2 NMOVTLKEC XPoVvoAoyiec otnv €EAEN TNC YITOAOYLOTIKNAC
Topoypadiog

® 1924 - poBnuatikn Bswpla TopoypadLknc avakatookeunc dedopevwyv
(Johann Radon)

e 1930 - kAaooikn topoypadia (A. Vallebona)

® 1963 - Bewpntikn Baon tnc Y.T. (A. McLeod Cormack)

® 1971 - 1°S epmnopkoc aéovikoc topoypadoc — CT (Sir Godfrey Hounsfield)
® 1974 - 1°S CT 3nS yeveac

® 1979 - Nobel price (Cormack & Hounsfield)

e 1989 - CT povng Topng

® 1994 - dttoptkoc eAtkoeldng CT

® 2001 - 16-topwv eAkoedne CT

® 2007 - 320-topwvVv gAlkoeldne CT



AlEAsvuon kot Amoppodnon

Lambert-Beer law of attenuation
Homogeneous material:
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Non-homogeneous (more interesting) material: X-ray L

I =Igexp<{ — x)dx -
vow{~ [woe} 1 —foo

Rearrange to line integral form:

—lc}gi =/;1{3:)d3:

A tomographic scan:
» Measure I along many lines to get many line integral values
through the object from which to determine p(x).
» The intensity I is called the transmission, while the
corresponding — log(I /1) is called absorption or projection.

OMOLOYEVEC UALKO

AVOLLOLOYEVEG UALKO

OAOKARPWHO KATA KOG KOG YPOHLHG



AlEAsvuon kot Amoppodnon

Transmission vs absorption [, u(z)dz =
I|] = 10000 I Iqu —1Dg (I/In)

- 10000 1.0000 0.0

- 5000 0.5000 0.7

2500 0.2500 1.4

~ 1250 0.1250 2.1

- 625 0.0625 2.8




Topoypadikn Arnetkovion arno nPoBoAEC
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Kataypadovtal mTpoBoAec yUpw Ao TO AVILKELUEVO.

2TOXOC €(VOLL N OLVOKOTOOKEUT] TOU OVTLKELLEVOU ATTO TLG
nipoPoA&.

H o amAn yewpetpia eival avti tng 2D mapaAAnAng d€ounc.
H yewpetpia mapdAAnAng 6€o0UNC XPNOLLOTIOLELTAL OTOUC
Topoypadouc 1N kot 21S yeveadc.



Metaoxnpatiopoc Radon ywa yewpetpia moapaAAnAng
6E0UNG

The Radon transform for parallel-beam geometry
Object f(x,y):

» contained in disk of radius R

Line of integration L, , given by:

» ¢: angle of line to be projected onto

» p: position on line

Projection: All line integrals at one ¢:
ps(p) = / flz,y)ds for pe[—R,R].
L

¢:P

The Radon transform is:

Rf|(¢,p) = polp) = . f(x,y)ds
~R, R

for ¢ € [0°,180°] and p € [—-R,



JUO)XETLON peTAoXNMaTIopoU Radon kot e€acOevnong
EVTOONGC KOTA LNKOC YPOHMNC L
Connection Radon Transform and Lambert-Beer

The Radon transform

ps(p) = fz,y)ds
Le.p

and the Lambert-Beer law along the same line L, ,

Iy, = Igexp —/
L

are connected through the identifications

L

p(z, y)dS)

f(z,y) = p(z, y)

ps(p) = —log (I?_;)



Parametrizing lines in the plane

How to describe a line?
One way is by slope and y intercept. Vertical lines excluded.
Alternative: “normal form”:

Ly p={(z,y) | zcos¢ + ysing = p}

p 1s signed orthogonal distance of line to origin.
¢ is angle between positive z-axis and unit normal vector to Ly ,

y“ L‘.i’ﬁ

(CD:‘:':I;DJ

sin




Metaoxnpatiopoc Radon ywa yewpetpia moapaAAnAng
6Eong

Projections all around the object Image and sinogram

The Radctn tr:ansform dsj*scrllf}es the forward problem of how (ideal) The output of the Radon transform is called a sinogram:
X-ray projection data arises in a parallel-beam scan geometry.

0 degrees

Example image Sinogram

2
10 18 20
20 15
a0 . 40
40 1z 60
. . \
* 80
oE
ae 100
L 120
oz
140
o
20 4 ] Bl 100

50 100 150

Angle ¢

Position p

E B 3 B 8

g

Note that 180° captures all necessary projections of the object.
The other 180° are mirror images of the opposite projections.




OnwoBonpofoAn

Back-projection: Does it invert projection? (No)

=
Aol L



OnwoOompofoAn peta ano PplAtpapiopa Twv nPoBoAwv

Filter projections by “ramp” before back-projection

0 degrees




OnwoOompofoAn peta ano PplAtpapiopa Twv nPoBoAwv

ongmal image FBP i ma|e

projection

H o

sinogram filtered sinogram
Figure 8. Demonstration of the FBP algorithm.
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OmoOompoPoAn : Wevdeic stkovec - Artifacts

Melwpevoc aplOpoc npofoAwv Aoyw :
o Meilwong xpovou capwaong
o Melwong Twv EMUTTWOEWV Kivnong
o Meilwong tng doong otov acBevn




OnwoBOonpoPBoAn : Weubdeic swkovec - Artifacts

2 TATLOTLKOC BOpuBoc — avemnapkeic mAnpodopiec Aoyw :
o YynAoU ouvteleotn e€0.0OEVIONG KATIOLOU ULALKOU




OnwoBOonpoPBoAn : Weubdeic swkovec - Artifacts

2 TATLOTLKOC BOpuBoc — EANelPn MAnpodopLwv Aoyw :
0 METOAAKWYV QVTIKELUEVWV




OnwoBonpoPBoAn : Weudeic swkovec - Artifacts

©0opuPoc Aoyw kivnong kata tn AnYPn dedopevwy :
o Evtovn elomvevoTtikn Aettoupyla
o Kapdlakn Aettoupyia




OnwoBOonpoPBoAn : Weubdeic swkovec - Artifacts

* Mopise

= photon detection is a stochastic process
= lower noise level can be obtained by increasing the radiation dose, and/or the acquisition time.

- as demonstrated below, perception of structures depends on the contrast, size, and noise level:




Hounsfield units — HU — CT numbers

Me tn HEBOSO TNC UMOAOYLOTIKNG Topoypadiac umoloyiletal n xwplki O1-6ldoTaTn KATOVOUN TWV YPOLULKWV
ouvieAeotwyv €€aoBEvnong TG okTwoPoAiag X. 2TIC E€KOVEC UTIOAOYLOTLIKAG Topoypadiag n moootnta auth
avtikaOiotatol ano kabapo aplOuo (CT, ) oe povadec Hounsfield (HU), o onolo¢ umoAoyiletal OXETIKA WC TPOC TO

number

YPAUULKO cuvteAeotr) e€acBEvnoNG TOU VEPOU (U, qrer), TIAPEXOVTAG ETOL XAPTEG APBUWV CT oTwVv .

Histot — Rvepot

CT pumber = « 1000 = HU

ﬂvspm')

>tnVv KAlpaka Hounsfield, o ypapplkoc cuvieAeotng e€aoBevnong Tou vepoU €xeL TtV TN undev (0 HU), evw yla tov
atpoodalpltkdo agpa (r.x. kupeAibec mveuvpovwyv) eivat -1000 HU. Ta ootd, Adyw auénuevng amoppodnong,
xopaktnpilovtal anod vPnAég Tipeg, dnA. >2000 HU.

H a&lomoinon autol tou Suvaplkol EUPOUG OTNV AVAYVWON Kol EPUNVELD ELKOVOC UTTOAOYLOTLKAC Topoypadiacg, Aoyw
TWV TIEPLOPLOUWYV SLAKPLTLKAC LKavOTNTOC avtiBeonc tou mapatnpenth (60-80 tdvol Tou YKpL), cuvoSeVETAL ATTO TN XProN
aAyopiBpou peteneéepyaoiac ewovag Tumou napabupou (window-level processing). tnv TEXVIKA AUTH N TTOPAUETPOC L
kaBopilel tov CT aplOuo Tou KEVTIPOU Tou SuvapLkol eUpouc Kat n rapapetpo¢ W to elpog twv aplBuwv CT .



EUpoc Tipwv HU — Texvikn mapabupouv — Window
Technique

To gVpoC Twv TLHWV HU, Kol CUVETIWE TO EVPOC TWV TOVWYV TOU YKPL, TTIOU UTITOPEL Vo ameLlkovIoOel eival tavw
aro 2000. Ta monitor-oBovec Twv UTTOAOYLOTIKWY CUCTNMATWY UITOPOUV VO OITELKOVICOUV HOVO 256 TOVOoUC
Tou YKpL. Emtiong, to avBpwrivo patt pmopet va dtaxwplost €we 40-50 StadopeTikou g TOVOUC TOU YKPL. To
avOpwrivo patL Sev pmopet va dStadpopormnoiioet Stadopeg aviiBeong pikpotepec tou 10%, evw oL ocuyxpovol
CT pmopouv va amelkovioouv Stadopec HkpoTepeC Tou 1%. MNa Toug mopamavw AOYouc, EYLVE ATAPALTNTO
va oploBel pia texvikn mou Ba avtiotoel pio opdda HU oe €vav ouykekpLEVO TOVOo Tou YKpLl. To eUpoc NG
opadac avtng, 6nAadn o aplBpoc twv Oladopetikwv HU, kabopilel kat tov opBuod twv HU rmou
aVTLoTOLYOoUVTOaL 0€ KABE TOVO TOU YKPL.

Gray scale

Lewel

1
I -

oot oo oo oo oo o, <« Possible range of pixel values ——————»
Hounsfield scale FIGURE 4-3 Window width assigns the guantity of pixel
FIGURE 4-2 The display processor assigns a group of Hounsfield unit to each shade of gray. In this simplified values to the gray scale. Window level determines the center

illustration, 10 different shades are available to display the 300 Hounsfield units in the window width. pixel value in the gray scale.



EUpoc Tipwv HU — Texvikn mapabupouv — Window
Technique

EUpo¢ mapaB®lpov — Window Width - WW : O aptBuoc twv HU mou Ba amewkovioBoUv otn OUYKEKPLUEVN €Lkova. To
AoyLlopko amodidel tovoug tou ykpt otou¢ CTnumbers Tou guminTouv oto erheypévo evpoc. CTnumbers peyoAutepol
TOU €TUAEYUEVOU €UpOUC amelkoviloviol w¢ AoTpo (otnv KALHOKO TOU YKPL), EVW QUTOL HUE TIMEC ULKPOTEPEC TOU
OUYKEKPLUEVOU EUPOUC armeLkovilovtal wc papo.

Entinedo napabupov — Kévipo mapabupou - Window Level - Level

WL: H tiuq HU mou avtloTolXel 0TO KEVIPO TOU ETULAEYUEVOU 4
Suvaulkol elpou¢ TWwWV. To KEvVIpo Tou Tapabupou - J -
kKaBopiletal amno Tov Loto evoladEPOVTOC.
| b —E-ICIEI —EIEEI III:I 2..‘[:1} EI!H}
s Possible range of picel values =

I

FIGURE 4-7 Widening the window width will include a
wider range of values by placing more Hounsfield units into
each shade of gray.

1 I I
50 200 350

- Possible ranga of pixel valuas -
FIGURE 4-6 The software assigns shades of gray to CT
numbeers that fall within the range selected. All values higher

than the selected range (in the current example, 350) will
appear white, and any value lower than 50 will appear black.




EUpoc Tipwv HU — Texvikn mapabupouv — Window
Technique

EUpo¢ mapaBupov — Window Width - WW : O aptBuoc twv HU mou Ba amelkovicBoUv otn OUYKEKPLUEVN €lKOva. To
AOYLOHLKO artodidel Tovouc tou ykpt otou¢ CTnumbers mou gpmintouv oto emAeypevo eUpoc. CTnumbers peyoAutepol
TOU €TUAEYUEVOU €UpPOUC amelkoviovtol w¢ Aompo (otnv KApAKA TOU YKPL), EVW AUTOL HE TLUEC ULKPOTEPEC TOU

OUYKEKPLUEVOU EUPOUG aTeLlKovilovTol WG Lo po. TR
Bone Original Soft tissue
, , ) , . window scan window
Enineéo napabupou — Kevipo napabupou - Window Level - +850 +1000 Bone +240
WL: H tiug HU mou avtloTolel 0To KEVIPO TOU ETUAEYUEVOU
duvaulkol elpou¢ TWwV. To KEvIpo Tou Tapabupou
kaBopiletal amno tov LoTto evlladEpovtoc.
+150 —1000 Air -160
WW = 700 WW = 400

WL = 500 WL =40



EUpoc Tipwv HU — Texvikn mapabupouv — Window
Technique

EUpo¢ mapaBupov — Window Width - WW : O aptBuoc twv HU mou Ba amelkovicBoUv otn OUYKEKPLUEVN €lKOva. To
AOYLOHLKO artodidel Tovouc tou ykpt otou¢ CTnumbers mou gpmintouv oto emAeypevo eUpoc. CTnumbers peyoAutepol
TOU €TUAEYUEVOU €UpPOUC amelkoviovtol w¢ Aompo (otnv KApAKA TOU YKPL), EVW AUTOL HE TLUEC ULKPOTEPEC TOU

OUYKEKPLUEVOU EUPOUC armeLkovilovtal wc papo.
WINDOWING IMAGE
CT NUMBERS GRAY SCALE
V' ’ ' ' . 3095-
Enineéo napadupou — Kevipo napabupou - Window Level - BONE — |
WL: H tiug HU mou avtloTolel 0To KEVIPO TOU ETUAEYUEVOU L /—
Suvaplkou €UpouC TIUWV. To KEvIpo TOu TapaBupou — 4
I 14 14 14 — MDTH
kaBopileTal ano Tov LoTo evdLladEpPovVTOG. MATERIALS
SOFT LEVEL
TISSUE |
WATER 0 =
FAT | ¥
AIR -1000—
LEVEL | | || |(wibTH | | || Shpwawds




EUpoc Tipwv HU — Texvikn mapabupouv — Window

Technique
Small Window Width Large Window Width
1000 3000 1000 \
¢ Short gray scale ¢ Long gray scale
¢ Small block of CT ¢ Large block of CT #’s
— #’s assigned gray _ assigned gray levels
0 Window: 400 levels Window: =
Level: 0 0 2000 T ¢ Large transition zone of

¢ Small transition Level: 0 | white to black
zone of white to
black

-1000 EME -1000 e

-1000



EUpo¢ tTipwv HU — Texvikn mapa®upov — Window
Technique

(b) Soft tissues




