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ABSTRACT

The algebraic reconstruction technique is one of the reconstruction methods in CT and shows good image
quality against noise-dominant conditions. The number of iteration is one of the key factors determining the
execution time for the algebraic reconstruction technique. However, there are some rules for determining the
number of iterations that result in more than a few hundred iterations. Thus, the rules are difficult to apply in
practice. In this study, we proposed a method to determine the number of iterations for practical applications. The
reconstructed image quality shows slow convergence as the number of iterations increases. Image quality
€ < 0.001 was used to determine the optimal number of iteration. The Shepp-Logan head phantom was used to
obtain noise-free projection and projections with noise for 360, 720, and 1440 views were obtained using Geant4
Monte Carlo simulation that has the same geometry dimension as a clinic CT system. Images reconstructed by
around 10 iterations within the stop condition showed good quality. The method for determining the iteration
number is an efficient way of replacing the best image-quality-based method, which brings over a few hundred
iterations.

Keywords: Computed Tomography, Algebraic Reconstruction Technique, Iteration, Image Quality

g #AaAd 5 Ao
I INTRODUCTION WRATAEE ol ARE A GRAT
ol g ofol Al CT(computed tomography): =W Aoz oA APl a2y WA HS
As sty FRLsA AeHa ok sy A7 715" FIu R wGE e @
CT #AbE el we o) WAk J%e & W 94E 3] S)s) AR (forward projection)
uraly] WiEe] Z4MES Zolwa]l oFde] whd o 5 (back projection)= HHE 3 3}7] witol] H
AAre FES Y] st As) A Foleld gz FFE S AFo] FTFske] AT EH = Aol &
of FFATE Eol7] A U WAMAEE e g A= gde] vl w7 el A A
NPV Aol AETlel mehe o] nas A ARIE AWSE T Rlxke ubE Sl
o] Foo] Zsta ATAEE O G w N 3leE AeoR AAE ¢ e A 3 E
o Roo] atu o] odate EAo] AalH i 7 Sar AN, of[ds] E¥ AT FokR Holsl
_ - 78 HEEo )& 52 omE A
Fo) A%HE Rl feol te wgsge - 0TS AT VIS E T eost function)
=] - 5] 2~ = =]
C A TEASE AT ot Ze] Fod o o= ohE W SIFE sk vk 2y
2.3} iyl Ao IR
*}F":ﬂ' /%]1_8‘% E?l‘jr‘?i ZH_—I_L}B]% %_E’_H Q‘%o _—é‘_:ll]- 06131-“!"04 }\\j‘l‘hﬂ]' él\:l'q 3—7101] Uq’ﬂ' E]l'ﬁ g:]\T7]'
gepA = @iel ok elan ARRE = vk AlT
* Corresponding Author: Kwon Su Chon E-mail: kschon@cu.ac.kr Tel: +82-53-850-2521 141

Address: Hayang-ro 13-13 Hayang-eup, Gyeongsan-si, Gyeongbuk 38400, Republic of Korea



FRAEHL

<)

e

o
=

(stop rule)

g9l et AT
R BT

53

KeN
o =

Efficient Determination of Iteration Number for Algebraic Reconstruction Technique in CT

71wtz A3t dEfzith, #< Hansen

et al. S 5

Narol ar,

= 4]

o

N+

o = WAETAHEE RS T TP W G E R WRE % E
U] T o X o RV go ~ = s
2 R I oI e R & TEZET Zuu@
= o T W R o o TEALR T DM
™m0 ~ Ht o ~ o % oo ey D) o oo
q P TR TNEE S e w © o T R
= &P s A O i A S ST R )
= < B ©E ey Me _%;m& o L % = peR e gIT X
o b~ ,ﬂIDI g _!IﬁmE‘.ﬂE Nlu,ﬂ H - 7 _zrl .n_MO
Mﬂmﬁ BK @.MMM_. Maw,u Jl Mmoi ™ g X 0 z]fnxnﬁT = ,%\Dmﬁ7 ﬂmﬂﬂr\AT o ol
o o SEEYE _prlugee Fa T LT 0w
il e e T ¥ el gy La® e e e TP
E N iy X w_|_| ) l o ! ﬂﬂo
= ST = I o S A S R NN S
oS TR _pwew D T ed NE S o e S TR T s
_srum %Eﬂ% ﬂmﬁ?ﬂé%fri% B g X H R ol
— L —
®om RO o %TEAO G TS — oy _ ool o Ak W W _ 0
. ﬁﬁllo UOT Eumﬂog ~ H.TIJ|‘@|O dﬂ,_lr‘y' ~— D _ &,C
=0 T B oo O 2 of <o W e - BN oy o .
=) o ll AT ,‘W.H X ,ul X0 :.L \mwl mw.L E- ZI \IO_I () WZ: ot 0 o s PN \w._ q
X ATﬂu S o T L RANKN %_xq =AL R
sN B I WdwmwTR 4 NES g - s Fm® 0 ox L
T l%id;]qﬂ/x%%mﬂmﬂ X S
o H#M?%ﬁﬂ.maﬁnﬂﬁﬂﬂ%ﬁi I ﬂwﬂizmﬂmﬁl
R F o T W ST T PE R PP v T B0 go o
TN EWT R AR RTR T uE Hr R W e - TR o
TR R BW A o of W T T oy ~
7 T oy R A = DRl S A - S o
R i % o = Mo < % <
o= BN g F &) go ) oo W =)
B E WY R o R S Ty BT TS e
ﬂﬂniﬂliﬁﬂ% T Fo T - moo_eﬂﬂoef%ﬂm I
B2 o e T =W H ok K , z = o W B = S
H 7o - ~ = S iy ) B T ,;.1_1 W ON if s
— — OzT =) wox s L _ W B
XX A ™ A I T ERXE TN —
o NS ~ Al .o B K
o Li_.ﬂpu o op Z o O = T =t e oop BOUF Ay
Amumm_:ﬁmﬁﬂr < G RUAR %%ﬂ?%ﬂaﬁw o
0 i —_ ory N S A [~ T f
Sl E w5 o0 == — ol " = = e IS Wn B W N W
%Eﬂuﬂﬂu@owé = Boam X o Jm g g™z g T
we My TH o2 oSSBT T yE®X S 0y
o T 4 om W P T o, o R o M oE T g >
B ~ lbﬂ_ol = <7 o W << OCN_.OU‘WX Dn% = ng]
L TR o N g 0 < In - " mo W E T o= 5 —

B = X = A= [ = B E o 5 O s I
T = = > R E 4 g ™ o)/ IPNI
wn%%ﬂauMﬂﬁa oo O N Sm T Em T gop =S g

Ko~ . T 5 9
ﬂw&ﬂ@&. g W = A 4 o wo 2. T W Eg VF o I N
o I N - T ERC =~ N % g AW = -
N R SRR - R T oL 2N OR TR 3

(relaxation parameter)©] U}

-

142




"J. Korean Soc. Radiol., Vol. 17, No. 1, February 2023"

Table 1. Information of geometry and detector for CT
system used in Geant4 simulation

SDD 1085.6 mm
Geometry
SOD 596 mm
Bin angle 0.0543 degree
Beta 49.9487 degree
Detector
Pixel height 0.6 mm
Pixel width 1.0287 mm
Lo

\’/

Fig. 1. Geometry of a CT system generated by
Geant4. There are X-ray tube, bowtie filter, object,
and detector from top to bottom.
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(c) Image quality

Fig. 2. (a) Reconstructed image after 4 iterations and

(b) image quality of RSME and (c) image quality €

as a function of iterations for the Shepp-Logan head
phantom.

6}1:5 1 360, 720, 1,44070 9] 74
g5skelnh A5 =7t tE2A YAEE B
o S T T H o 1x10°, 3x10° 6x10°7H =
3}3I T}, Table 137} Fig. 1> Geantd©l]l AF&%¥ CTY
Abekal 22 et

143



Efficient Determination of Iteration Number for Algebraic Reconstruction Technique in CT

(a) Sinogram

(b) Reconstructed image

Fig. 3. (a) Sinogram and (b) reconstructed image for
360 views and with photon number of 1x10°.
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Fig. 4. (a) Image quality (¢) for photon number of
3x10° and (b) average absolute errors for photon
numbers of 3x10° and 6x10° with 360 views.
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(a) 3x10°

(b) 6x10°

Fig. 5. Reconstructed images with photons of (a)
3x10° and (b) 6x10° for 360 views.
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