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AIAI'NQXH ME AKTINEZ-X
» Apn Acrtovpyiag - Mapaywyn Aktivov X
» Amoppo@non Aktivwv X, Avixvevon Axtivwv X
» KAwwég Zuokeves Aktivwv X - Aldyvwon - Apxn ™ s Mactoypa@iog
» ApOpoc CT (Hounsfield Number)
» H pébodog e AumArng Evépyerag

AZONIKH TOMOI'PA®IA
» Computed X-Ray Tomography: Apy1 Asttovpyiag
» Hurovoypappa (Sinogram) - Avaxkataokeur Topoypa@kig Eucovag
» Radon Transform
» EmavoAnntikés MeBodol Avaxkataokeuvic (ART)
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Entidpaon ¢ avodikig Tdong ot Hop@t) TOL AONATOS TWV aKTivwv X

Spectrum of X-ray Tube: W-anode
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Emidpaon ¢ avoduig Tdons ot pop@1) Tov @ACHATOS TV aKTivwv X

(a) Zxebldote TA KUPLX XAPAKTNPLOTIKA TOU EVEPYELAKOV QAOUATOG Auxviag-X pe
avodo amd BoAgpapio kat Suvapiko emitayvvons 100 KV xat va ta oyxoAldoete
OUVOTITIKA. AlvovTal oL eVEPYELEG CVUVEEOTG TWV NAEKTPOVIWY OTIS TPWTES OTOLRASES
TOL ATOUOV TOV BoAgpapiov:

E.=70 keV, E;=11 keV ko E,=2.5 keV.

M 2.5 keV
La 1
) 1 keV E(K,) =70-11 = 59 keV
Kat KB E(Kg) =70 -2.5=67.5 keV
E(L,)=11-2.5=8.5 keV

K — 70 keV
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Enti§paomn ¢ avodikig Taong ot pop@r) Tov Q@ACHATOS TWV aKTivewv X

(B) Av to Suvaulkd emitayvvong pewwbel ota 65 KV, 0to kKawvovpylo evepyelako
@AOO IOV TIPOKVUTITEL (OKLAGUEVT) TtEpLoXM), OEV TTAPATNPOVVTAL TTAEOV OL YPAUUES
K, ko Kg. Tati;

3120 - Spectrum of X-ray Tube: W-anode
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AlOPPODE

X X+AX

dl —pdx = ﬂ:-p j dx = I(x)=I,e™

I(x) I(x)

L YPOUULKOG CUVTEAECTIG ATTOPPOPTONG
L/ p: Lot{lKOG GUVTEAECTNG ATIOPPOPTIOTG
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O A, A AX = I(x)=1e 2
[(x)

I(x)=1,e 1"
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Evioxuti¢ padloypa@kig elkovag
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Medipix Detector
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AN EVSTISATTINONEXS
Medipix Technology @ CERN

Online Color X-ray Computed Tomography First 3D color X-ray of a human

v

A 3D image of a wrist with a watch showing part

of the finger bones in white and soft tissue in red.
(Image: MARS Bioimaging Ltd)
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X-Ray System with Flat Panel Detector C-Arm X-tube with Flat Panel Detector
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C-Arm X-tube with Flat Panel Detector
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NTATNCZEL WS

ATTAG KATAyHo KATWw YVABoU pe EvTovn
LETATOTILOT TIPOG T APLOTEPC.
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AN BTG

VOB6 : L 1511

ASla@dvela pe ayyunpd cvvopa otov €0

LOOTO E LOTOAOYLKA EAEYUEVO KapKivwua.
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ATATNCOZ EL S

Tplodidotatn ameltkdvion TwV EYKEQPAALK WOV
ALLOPOPWYV AYYEIWV. AVOKATAOKELN

Ao Pl oELPd aTtO TPOLOAKWY ELKOVWV LUE
Bpayxlova-C cvokeun akTivwv X.
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ARAINE

Eyke@alikn ayyeloypagia mov deiyvel Eva
aveEVPUOUA T} CPALPLKT] SLAGTOAY) HLAG
EYKEPAALKNG apTnplag.
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H avtiBeomn efaptatal povo amo tn dta@opd Twv cuvteAeoTwV eEacBevions OTav
TO TLAY0G TOL ATTOPPOPNTLKOV VAIKOV Elval To (Sto.
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Ald@OopPEG 0NV EVKPIVELX KL TNV avTiBeomn HeTadl Pn@LaKNG LAoTOYpPa@ oG Kal
NG AVTIOTOLYNG ATIELKOVIONG LLE PLALL

Stathis STILIARIS, UoA 2022

-22-



COMPUTED 2GR CEONIOC A ERE

Parallel-Beam /] N Fan-Beam
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BEEAIE L AZON O

e

O MpwTOG TMELPAUATIKOS AEoViKOG Topoypd@og kataokevaopuévos amd tov Hounsfield o
dexaetior Tov 1960 padll pe TV TTPWTN LOTOPLKN ATEIKOVIOT) TOV eyke@aAov. (Hounsfield &
Cormack, Bpafeio Nobel latpikis 1979).
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BEEAIZE AZON)

Atovikot Topoypdpot Ipwtng levidg: MapdAAnAn §€oun (pencil beam) amoé tnv yn twv
aktivov X pe évav Hovo aviyveutr). Ze KdBe ywvia, To CUCTNUA CAPWVEL PE LETATOTILOT) TOV UTIO

efetaon xwpo. Ag€id: O Tpwtog kKAVIKOG Topoypa@og (EMI Central Research Laboratories,
London, 1972).
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BEEEAEEL AZON KON RO E DD O

2" T'ENIA

H myn twv axtivwv X kiveltat KUKAKE aAAQ Kot Pe
HETATOTILOT, 1] SEGUN lval KWVIKE AToKAIvovoa UE
avotypa ~10°, evw o aviyveutg amoteleitat amd 10
TePLOL oTOoLXELQ.
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3" TENIA

H myn twv aktivewv X Kiveltat KUKAKA xwplg
HeTATOTILOT, 1) S€oun elval amokAivovoa (fan beam)
He aloONTa peyaivtepo avorypa (40°-60°), evw o
aviyveutng amoteAeital amo 1000 mepimov

oTolyela.
-26-



BEEEAEEL AZON KON RO E DD O

.

Atovikol Topoypd@ol Tétaptng 'evidg: H mmyn twv aktivwv X Kveltol KUKALKA
XWpILS petatomion, n 6€oun eivat amokAivovoa (fan beam), evw vdpyel otabepog
SaktUALOG aviyveutwyV (~5000 otolyela) ECWTEPLKA 1) EEWTEPLKA TNG TINYTG.
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BALKOEIAR,

X-ray source

_________

table motion
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detectors

EAkoeldng Agovikog Topoypa@oc: H mnyn twv aktivwv X KIveltal KUKAIKE evo
VTIAPXEL TAUTOXPOVN OLOAN YPOAUULKT) LETaK{VNoN Tov e8pdvovu. H cvBetn kivion
LooSuvapel pe eAlkoeld1) kKivnon KataypaPng.
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APIOMOZ ¢ (FloudsiisldMepgar)

Ky — Aqu()
HH,0

CT, = 1000

Tissue CT number (Hounsfield units)

Bone 1000-3000
Muscle 10-40

Water 0

Lipid —50 to —100
Air —1000

Brain (white matter) 20 to 30
Brain (grey matter) 35 to 45
Blood 40
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APIOMOZ ¢ (ElouasgiisledNusioee)
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| COMPUTED FOWMICCIRAERY

Topoypa@um Avaxkatackeun Ewovag amo MpofoAka Asdopsva
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COI\"' r OVOERAPHEY

Parallel-Beam Geometry
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\ -"'f;(f)

The usual solution: Inverse Radon Transform
P(T; '9) — R{f(x: J’)}

r 0. @]
[ f(r-cosf —s-sinf,r-sinf +s-cosf)ds
—00
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Co'lyll r OVOERAPHEY

Tomographic Reconstruction

101 Years of the Radon Transform
'~ SITZUNG VOM j3o. APRIL 1917.

On the Determination of Functions from their Integrals
along Certain Manifolds
| Véﬂ
Jouanx Rapox.

A. Bestimmung einer- Punktfunktion in der Ebene aus ihren
geradlinigen Integralwerten.

1. Es sei f(x, y) eine fiir alle reellen Punkte P = [z, y] er-
kliirte reelle Funktion, die folgende Regularititsbedingungen erfiille:

) £(s, ) sei stetig.

b,) Bs konvergiere das fiber die ganze Lhene su erstreckende

Doppelintegral | £l ) |
’——._—_-d:n: (i .
f f Va*+y?

¢, ) Wird fiir einen hehﬂhlgﬁn Punkt P=|[z, :;] und jedes + =0

fr() = fr(:r: + reos @, ¥+ rsing)dep
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DS Aocmen.

Johann Radon (1887-1956)

RICAM

JOHANN ' RADON:-INSTITUTE
FOR COMPUTATIONAL AND APPLIED MATHEMATICS
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COMIPUTED FOMCIC R EL]

Tomographic Reconstruction

What is a Sinogram?

Object — Projections
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COMIPUTED FOMCIC R EL]

Tomographic Reconstruction

Back-Projection

Sinogram — OQObject
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APXIKOZ ITINAKAZXZ
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2 Hot Spots
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OMPUTED CReV(¢

180

360

['ati To nuitovoypapua b (8e€id) dev avtiotolyel oe TPOLOAIKEG ANPELS TNG ELKOVAC a;
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COMIPUTED

Original

N=90 N=360

EEdptnon ™ moldtntag avakataokeuns amd tov aplopud N twv tpooAtkwv ANPewv.
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Algebraic Reconstruction Methods

’

\

R, = ipij X
j=1

- ) .

NP: Number of Projections (Angles)
NR: Number of Rays

R(NPxNR)
© ) (

P(NPxNR,N2)

Calculated Rays

Stathis STILIARIS, UoA 2022

Projection Matrix

y, \

Tomographic Reconstruction

"Z{L‘I

)

Reconstructed

Matrix S43-



COMPUTED

Algebraic Reconstruction Technique (ART)

Iterative solution of the linear system of equations

R. Gordon, R. Bender and G.T. Herman: "Algebraic Reconstruction Techniques (ART) for three-

dimensional electron microscopy and X-ray photography”
Journal of Theoretical Biology 29 (1970) 471-481

Back-Projection

S RF
Qk-l—l Qk sz

Z P P

J=1

1)y *ay, 5H=p
Equivalent graphical solution for the

two-dimensional problem as adapted
by Rosenfeld and Kak (1982).

f= (0"

Stathis STILIARIS, UoA 2022
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Original Phantom Traditional ART NR-ART + ALL

Matrix Dimension: N x N = 128x128
Number of Projections: NP = 36 in the angle range (0°...1809)

S. Angeli and E. Stiliaris: “An Accelerated Algebraic Reconstruction Technique based on the Newton-Raphson Scheme” IEEE NSS-MIC
(2009) 3382-3387
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Photographic Image Reconstruction!

Number of Projections NP = 72

Difference Matrix ART-NR Reconstructed
8 Iterations

Reconstruction quality in the case of a photographic image (128x128).
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COMPUTED (- REA

Ewova afovikng Topoypapiag (X-Ray CT): ‘Eva opatd kataypa KOTUANG OTIwG
TPOOGSLOPLlETAL PE TNV TPLOOLACTAT AVOKATOHOKEVT (O€ELA).

Stathis STILIARIS, UoA 2022
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COMPUTED R

Kapdiaxn ameikdvion SITANG eVEPYELAG LTELPOELSNG OAPwOT SUTANG EVEPYELAG
(Dual Source CT) pe ep@aveic (Dual Source CT), 6mov ameikovifetal
GTEVOOELS TV KEVTPLKOV AP TN pLOV. CUUTITW U OVPLKNG apBpitidag otov delkTn
Tou SeELOV XepLOV.
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