TEQLOYES OTIOL LTIAQYOLY OLUPOPETIUX ETUTEOX

yrpt (contrast), xot €10l UWTOEEL Vo EEYWELOEL TEQLOCOTEQEG. I

29



Cornsweet 1llusion I

30

lMoia mAaka givail Mo OKOTEIvA;



Cornsweet illusion 11
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Avoroyuea / Prorosd Xnpote

B AvoAoyino on|pot: OLUVEYEC G|, TO YOOVIA UETHBAANOUEVO YUQOUTNQLOTIHO TOU
ONUATOG (T.Y. PELUA) EIVAL X XVATILQAGTOCY] UATOLOV GAAOL Y QOVINA

UeTHBoUALOUEVOL ONUATOC (TT.Y. NYNTHO UDUX).

" Y. 2TO XQOYWVO, 7] SLUKDUAVGY] TOL PEVUATOG
010 ovppatvo Bpoyyo (voice coil), Aoyw g
TUAAYTWONG TOL OLXUPOAYILATOG, AEUE OTL Elvat
«AVIAOYN» TOL NYNTIUOD UOUATOG.

m Wroaxo onpo: avamaaotas?] Twv 6edouévey wg anolovbio Slaxoltey Ttphoy. Xe

OedOWUEVY] YQOV. GTLYUT] TO GNP TTalOVeEL i TLY] (O Evar TEMEQUOUEVO oLVOLO). To WX

OYULOLEYOLVTOL XTTO TNV OELYPATOANL Hot XBAVTOTOLYGY] AVAAOYIUWY CNATWVY.

'iiiiiiiiiiiiiiiiiiiiqt 0.0 10.10 | 0.20 |0.30 | 0.40
s100 10551095 |0.95|0.55

2/ A R A A
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H petatgonyn avoaroyxoL
oNPoTOG ag YNPLaro yiveton
UEG® GLGHELNG
ADC:

Analog to Digital Conversion



Metatgoncag Avaroytoov ae Wnotaxo - ADC

MeTaAAAKTNG
Data Acquisition
T.X TECONA. KPUOT., . ol Analysls
UIKpé(P(L)VO, KATT. : . % N Hardware
‘Hyx. Kbpa — HA. onua "

‘Pncptonbinq

& L]
e Signal
N o) Conditioni .
*,, Gonditioning ¢

(xv€opetmastg, vYNAEg TAOELS), Computer

n, Juu
m Tt yosaletor 10 ADC?

m Koatayooyn oe Ynplonn popwn, Encéepyaoia,..

= Avvatotta Yny. eneéepyaotag offline/online.
34



ADC/DAC

Metatgonn avaloyirod onpatog as Pneraxo xout avtiotpoye...(ADC, DAC)

SAPATE — [roen] — byl — ()
©) — Lyt — pren]— A fart ()

How Speakeors Work JEIERRISE

35 basket



ADC, ano 1t e€aproton? (I)

1. AxpiBewx. O otaBpeg pe tig omoleg Ochovpe va avanopaotoovpue T0 onpa pag. Me v
nPBavtonoinon Bolonovpe ™y mAnoteoteer) otabun xabe ung (Tov TEonLTTEL ATO TNV
detypotoindio). Ieptopilovpe 10 medio Ttpwy oe evae GLYVOAO TETEQAGUEVOL aEtBpoL Ttpwy M.

1111 » 9.375
EREmEE R , (max)

1 1 1 1 1 1 1 1 1 1
—_— ——— - — — — ] ———
1 1 1 1 1 1 1 1 1 1

Time (min)

AxpiBeto: 3 bits (2°=8 otdOpeg) 4 bits (2* = 16 otaBpeg)

Y1odeom TG 67MpHaTog: 1.25 Volts 0.625 Volts

MunpoteEn LY TOL UTOQOVLUE

10/2° =10/8 = 1.25 10/2*=10/16 = 0.625

vae natoypapovpe (exrog aro 0):

36



ADC, ano 1t eaproton? (I1e)

2. PoOpog Astypatoindiag (TOcO yoNyoQa #oToUYQAPOLILE OELY LT

Acrypotoindio: Kd0e ‘At’ sec Kd0e ‘At/2’ sec
2oyvoTNTA t,(Hz) (n.y. 100Hz = 100 f, = 2xf, (Hz) (n.y. 200Hz = 200
Asrypatoindiog: detypata T0 sec — nabe 0.01sec)  Betypata To sec — xdbe 0.005sec)

Nyquist Theorem: f_&etypatoindiog > 2Xf max (7oL LTAQYEL GTO GNP PALS) -




ADC, ano 1t e€aproton? (IIP) /\/

Nyquist Theorem: [ Ostyucctoinics > 2 X £ max (mov vrdpyst oto oruc peg)

Aliasing ($evbrg petatomnion)

38



ADC, ano 1t eapraton? (11y)

Nyquist Theorem: [ Ostyucctoinics > 2 X £ max (mov vrdpyst oto oruc peg)
Aliasing ($evbrg petatomnion)

Fo=1Hz
Fs=1.33 Hz




Aliasing os Ewovo 1

Nyquist Theorem: [ Ostyucctoinics > 2 X £ max (mov vrdpyst oto oruc peg)
Aliasing ($svdng petatonion)

TS

F, Fs ~ 8 X F, Fs ~ 4 X F, Fs ~ 2 X F, Fs = 1.33 X F,

40



o . v n, B [f i i 1§
Aliasing oc Ewova 11 h

Nyquist Theorem: [ Ostyucctoinios > 2 %X £ max (mov vrdgyst oTo orRue peg)

Aliasing (evdng pte'coc’cémmq)
Fs~8xF Fs=4xF ~2%xF_ . Fs=1L3xF,,

ATAVAT AVAVAY AVAVAY e W

AN N AV AV




Aliasing 1n reality...

|
1:3 1.4
1:5 1:6




Ilwg proow vo atopdyw to Aliasing?

= Av€avoope 17 ovyvotnta derypatoindiog (Fs)

" (T, #APEQU PE TIEQIOCOTEQH megapixels)

= Kdvovpe 10 onpo pog MYOTEQO «HVPATOEIOESN.
" «EeoQTvVopaoTe» (oY QelnoTes) VYNAEG OLYVOTNTEG.

= Xavovpe MyY| TANQOYPOEIN AL EIVAL XXAVTEQX ATTO TO VX
gyovpe aliasing.

|owpass filter

IA‘?&UAU%“#" MWLLWHW**@

Iowpass filter

@ - it — ]| A o )
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Metaoynpotiopog Fourier
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Time Domain
s(t)

Frequency Domain
S(w)




T elval TO YOLOPA EVOG ONPATOG?
ITwg progwe va «Bydiw» T0 00gvfo?
y1 = 0.7%sin(2*pi*50%t)

+ noise

b"fr

:;'il i !« ‘;M’ 4 *W'\ W*"ﬁ' »

y2 = 0.7%sin(2*pi*75%r)
+ T*sin(2*pi*120%t)
+ noise

AWt




—

Koutdm povo Tig «xDEIEG) GLYVOTYTEG ol AYVOW TIG DTTOAOLTIEG

4

um, }W {l’n AW Wm N M |

\3
Fr eqv'rv‘ M2)

Single-Sided Ampiltude Spactrum of y|1)

\Wr ’MM.( ﬁﬁ Mw‘ﬂ

'3\.

Single-Sxied Amplaude Spectrum of y(t)

200 250
Frequancy (H2)

Sngle-Sulad Ampitude Spacirum of y(i)




Avaoovletw ta onjpata pe.. ANTIZTPO®DO Fourier!

Singe-Sxied Amplude Spectrum of y(t)

200

250 300 3¢ 400 450 500 : 20 25 30
Frequancy (H2) tima {miksecends)

Inv. Fourier

150

Sngle-Sxlad Ampiitude Spacirum of y(1)

200 250 ) : " 20 25 a0
Frequency (Hz) tme |millzaconds)




Ay onpoto Xnpota ywels 6ogvo!!

y1 = 0.7¥sin(2*pi*50¥t)
+ Thsin(2*pi*120%t) |
.“ .. ““ . " “

15 20 25 3
tima {miksecends)

| y2 = 0/ 74sin(2*pi*75%t)
|+ 1*sin(2¥pi*120%t) |

15 20 25 a0 as 0 45 80
tme |millzsconds)




2npo, Ettova & auyvotyteg

MM 717
T AN




Metaoynpoatiopog Fourier - Ewxtova

Ewodva = 2D onpa, o Fourier toybet »ot yio
eoveg (2D Fourier).

Azewrovion (os 2D) ZYXNOTHTEQN nov
DTTAQYOLY TNV NQYINY| EIXOV.

Agyxneg
Ewtovec
'

Meraoy.

Fourrier




Oogtopeveg spuppoyeg tov Fourier...

H EneEegyocaioc (.. e€orywyn YOEOATNOLOTIHODV -‘ ‘&b
| ' 4 2
ano ewmoveg CT) s a==

Radiomics

B Diitpagropa (filtering).. .cidope nopdderypo oe oy

B Anoxotootacy] (restoration)... nopdderypo -
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Image
restoration
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H nototnto prag eixovog eéogtotont omo. ..

B E0pog nAlpanog apotLEWaoNS (grayscale resolution, m.y. 8bit). | -
B >uvolnog apbpog pixels (XXY): Xwoum Awmorrny Inavotra (ipdteen HH

ATOCTUOY] AVTIUELUEVWV YL VO ANV «PULVOVTALY OV EVXL).

High Low

m Xpovinn Araxottiny Inavotnta
(Pubpog Aerypoatoindiog)

Avtifsor (contrast)
MeTpo ™G avOTNTAG OLAXELONG UETXED PWTELVOTYTAG
StapopeTinwy meploywy. I1oco «powlovwy neployeg
TIOL EYOLY JLAPOPETUY] ATIOYOWOT).

O&dtnta (acutance)
[Toco «potalovvy YELTOVINEG TIEQLOYES TOL UAVOVIXA EYOLV
UEYAAN Stopopd oTnV apabEwao) (Y. edges).

L
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Iotoyouppo & Avtibeon

Histogram

0 25 50 75 100 125 150 175 200 225 255
grey-levels

Histogram

0 25 50 75 100 125 150 175 200 225 255
grey-levels




Avvaprn Khipoxo Tipowv Apadowons , Windowing
(gray-level mapping)

Meyaddteon ITwo
avtiBeon PWTEIVN
(oto w71)

[Tpooappoyn tou Metatomnior tov

UEVTOOUL TOL

napaBvpov (WC)

eDOOLG TOL

napaBvpouv (WW)

0 ‘85 170 O 8 170 O 85
c85 c85
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Encfepyucio stxovag



Encgepyacioa Ewovog - I'att yostoleton?

B Beltiwon g mototntog (m.y. ®aADTEQO
contrast).

B Anoxotaotaoy (restoration), e€aieudm
OopLBov/aventBLUNTWY TEQLOYWY.

B Alayn teomou Beaong (m.y. Yevdoypwpatinol
yaotec—pseudocolor maps)

m >opnieon (m.y. yoo anobnuevon, petadoon)
m [Toocouxeg petpnoeg (1) — ywpog/ypovog
B X0yxplon (TEtv/ petd, ¥AT).

B Tunuatonolnon TepLOy Y EVOLAPEQOVTOG

(segmentation), Ta&VOU O], XAT.




ITopdderypo Eneéepyaciag Ewovag

m Metatponn Emovag: A —-... (ordowa)...— B
m Teooepa Baona otadla:

m [Ipo-enc€epynoia (n.y. enhancement-apaipeor

BopbLBov)

B Tunpotonolnoy oe nEeg mepLoyes (segmentation):
avlyvevon axpwy (edge detection), #aTwYALOTOON

(thresholding),...

= BEEaywyn yoapantnolotinwy ava teptoyn (feature
extraction).

IPEA T REE
saviARERaaRARENENE
= S 2 O T L A T I s R Y 1 B

oy ‘> .' ¥ W (=1

m Tokivopnorn neploywv (MaTo, GTOUA, UOTY], UOAAL,
UATENO, . ..).
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Iotoyoappa Ewxovag

|E3 NI Vision

Histogram

0 25 50 75 100 125 150 175 200 225 255
grey-levels




Kafohxy Katwyhonoinoy (global thresholding)

(mooaderypa xabohxng emeéepynoiag)

k3 NI Vision

Histogram

0 25 50 75 100 125 150 175 200 225 255
grey-levels

k3 NI Vision

£3 Image after Threshold & Label




Tpnpotomoinor (segmentation)
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ITogadetypor Tomnng
encéeQyonoiug —
AVIYVELGY] UKWV
(edge detection) os
LOTOAOYINY| ELXOVA
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'‘Evyyowun Ewove, I

FIGURE 6.3 4 53 n0m  575am
Absorption of
light by the red.

u ! 1 '
KapmoAeg amoppoynong ot #wvla TOL  [eiitie

cones in the

appBh/67. R, G, B: Kbpw (primary) homan cxe as o

wavelength.
YOWLALTO.

" Color space: pobnpotind povrero-
neplypdpet xabe yowpo ooy mActadx
otV (YOWUXTIMES CUVIOTWOES),

ouvnBwg 3wv.

—_
7
=
=
=
-
7
=
=
=
-
<
£
<

RGB color space

" [lpoobfetnod Yvompa Xowuatwy. R,G,B tpootibevtot yo v ‘>

Magenta

AVATIOAYOLY T OLAPORA Y OWUATA.

" Kopteotavo ocbotnpa ouvtetaypevwy, xabe yowpo avtiotoryel oe 3 ko'
e (r,g,b). Mabpo — Acmpo: dywviog.

" Eyyowun ewmova — 3 eoveg (1 avd ovviotwon). Xorotponotodpe
PIATOX TOL ATTOEEOYOLY OTLC avTioToryes meptoyes R,G,B.

= 8 bit avd emdve — 3x8=24 bits — 2% = 16,7 exat. cuvdvacpot

KOWUATWY.




'‘Evyyooun Ewove, 11

m 3CCD m Bayer : 509%G, 25% ', 25%
Tot-yE0UXTHOS SloywELoROC [Tpooop.otalet To avbpwmntvo patt!
e ovotolyla motopatwy & CCD. &
H xio motop o2
P oo E
OO Ee
Fo oe
~ \\’?\. " S
‘ Incoming light
- ) Filter layer
Sensor a rray
Aypoino moloua (A,B) Ta yoouara mov vroleizmovia
COLALPEDY TO PG TE OETUES oe nabe pixel vroloyilovrar e
oLapopeTino A (yowuarog). akyoptGuixa (interpolation).
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255,0,50

0,255,50

"™ 00,255
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'‘Evyyowun Ewove, 111

Green




'‘Eyyowpn Ewove, HSI

[Mwg avtthapBavetar o avbpwnog 1o yowpa?. ..oyt T10c0 oto cvotnpa RGB, adld
oto HSI! (Hue, Saturation, Intensity) [Number by Colors’, Fortner & Meyer, HSI (Chap. 4), Springer, 1997]

Brightness

u
M ag | nta Ysaturaton

Less
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In the HSI system, the hue of a color is its angle measure on a color wheel. Pure red
hues are 0°, pure green hues are 120°, and pure blues are 240°. (Neutral colors--
white, gray, and black--are set to 0° for convenience.) Intensity is the overall
lightness or brightness of the color, defined numerically as the average of the
equivalent RGB values.

The HSI definition of saturation is a measure of a color's purity/grayness. Purer colors
have a saturation value closer to 1, while grayer colors have a saturation value closer
to 0. (In other color models, the meanings and mathematical definitions of
"saturation" are slightly different. See HSL and HSV color models for comparison.)

120° g 60°

Color Intensity

o

Color Saturation

1

O
270 xy eminebo




RGB — HSI

Equations to Convert RGB Values to HSI Values

Suppose R, G, and B are the red, green, and blue values of a color. The HSI intensity
is given by the eguation

I=(R+ G+ B)/3.

Mow let m be the minimum value among R, G, and B. The HSI saturation value of a
color is given by the equation

S=1-m/I ifI>0,or
5=0 if I = 0.

To convert a color's overall hue, H, to an angle measure, use the following equations:

H = cos™![ (R - %G - %2B)/vVR2 + G2 + B2 - RG - RB - GB ] if G = B, or
H = 360 - cos [ (R - %G - %:B)/vR2 + G2+ B2-RG-RB-GB] ifB > G,

where the inverse cosine output is in degrees.

AvtioTolya, peow eélomoewy propovpe vo tape: HSI — RGB










2ounieorn, Ewovey

Teyvinun ovpnicong 6eS0UEVWV TOL ePUEUOLETHL B8 PNPLAKES EULOVES VLot UELWTY] OYXOU
amobinnevong xat YoOvVoL HeTdG00NG TOUG.

- Lossless: Xounieon XQPIX anwleteg (n.y. meptoyn-1e10aywvo otabepng andoyowong Tov
yrot he 4 TUEC: ¥y Vg @, value)...umopovpe va methyovue 2:1 pe 3:1,
- Lossy: Zvpnieon ME (uinpés) anwieteg (n.y. JPEG). Emtpenst myv npooeyytotnn

VATIUOACTACY| TWV OEOOUEVWV AS. .. WTOPOLIE Vo TeTLYOoLpE > 20:1.

8x8 blocks JPEG Coder

Compressed

Image Data
8x8 block o 5 Entropy

JPEG Image

JPEG Decoder

Compressed

..-‘-i Image Data
ol 8x8 block oa Entropy

y

- Inverse DCT Dequantization Decoding G 011010...

JPEG Image

Reconstructed

74 Image




ITopdderypor Xopmicong, 1

A!MI

Agywn: 211 KB (8 bpp) 96 KB, =2:1 (6 bpp)
(256 mBaveg TIpeg apadEwong/ pixel) (64 mOaveg Tipeg apadowaong/ pixel)

75



IToepaderypo Xoumicong, I1

]

LS5 SN0 A

i-i;'l!m'r-ml.tm

Agyen: 211 KB (8 bpp) 74 KB, =3:1 (4 bpp)
(256 mbaveg Tipeg apadpwaong/ pixel) (16 mOaveg Tipeg apavowaong/ pixel)
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IToepaderypo Xounicong JPEG

\
|
o~

nf-'pmmz:mi
l

JPEG: 103,642 bytes, 11:1 (2 bpp)

Agyum: 1,187,986 bytes (24 bpp)
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Volume rendering
Registration-fusion



Avanopdaotaoy 'Oyxov (Volume Rendering)

B Teyvun yuo ™y entdetén (display) 2D npoBoing evoc 3D

QLVTIXELUEVOD. ATULTELTOL:

B ["wvia Oeaong 3D avuxetpevou (Beon nopepog)
= Xoopo (rgb) KAI adixpavera (opacity) yrx xabe 3D pixel (voxel)

CT ayystoyoagpia
Xwpnn cuoyeTon
OY1OL-UOTOLES
NAQWTIONG

79



Registration & Fusion

B Image Registration: EvBuyodupion Ewmovwy:

B Ano 1o (8o modality, oe Stupopetinoig ypovoue/ouvinreg (m.y. dnpronod

NOATOGXOTILO: aVETLOVUNTY] HLVY|OY] UATO TNV ATELOVLGY] TOL TOAYNAOL TNG
unTag. AvemtBoun nivnon tov acbevn nota ) dStapueta
antivobepanevtinyg ovvedplac-Image Guided RadioTherapy).

B A7 drpopetind «modalities» (m.y. CT/MRI, PET/CT).

80

B Image Fusion: Peahotinn «avape&ny dedopevey (n.y. CT-MRI,
SPECT-CT).

B H telny emova Tapeyel cLVOLAOTINY| TAT|QOPOQLA.



Alle: Suflwrne: 3N-DACTAR - s:iliveci

window !_l:lu

CT + PET

o] lm: faimlic] | 4| f= =g
_] -E I_lm\lmnl —'.I,QJ Sﬂ
=10 x| RPN

ctpet 1 bl
Randaring Window Halo

Toi ek piess 1. Mig+# navse Euttan lor quick opians

MRI + CT
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Me1at6067 EMOVLY - TOWTOXOAAY
RIS - PACS



ITowtoxoriho DICOM

m [lowtonoAiro yox ) Awvyelpton ot
MeTapopd amemovioTIwY OEOOUEVWY
(ve€aPTNTO ATO NATUOKELAOTY)).

m H anootoln Tou etvar va Stacpoliost
1] OLXAELTOLEYIUOTYTA RETAED TV
OLOTYNUATWY TOL YOYVOLLOTOLOLYTAL YL
NV THEXYWYY], anobnuevor, eppavio,
XTTOGTONY|, LVAKTNON KL YEVINA
OLOLYELOLOY| AUTIELK. OEOOUEVWV.

B DICOM ewdveg anoOnuevovrar oto
PACS xou etvon drabeotpreg oto
OLAPOOA TAT|QOPOOLUNA CLOTNOTA +
otaBpolg epyaoiag ToL VOGOUOUELOL.

83

PE
0
O
=
2
<
=
L
@
O
=
o
oo
&
0
o))
N

F—— 2x109x91

To apyeto DICOM meptéyet pa
neuldo (TAQOYOPIES TYETUR UE TO
ovop.x Tou actlevoug, OO caEWaNg,
OLLOTATELG EUOVAG H.AT.), AL TO
OeOOUEVA EOVOG

First 128 bytes: unused by DICOM furrngt
Followed by the characters 'D"1''C''M
This preamble is follovied by ex Ira |n|nlrnal|nn e.q.:

00020000 File Meta Elements Group Len: 132
00020001 File Meta Info Yersion: 256
0002,0010,Transfer Syntax UID: 1.2.840.10008.1.2.1.
1l 0.|dentifying Group Lgmath: 152
L|,.|'-1 udclhljl MR
er: MRlco
Length: 28

esentation I:lnup L.—nqlh 148
2 Samples Per Pixel: 1
IJLIZ:'II' *1,.F'h||tun|elr|u4Inl:-lpn—tahnn MONOCHROMEZ.
IJLIZ:'H 0003, Mumber of Frames: 2
00280010 Rows: 109

IITI'I,.I_ urnngs: 91
;pamna_ 2.0052.00

Lip
"FEIl ||[|1 1] F'I.'m—| DC.I:. 1'3HC:==




PACS, I

2ootnpo Apystobetnong & Metawopdg Ewtovey

Aixrvo DICOM Nogcoxopetio 2

Noocoxopeio 1

data network connecting
DICOM-compliant devices

DICOM Modalities DICOM Peer

Picture Archiving & Communication System (PACS !
' ®

DICOM Store DICOM Query/Retrieve

"'

A9 A
DICOM Store | DICOM Query/Retrieve
& v®,

@ DICOM Network ®

® 000000 OO OOODPOEOSPOOTPS

DICOM
BOX Converter BOX Converter ADA
Print Dgital DICOM Store DICOM Query/Retrzve

Print Digital
LAN (ATM backbone) DICOM 3.0

Main Server

System [

nﬂ'l‘l ww s | & - ' P -9
IS [ ] ‘
T | e { |~ %; AT DICOMBurner System
4 . ;| Backup/Restore Images

Image Spooling ‘i & )

and database

Main Storage Laser *- B Diagnostic Display Workstation (4A-Type)
Sienet PACS  Film Printer One unit of 4-monitor radiology workstation
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PACS, II

O6ovn Atemorpng

|
CEY Mrrvpn

A o 5

e e o
=

126w 73
P oThkidgtmn

" CYeeYie A

\
§
’

ol

B

»

<E
.‘»"4,;"
i b §

>

" [8
’ ’
: T
«»
Wo2EL L0 y = y
1.0 reen SI1Lx171  +2.0emen 120x173  "233.3mm 1282128
932008 D3 S AN 690128 FooTMG3Stan  S6tT1 ol THcainn




RIS - PACS

RIS: Z0otpoa nhentpovinng Acquisition Diagnostic Viewing

- - e R
[}

OLoyeLlOLoNG OEOOUEVWY OTO
OAUTIVOLOYINO TUT .
Kopteg Aettovpyieg: e IR 1. Radioooy

= Patient registration-
scheduling (appointment)

= Patient tracking

= Results entry

= Results distribution

" Reporting and printout
" Resource management

" Procedure billing
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PACS - IThsovextnpato/ Metovextnpoto

Mewwvetat 1 mbavotnto amTwAELAG ELOVWY.

Apeon mpooBaon and toraniovg otabpong epyaatiog (WS).
I'onyopn avaxtnon emovey.

Avvatotnta avalvong & enefepynciag — BeATiwon SLayvworG.
Edroln & yonyoon petoopd petaéd otabpwy epyaotog,
YOV LA TY.

O00veg vYNANG evnplvelag — BeATiwor dLAYVWOTG.

Metwong #0atoLg YoETLoL.

Y{nAo n06TOG CryopaAc-cLVTNENONG.

ACPaAELX LETAOOONG TAN)EOYORLWY (7).

Amotel cEOELWO] [LE VEES TEYVOMOYIEG.
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AANeG TEYVOLMOYIEG LUTOINYG UTIELOVIONG



Neeg Teyvoroyieg — Kabodnynon EncpPoatinwy Awdutoctwy

EAdyrota EnepBotiny Xepovpyuey, (MIS)

’ f
9
A S
Laparoscopic Open
cholecystectomy cholecystectomy
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Neeg Teyvoroyieg — Kabodnynon EncpPoatinwy Awdutoctwy

PO{.MTO‘Cmﬁ XS!QODQY!M‘I;] (RS), 1. Kovooha, 2. Encéepyacio Ewovag, 3.
Endowrist epyadeia, 4. Popmotnog Boaytovag, 5. 3D evdoonomntio vdming suxpivetag
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Neeg Teyvoroyieg — Mogroxn (Brohoyia) & in-vivo Ancinovion

In-vivo ansinovior/ mocotinonoinoy Blodoyimy Sladinactey 68 ®TTUQIKO ETUTEGO Pe
et61#00G pogtluxong tyvnetec. Mmogst va guvetapest atny xobodnynoy g Ospunsiug.

‘Eyyvon vyvnbetn o onotog rnatevbdveton mpog to

Mmnopel var aTEMOVIOTEL TT.Y. 1] EXPOXOY]
Oy otdyo (Yoo amenovior/ Oepaneia).

EVOG YOVLOLOL 22-0700 Y 0Y|CLLOTIOLWY TG
Molecular imaging & therapy YOVIOLAL VAPOOASG T OTOLX UTOQOLY VO

Improved

i emtonpoviovy pe padtovouuAidia

(SPECT imaging)

/ Imaging — Williams Lab

1min 30min 4hrs

i
1

®
2
@
=

1
i

Activated

cancer
cells

«,"V—r’_‘

;
1

ng of * (

Localized
therapy
Cancer
diagnosed
Targeting
medication Killing

i
&



In-vivo Near Infrared Fluorescence Imaging

NIR Fluorescence

Color-NIR Merge

Negative

Negative
| Sy A

g

Esophagus

.o

- Positive “

Positive

" 4

(L

Positive Negative Positive Negative Positive Negative

NIR QDs (semiconductor particles, only several nanometres in size) migrate from esophagus to specific
lymph nodes of pig. Top row shows in vivo esophagus of pig visualized with color video, NIR
fluorescence , and color-NIR merge images. Lymph nodes shown are positive (a7r0ws) and negative
(arpwheads) tor QD uptake. Botfom row shows same lymph nodes after resection.



NIR Fluorescence Imaging (demo video)
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http://www.frangionilab.org/publications /images.html




