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“FATHERS” OF IMAGE RECONSTRUCTION (1917 TO 1970)

1. PekoHcTpyKkuusa Ha KT obpas

917 1937 1956 1963 1971 1979 N
Radon Kaczmarz Bracewell Cormack First CT Nobel prize
publishes publishes reconstructs publishes his scanner, for Cormack
mathematical what would an object by work on made by and
principles of  later be re- using scans radiological  Hounsfield, Hounsfield's
object discovered 1n all applications isusedina work on CT
reconstruction as the ART directions.  of object medical development
from unique  method reconstruction setting .
D'O‘IE‘th(Jn'S Tfom UHIQLQ Johan Radon Allan M. Cormack Godfrey Hounsfield

projections
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https://www.nobelprize.org/prizes/medicine/1979/hounsfield/lecture/




PekOoHCTpyupaHe — Bb3CTaHOBSIBAHE Ha CTPyKTypata Ha [OBYMEpeH OOeKT
(akcnanHo ceyeHue OT TPUMEPEH OOEKT) MO CbBKYMHOCT OT HEFOBU NPOEKLM

**Back projection
**lterative reconstructions
‘:‘Analytical methods
**Filtered back projection

\/ . . .
**Fourier filtering
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**Back projection method

- HaW-CTapusT METOM 3a PEKOHCTPYKLNS

- 1 B MNPON3BOJIHA TOYKa Ce npencrtaBda Karto cyma oT NMUHENHUTE UHTErpann
3ad BCUYKU JTbYU, NMpEeEMUHAlIN MNMpe3 ToOHKaTa

- TONleMNHaTa Ha curHana, CboTBETCTBaLL, Ha ONpeaeneH NUHeeH nHTerpan, ce
NpUCBOSIBA Ha BCUYKM TOYKKN, 0OpasyBaLLm nb4a

CT IMAGE FORMATION CT IMAGE FORMATION
ONE VIEW TWO VIEWS
X-RAY BEAM IMAGE
IMAGE
> — .
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@ ® — - =
II I Tiewso L e
View 90
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Data
: /// )’(11/1/1 yz rezeols




——{ Unfiltered Backprojection Example }—

e ® . - ’

1 brbn 2 4

2 Backwéi;::tions

L A

8 16 32

——

8 Backprojections Many Backprojections

- MHorosnbyeBa 3Be3ga
- 0bpa3bT Ha n3obpasdBaHaTa To4Ka € B LeHTbpa Ha 3Be3aaTa
- TbYMTE Ha 3Be3Jarta ca HacroXxeH doH, N3KpmBsiBaLL, obpasa @

ACIBADEM

CITYCLINIC | | ;
BOMHVLA TOKYA http://web.eecs.umich.edu/~dnoll/BME516 04/ctl.pdf




**Filtered back projection (FBP)

-duntpauymga npeau obparHaTa
npoekund cC uen enMMnuHMpaHe Ha
HeXxenaHu curHanu (QoH), NpUYNHEHU
OT “onallkuTe” Ha NpoeKkunnTe

k" Spatial Filter

-lNopxopdawa untbpHa QYHKUMA C

https.:// slideshare.net/ripjan/ct-1470963
Lenl MO.D.I/ICbI/IKaLI,I/Iﬂ Ha NpoeKkunnTe ps://www.slideshare.net/ripjan/c

Fikered back projection

4 projections 2 projectiiomns

B4 projactions

16 projections B projecons . 2
Prof = Rray {not filtered)

ACIBADEM
CITY CI_I N IC EFaPSCT Doy 23rd July 2002 - Bazic Prindples of CT Searring 18 ,

BOMHHLA TOKYIA http://www.impactscan.org/slides/xrayct/sld021.htm




\/ . . . . .
**Fourier filtering — Fourier reconstruction

-AHannUTN4YHNTE MeToamn ca basupaHn Ha Obp3n Pypue—npeobpasyBaHus, Ypes
KOUTO MacuBbT OT AaHHM ce TpaHcdopmmpa OT NPOCTpaHCTBEHA B YeCTOTHATa
obnacT, crnea KoeTo ce npunaraT CTbIKN Ha punTpupaHe, T.e. KOHBOSOUNS Ha
CUrHanute B matpuuara ¢ nogxoadauwa yHKUmMS.

-B 3aBucmmocT oOT u3bpaHma duntbp (KepHen) ce nonydaBar obpasn C
Pa3M4YHO HMBO Ha WYM W pasgenuTernHa CnocobHOCT cnopeq KIMHu4HaTta
3agava.
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J . .
*%* lterative reconstructions

> [Mopaan HyXaa OT peaykuus Ha pagnalmoHHaTa ao3a

> [Topagu Hy>xga oT nogobpeHa NpocTpaHCTBEHA U BpeMEBA pasdennTenHa
CNOCODOHOCT

» MHOXeCTBO  Ha Opon wuTepaumm c uUen no-gobpa oueHKka Ha
mMaTemaTuyeckuTe [loMnycKaHus, npunaraHu npwu ocTaHanute
PEKOHCTPYKLIMOHHN anropuTMn = reHepupaHe Ha obpas C MNO-HUCHK LLIYM

>OrpomeH obemM MacuB OT JaHHW — HapacTBaHe Ha WU3YUCIIUTESTHO-
TEXHOMOIMMYHOTO BPEME U NO-BUCOKN KOMMIOTbPHO-CUCTEMHU U3UCKBAHUS



Input IR loop

back
projection
compare
measured forward
raw data : X
projection
S

current
image

empty

initial image
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Beister, M., Kolditz, D., & Kalender, W. A. (2012). Iterative

Output

final image

reconstruction methods in X-ray CT. Physica

CITYCLINIC Medica. 28(2). 94-108.
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HTEpaTHEEH

NpozeogUTan MoguHa PenysUHA H3 A033Ta
PERGHCTRYHPELWL, AN PHTDM
23-76%
(Sagara et all., 2010,
ASIR [adaptive statistical iterative reconstruction) 2008 Yanagawa et all.,2012]
GE Healthcare
13-35% B CpasseHdne C ASIR
ASIR-V (model-based iterative reconstruction, VED) 2014 (Kwon et al., 2015; Kim et
al_, 2017)
_ o 20-75%
IRIS (image reconstruction in space) 20049 _
Clemens _ _ _ _ {Moscariello et al., 2011;
SAFIRE [sinogram affirmed terative reconstruction) 2010
) _ _ _ Winklehner et al., 2011)
ADMIRE [adaptive model iterative reconstruction) 2013
50-76%
Philips iDosa 2009 | (Funama et al, 2011; Habats
etal., 2012)
Toshiba AIDR-3D [adaptive iterative dose reduction) 2010 52% [Gervaise et al., 2012)

11



—mAg 650 CmAS-325

A. Noise 4.77 B. Noise 6.58 C. Noise 4.40
be3 ASIR c ASIR

CpaBHeHMe Ha aHTOMHU n3obpaxeHust 6e3 n ¢ n3non3BaHe Ha
nTepaTtuBeH pekoHCcTpyupaly anroputbmMm (ASIR)

®* [lonyyaBeHe Ha obpa3un C No-HUCKa Oo3a Npu 3anasBaHe Ha edHaKbB LUYM B
obpasa — ka4yecTtBo Ha obpasa (A u C). lNegmnaTpnyHmn naumeHTn?
ACIBADEM

C|TY C|_| NIC G.A. Vorona et all., The Use of Adaptive Statistical Iterative Reconstruction in Pediatric Head CT:
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Khawaja et all., Dose reduction in pediatric abdominal CT:
use of iterative reconstruction techniques across different
CT platforms. Pediatric_radiology. 45. 10.1007/s00247-
014-3235-2.




FBP Low Dose age-based+IR
ROI1: 32.3+ 4.1 HU; SNR 7.9 ROI1: 31.0 + 1.5 HU: SNR 20.7
ROI2: 26.8 £ 3.9 HU; SNR 6.9 ROI2: 25.0 + 1.5 HU: SNR 16.7

CNR 1.4 CNR 4.1
CTDl,, 28.7 mGy CTDl,, 22.8 MGy (21%),)

R.N. Southard et all..Comparison of Iterative Model Reconstruction versus Filtered Back-Projection in Pediatric

vol

ACIBADEM

C|TYCL|N|C Emergency Head CT: Dose, Image Quality and Image-Reconstruction Times, American Journal of Neuroradiolo
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2. Busyanusauusa Ha KT obpas

¢ llpo3opeyHa TexHUKA" — onpegerneHa
4yacT OT MbMHUA AMana3oH OT CTOMHOCTU
Ha KT 4yucnarta, Ha KOATO CbOTBETCTBAT
TOHOBE OT 64110 A0 YEePHO

* LlWwnpwuHa Ha npo3opeua (WW)
® LleHTbp Ha npo3opeua (WL)
® [No-NNbTHU CTPYKTYPU — CBETNN HIOAHCK

® [lo-HMCKO NABTHU — TBMHU HIOAHCH

ACIBADEM
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MATERIALS

WATER 0 ™

AIR -1000—
. LEVEL

WINDOWING  vacE
CTNUMBERS  GRAY SCALE
3095
BONE

—
— A
-~ |WIDTH

sort | M= LEVEL

TISSUE =

FAT _| ¥

—

—

,MDTH |3 ( f////'r(////;
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3agaBaHe Ha ,npo3opeL?

LleHTbpbT Ha npo3opeua ce u3bupa Oa € OKOoMo cpegHata MITbTHOCT Ha
opraHa, KOMTO ucCKaMe [Ja uacrnegBamMe, a LIMpUHATa Ha npo3opeua, KOATo
obo3Ha4aBa guanasoHa OT MNSTbTHOCTU Ce Nodesnid NopaBHO OT ABETE CTPaHU Ha
LEHTbPa Ha Npo3opeLla. = onpeaensTt ce gonHa/ropHa rpaHuua

All pixels with CT #’s >
40 +(200/2) = 140:
White

All pixels with CT #’s <
40 - (200/2) = -60:
Black

140

200 <

............. 40

16



KonkoTo no-teceH e npo3opeLbT, TONKOBa NO-BUAUMW CTaBaT rpaHuLNTe Mexay
CTPYKTYpUTE C Marka pasnuka B NTbTHOCTTA (MO3bYHA TbKaH)

LLUnpoknte npo3opun ce nanonsear B crydauTte, KoraTo nacrnegsaHarta TbKaH
MMa MHOMO rofieMn pasnuku B MABbTHOCTTA Ha CTPYKTYpUTE, KOUTO 4
narpaxkgat (benogpobHa TbKaH, KOCTHA TbKaH)

» As WW increases

e contrast decreases

e latitude (range of CT #’s imaged)
Increases

* As WW decreases
e contrast increases
e latitude decreases
* Clinical goal:

e LLargest available contrast at the

ACIBADEM latitude required by study
CITYCLINIC :

BOJTHULUA TOKYOA
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into the preferences tools panel
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Tit: 0.0
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Mag = 1.00
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FL:
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. MocT (06bpaboTtka) Ha KT obpa3

TakmBa TexHUKM (onepaumm) wunu npouecnm Ha obpabdboTka, KOUTO
NPOMEHAT obpas3a wunnm CbBKYNHOCTTAa OT o00pa3n C uen no-necHa
Bu3yanusauus Ha pgageH o6ekt unu gobuBaHe Ha AmarHOCTUYHA
nHdopmauus.

He ce nobusa/ckaHmnpa gonbiHUTENEH obpas

YcuneHo cbabprKaHue B 30HaTa Ha MHTepec

3aryba Ha LUsiNOCTHOTO ChabprKaHue

Cynpecust Ha LWyM UNu HexenaHa nHdopmaums B obpasa

19



ANl Anacomy il e bt B S S0 <L DdAsSICS

LT FIming Vascular [
in "All Anatomy" Basics ( Oncology
Head a :

{ _ Fast Reading

‘ Neck

AutoBone

on... [  Vessel Analys
[ | Orthopaedics [ lysis CardiQ
— Reformat 3D MIP
Chest Basic Protocols

3 Planes Fused s‘ b \ ~ AutoBone XPress...
Basic Protocols PET/CT Review f\r AutoBone XPress
Cardiac g : |
Abdomen

Spine

Upper Limbs

fower limbe AutoBone‘XPress 5 | Colon VCAR Cm:npare Bone/S...
e AutoBone XPress Advantage CTC Basic Protocols

‘ . o
L i 2 eaidell 4 s {thH
- General Registrat... o~

i e
' General Registrat.. \ | General Vessel A.. * ‘ Lung VCAR Multi ﬁ
= Registration / Rewv... " Vessel Analysis

{‘ Registration / Rev... Lesion Analysis

J i
Oncology Review

T/CT Follow .. <\ ‘ Pre-Stent Aorta ..
= MultiVol ET/CT Compare

Vessel Analysis
Protocol Page Layout

P
|Save protocol Order)

ACIBADEM  Orgenen moayn ot paboTHaTta cTaHuust kbM KT ypenGa
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OcHOBHM NocTnN pPoUECUNHI TEXHUKMN...

d MynTtunnaHapHu pekoHcTpykumun (MPR)

d Ray-tracing pekOHCTPYKLMK

MakcumaneH curHaneH nHteHsutet (MIP)

MuHuMarneH curHaneHn nHtenantet (MinlP)

J 3D n3obpassiaHe

[ToBbpxHOCTHO (Surface or Curved Rendering)

O6bemHo (Volume Rendering)

21



d MPR

- Cb3aBaHe Ha PEKOHCTPYKUMOHHM Oobpasn B pasnnyHu
paBHUHW OT NaKeT TpaHCcBep3anHu nocrenoBaTenHu
obpasu

- HaManeHa pasgenuTenHa cnocobHoCT

- coronal, sagittal , paraxial, oblique

ACIBADEM
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PedopmaT pekoHcTpyKumm (Reformatting)

-No3BoNn4dBar ornpeanesidHe, Jiokasimdaunda m Bmdyalsimdalld Ha CI'IeLI,I/ICbI/I‘-IHI/I
CTPYKTYp#u 1no oTtHoWweHne Ha apyru 3ao6|/||<an;|um ' 30HU

-ne3nn, ppakTypu, KOCTHM oparMeHTun (Yyxagn Tena)

-ka4yecTBO Ha obpasa (blurring)

-noAaTtnVBM  KbM ABUratenHu/amxatenHun aprtedakTtu, ocobeHo Korato
pecdopmaT obpasa e cbCcTaBeH OT MHOro NocrneaoBaTeriHi cpe3oBe
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O Ray-tracing projections

| Pulmonary nodules, vessels,
pulmonary arteries and veins.
| - m . Bile tree and pancreatic duct
ACIBADEM
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- PernoH Ha nHtepec (ROI)
- CtonHocTtn Ha HU

- CTaHgpaTHO OTKITOHEHME
- AHOTauusa Ha obpasa

- Xuctorpama aHanm3a

TR

. |iArea: 321.0 mm2
1 - [Finding 1 !jMin. Loy
{f{Max : 105 HU
Ylae: 529 HU

ACIBADEM RS )
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Dﬂ,OITbJ'IHI/ITeJ'IHa obpaboTka, aHann3 u U3MepBaHuUS

_‘

‘ Screen ﬂ§E I

~+ None
~ Partial
“ Full

~ Custom

ScreenAnnotation:

~ Smaller
Mag glass size: © Normal
~ Larger

Scale: ~ On @ Off

‘ auto cine: + On @ Off

Show key icon on images notflagged as key

Save automatically the key images PG
while exiting or loading a new patient i

Drag & drop a tool
into the preferences tools panel




200-

) Baseline
: L Histogram
G o
0 MU Distribution 90 180
200—
Follow Up (#1)
Histogram
0 HU Distribution 90 180
ACIBADEM
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d 2D / 3D nsobpaszsaBaHe

Surface (curved) rendering
Volume rendering

* W36op Ha npegBapuUTenHo
noabpaH npar (threshold) Ha
ctonHocTtuTe Ha KT yncna

e (CmbyetaHue c MIP

Clrved

Vessel 1 Angle:-13.0

DFOV130¢m

e EEeED 112020

AW 1356WL. Sod
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Volume Rendering No cut ExFeb 13 2020

DFOW 4.24 cm N1 /7 (S)

ACIBADEM
CITYCLINIC Sizemm) LR 145 AP171 15106

(T\V) 443 mm3

Standard: m=-681 M=20 Av=-243.0
W =1000 L =-700
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Surface rendering Volume rendering

[Mo-gocTbneH KoMnioTbpHU M3NUCKBaHNS
[No-neceH Bb3MOXHOCT 3a Bu3yanusauyug
BbTpeluHa penpeseHTaumsa Ha Ha BbTPELUHN CTPYKTYPHU

n3crieiBaHarta noBbpPXHOCT YPpeE3
N3roJi3BaHe Ha KOHTYpPa

Jluncea Bu3yanHa nHopmaums 3a
BbTPELLUHOCTTA Ha n3cnegsaHaTa
CTPYKTYypa 1Unn NoBbPXHUHA

SSD (Shaded Surface Display)
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BIIATOAAPA BU 3A BHUMAHUETO!
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