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- Comparison Study on Projection and Backprojection Methods for CT Simulation -
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Fg. 1 3 approaches for projection/backprojection; a) Pixel-
driven projection, b) Pixel-driven backprojection, ¢) Ray-
driven projection, d) Ray-driven backprojection, €) Distance-
driven projection, f) Distance-driven backprojection
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Fig. 2 Distance-driven approach for projection and back-
projection
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Fig. 3 Phantoms used in this numerical simulation;
a) Shepp-Logan Phantom, b) Square phantom
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Table 1 Parameters of the phantoms used in this numer-
ical simulation

X-offset | Y-offset Maj'or Mmlor Rotation
o) (o) axis | axis angle () Value
(cm) | (cm)
0.0 0.0 9.2 6.9 0.0 2.0
0.0 0,092 | 6,624 | 8.74 0.0 -0.98
1.1 0.0 1.1 3.1 -18.0 -0.02
-1.1 0.0 1.6 4.1 18.0 -0.02
Shepp-Logan 0.0 1.75 2.1 25 0.0 0,01
phantom 0.0 0.5 0.46 | 0.46 0.0 0.01
0.0 -0.5 0,46 0,46 0.0 0,01
0.4 -3.025 0.46 | 0.23 0.0 0.01
0.0 -3.03 0.23 0.23 0.0 0,01
0.3 -3.025 0.23 0,46 0.0 0,01
p;?;?zn 0.0 00 | 60 | 60 | 00 1
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Table 2 Parameters in this numerical simulation

I &zl % 1&

Fig. 4= AN HES FARE 23t 90 of|x 9]
@S YERdith o7]A] pixel-driven approach+= F-A|
= o] | Fez st FAY] TRt FEel i
1}9] ole|]WMEV} AU ray—driven approach®} dis
tance—driven approachol|Al+= 1153} olE|HET} A7

Al 2 R e YdE 85 E 5 QAL

=
2 FARE G4 olgsle] RSkt Qe Yare

9o oEdeiady] Yie] Atz geg
M= ofEHETL gl PR 9= ESSfoR dth
Fig. 5% O° ol Z}zke] whHloa JEAlst JAsS U
Eflict o{7]A| ray—driven approacholX+&= Fofd F
Hg He we ofEwes}l wash] HAT pixel-
driven approach®} distance—driven approachoj4] o]
ejg olelE=s} gl G4 5T 4t ok

3. ML 2 Z Hiw

Shepp—Logan WE-Z o]-8sto] Al 7px] ¥l w2
o5 AEFAL W gl whEA At Wwo] Z}2t Fig,
61} Fig, 7ol WeESIth HE GAlA ®9l= 94
LEZO| FEAEUT. Fig. 69 o3} & RAA
ray—driven approach’} 7} £Xx] k2 JARS HolFE
¢l pixel-driven approach®} distance—driven ap-
proachi= O] G vlwd & B3 & 71 9l
o}, FESE HHE A AL o|83t 79, distance—driven
approachE A|QJstal= Atz gido] FHo] =2 o5

< 2l & 4 ek

Phantom size 10x10 omf Radius of ROl 5.4 cm
Number of pixels of the phantom 512x512 Initial angle 0
Detector size 21.6 cm Number of view per rotation 720
Number of elements of the detector FBP filter Ram-Lak
Distance from source to center of the object . . .
. 50 cm Iterative reconstruction algorithm SART
(center of rotation)
Distance from source to center of the detector 50 cm Iteration 100
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Fig. 4 a) Projection images of square phantom, b) Profile at 6=0° ; (left: Pixel-driven approach, middle: Ray-

driven approach, right: Distance-driven approach)

Fig. 5 Backprojection images of square phantom at 6=0°; (a) Pixel-driven approach, b)
Ray-driven approach, c¢) Distance-driven approach)

. . . I .

Fg. 6 Fitered backprojection (FBP) images of Shepp-Logan Fig. 7 lterative reconstruction ( SART) images of Shepp-Logan
phantom; a) Reference, b) Pixel-driven approach, ¢) Ray- phantom; a) Reference, b) Pixel-driven approach, c) Ray-
driven approach, d) Distance-driven approach driven approach, d) Distance-driven approach
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Fig, 8 Projection images according to a number of de-
tector elements and image pixels using pixel-driven ap-
proach; (a),b),c): number of detector elements: 468,324,180,
d),e).f): number of image elements: 128,256,512)
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*Abstract

Comparison Study on Projection and Backprojection Methods for CT Simulation

Ohsung Oh - Seung Wook Lee

School of Mechanical Engineering, Pusan National University

Image reconstruction is one of the most important processes in CT (Computed tomography) technology.
For fast scanning and low dose to the objects, iterative reconstruction is becoming more and more
important, In the implementation of iterative reconstruction, projection and backprojection processes are
considered to be indispensable parts. However, many approaches for projection and backprojection may
result severe image artifacts due to their discrete characteristics and affects the reconstructed image quality.
Thus, new approaches for projection and backprojection are highly demanded these days. In this paper,
distance-driven approach was evaluated and compared with other conventional methods. The numerical
simulator was developed to make the phantoms, and projection and backprojection images were compared
using these approaches, As a result, it turned out that there are less artifacts during projection and back-
projection in parallel and fan beam geometry.

Key Words : System matrix, Projection, Backprojection, Reconstruction, Computed tomography
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