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ABSTRACT

Computed tomography has widely been used to diagnose patient disease, and patient dose also increase rapidly.
To reduce the patient dose by CT, various techniques have been applied. The iterative reconstruction is used in
view of image reconstruction. Image quality of the reconstructed section image through algebraic reconstruction
technique, one of iterative reconstruction methods, was examined by the normalized root mean square error. The
computer program was written with the Visual C++ under the parallel beam geometry, Shepp-Logan head
phantom of 512 x 512 size, projections of 360, and detector-pixels of 1,024. The forward and backward
projection was realized by Joseph method. The minimum NRMS of 0.108 was obtained after 10 iterations in the
regularization parameter of 0.09-0.12, and the optimum image was obtained after 8 and 6 iterations for 0.1% and
0.2% noise. Variation of optimum value of the regularization parameter was observed according to the phantom
used. If the ART was used in the reconstruction, the optimal value of the regularization parameter should be
found in the case-by-case. By finding the optimal regularization parameter in the algebraic reconstruction

technique, the reconstruction time can be reduced.

Keywords: Computed Tomography, Algebraic Reconstruction Technique, Regularization Parameter

I. INTRODUCTION

AR EG(CT)E Ao i G5 Alwst
7] wiaell W kel v EapA ol o] 2] g o]
T2 el Al CT AAPE F 18k ol o1 A aL 3l
o CToM = Anidzat AE717F sl @&
THOE 360° 3| AN B o] £ e o
T o] £ GdE ArAdse] du 9de 2
Sk dnk o s g Aol BERAF

3]

-

% H(Filtered Back Projection)©] = AMg-¥ T},

79 gage] Ak B
A

].o E_o]_;‘(_]_x;]_ %/\]-

2 o
o

o2

Pah= 5k 1,0007] Wele] T
]

&
s
X,

ot
rlo

e

r]I

g

o2

2

=

o)

-

=

=

o

ox

o

Y
=

Zol7] SalA T
59 3 % shrh @l

Zolth, gAF WA}

[e) [e]

91 #H&(Noise)o] 7ol o= Qs A=
O FAe] FHo] AstE= o] ) o] g
GRS st Aal el e Aol S
A7dst=d e oo Hole v A4
(Iterative Reconstruction) W'Ho] o] A&
oh B ke At Wl Sx) 9E HE A &
= §-Fekal E4E Holvt Al AlTte]

oo
X

©

2
£

o) BAThs DI g A A|7ES
Zol7] 94 of2] 717 we] o), W 35E

* Corresponding Author: Kwon Su Chon

E-mail: kschon@cu.ac.kr

Tel: +82-53-850-2521 619

Address: Daegu Catholic University, 13-13 Hayang-ro, Hayang-Eup, Gyeongsan-si, Gyeongbuk-do 38430, Republic of Korea



Influence of Regularization Parameter on Algebraic Reconstruction Technique

e HAAaA7IE B, Aarst 1 &H(Regularization

Parameter) S 7HA15h=1 3712] Whlo] 2 AE]
vk B A Barst el wE A E
Pt FHE 2T

3

1. §F

g

J

AT B

A F g E ATA 7 H(ART,
Algebraic Reconstruction Technique)oll 34wt AF
HET o] 7/|He J1AE %7] S wrE Ao g
o] E(Update) A HEZS & Zolrte=
Wolty, 4o A

o
e

fus

o] "t} A7IA f= G, pE F
28l a2 (System Matrix)2 WERH AL, G2 F7]
(N)7} 512 x 512¢] WjEE A2 T2 5 P

o A% Nol gtk 9% it Aze] £ g
_‘?-_

o
o
ox
=

rir
>

T7F 1,0247]©
o] Har Q1A i =
S5 Yehdth Eq. (D= 5= del= Aarst
0];(} 7\n7]- ﬁzﬂ-gx] oLx]u} oH./] o} x%;qo _/':eg_o_

4; = Zf g-”)wij (2)
j=1
= W59 (Forward Projection)S 2| w]ghc}, W&
AT = FRHoz AFEdy SHE g4
el Akel
(p;— Qi)wij 3)

7F @7l ol E k. fUlo]EE fsiA =
% (Back Projection)®] 3t whebA] HhE
T 7IHE ZEHoRE HAWEAY FEQo]
5 A fHeolE H= Aotk fHolE
F&sl= wWHol ujg} ART, SIRT(Simultaneous
Iterative Reconstructive Technique) 52 WHo 2 1}

Ao

1= 3

o7 Al 2=l i Ho] A}
M x No| #r} Shol A A5t o
o 22 AS A" g Aste] Fagh wEe
x 512) x (360 x 1,024) = 360
Gbytes7} H @3ttt = U439 wxe FHs 3
3tHA Eq. ()& T3] sire ZHRAY
Tl el vls @ Alzke]l AnlE iyt gl
th B o=RolMe FA ‘& ZHell el AAIZFo R
A28 B s Albels WS ARSI TH

l

AFH T2 3F

ARTE  AFEZ  Fdar] 94
Shepp-Logan 7% #EHPS AL&-3FGIT}. o]
1070 8] Bt o= T4 5o glof Eq. (D)ol YEL
pd #E olEHoz AA AN 5 9
Hel st

X 2 7732 Visual C++ (Visual Studio 2010)% 2}
e o Agdol] AREE FIFE AFYFS Table
1o Yep ek d7d<] ﬂﬂL 512 x 512, 9
3607, 74§7M A EE 11,0247 HEE

el = &3l
AHPES T 9Eo] "o g

<o —

o, 1o

T
Jo ¥ rlo &

=

680



PISSN : 1976-0620, eISSN : 2384-0633
"J. Korean Soc. Radiol., Vol. 11, No. 7, December 2017"

el Gaussian @ ENS] 29l &S ARESEAlaL, FF
-+ Shepp-Logan -7 #EHo| 7HA]= 7H w2
Drgh 2,00 the doigte = FAISAT
0.1%2] F29] 78 2.0 x (0.1 / 10002 E+HAH
B2 2t TRAIRES ojm] gtk

ATEE e TS et HEl ofet
2ol At AFH A FZ(NRMS, Normalized
Root Mean Square)!”! @ 2}& A}-8-3}91ch

NRMS = - “
\/ Z avq

A7|A 13 o

Z+z}
BFol AL, o Wi

Table 1. Specifications of the computer used

Components Specification Remarks

CPU Intel i7 X990 Hex-core

Clock Speed 3.47 GHz

Memory 16 GB

(ON) Windows 7
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Fig. 1. NRMS by changing regularization parameter
and number of iteration
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(b)
Fig. 3. Reconstructed image (a) after 10 iterations
and its error image (b).
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Fig. 4. Response of NRMS at given noise
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Fig. 5. Reconstructed image (a) and a profile at
position of y=255 pixels using ART at regularization
parameter of 0.1, noise of 0.2%, and 6 iterations
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Fig. 6. Phantom image (a) and ART image (b)
after 3 iterations, regularization parameter of 0.1,
and noise of 0.1%.
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Iv. DISCUSSION AND CONCLUSION
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