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Abstract: Sparse angular computed tomography (CT) reconstruction is called sparse CT, and is widely
known as a kind of inverse problem. In this paper, sparse CT was formulated as two-objective optimiza-
tion problem and a new method based on the Gerchberg-Saxton algorithm (GS algorithm) and evolutionary
multi-criterion optimization (EMO) was proposed for this problem. In our method, original GA operators
considering the characteristics of Fourier spectrum was used to achieve high search ability. In order to
investigate the characteristics and effectiveness of the proposed method, some experiments based on compar-
isons with filtered back-projection (FBP) method and utilizing recursive spatially adaptive filtering (RSAF)
method were performed for two figure examples having different complexity. The results of this experiments
clarified that the proposed method can estimate more accurate solutions in the case of complex figure.
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Fig. 2 The principle of FBP method.
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Fig. 3 Flowchart of image reconstraction of sparse CT based
on EMO.
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A DRI AR/ N & 70 B ABR % e AR & L CHleo 72,
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F; = Rank + Y S(d) (5)
<P'>

S(d) = |R[*D (6)

pla) = P ™)

FRZBITB diF2 o0k~ Ny ¥ ViR RL
THY, S(d) FEEHRANCHES W CER SN 2H 2O =
TV ITBEBTHL. 22T, RSO L I2oh g
BHCAEDSHEINS 5 L9 S(d) x#%E L7,

LROTFNED S 5005 £ 912, BEERBEEKE DO~y
5 DS HARFEHEN I ARSI E NS K 9 AL A
o THY, BEM P L L TRIEENDOZEE 2 MED
BIRENLZEERD.

4.5 FHMBRBOETE
KL TIE EMO 7T X A2 BT 5 3 5 & 22
- 2R AR IO T B IS RO E /L TB Y,
Bk 4 FHEOFMBE A K EB T LICAKT A L T2
Hifmom b e L et L T b,
RIRETFHEIIBT %G8 A= 5 1, HEMICBIT A
BIEFEDOEHFMEE N TWD, 728 ZAITHZER/ T 32 x 32 px
DIMEETH B8, HEEOBD 7 —1) T2357 b 32 x 32px
FOBEEBBEBEEE LY, INDRINT A5 R D,
L2 L, EBIEEEOEE SN BM#ERb EEh v
L7z, EMO 7)VTY) AL TRODLNERFINT A =%
B (RIETEHAEIR) 134580 & BRI % o 72850 &
b,
DR CT TIRFEZeR, WM oMzl %17 & k45
CETHMBEIEZ15TH Y, KimIZBIT LMD L
TO X)W ZERIAEET 5.
(i) ZEZ=R L TYED 2 Wil (Outer Region) 2SEER]
TH5b.
T%bDE, Dow = {(z,y)|f(z,y) = 0,(z,y) € S}
H2ZONTWA, 72721, Doy (CS) (THAEHI L
T2 (GEEEEIE, ETRV 2 ODESESDHELST
KT LDTERWIMZEM).

(i) FEBO7 =) ZEHEOAE OB - ORFKE
MEERHITH 5.
Thabb, MZEMOBEMEEE Jps (C K), BO%E
% f(x,y) D7 =) T Fr(u,v) 35L&,

F ) ) .f b e JO Sy
Fobs(,u» I/) _ { f(u V) 1 (/// V) . b (8)
0, otherwise,
EFRBTAHIENTES.

LUF, BT G(u,v) I22WT, G(u,v) = Fops(u, v) for
(1, 1) € Jops DN I H, 2037 —) T4 % g(x,y) &
F L7206 OFHEiAEE I Z DOV TRT .

KIERTFETIE, EREICBT 2WIROFE L W iEIK
% Outer Region & L CRZZELTEY, Z® Outer Region
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BT %X (9) & LTERE L.

Eout (g) = Z

(z,y)€Dout

-1 Outer Region WICHFAT 2IEIROAFIE2F L T
w5,

F72, Dout [CBWTH pixel BB TIERWVW0, E
BB =L LT (10) 2k L7z,

Eimage(g) = Z

(z,9)& Dout

Outer Region 4t (MEDEAE L T\ 2 838) (2B W TIE
B2 5B 2 D, R AR A (11) & i
L7z

Epos(g) = >

(@,9)¢ Dout,Relg(2,)] <0

Hik$ 5 GS TN TY XLIZK BREEINT A—F (S
T) DHEIII LD, MEREDAEIINT BEE L LT
2 (12) & xE L7z,

l9(z,y)]- (9)

[Im[g(z, y)]|- (10)

[Relg(z, y)]|. (11)

Bag(G) = Y |Gbetor (1t V) = Gagrer (1, )| (12)
(nv)eK

KESCTIE, LFLo 4 FEEOFHMIEIE £ 4522 2 & 124
AEHE THWEIE L, TR 2 HiyR#ELiE s
LT CT x ERfb L7z, 2, e CT I
B DI RGAEAFEZ M & S22 0 2 DD ZEME NI
AL, ZNHIHED CFRMIIMZEM I & 1251 Tl X
ELERIIDOTHH. —F, HNEOWEIMZ L b %)
HOWHENEZE REES 2720 TE 272002 WHBE TR
7wk waaekb H 0, 2 HiyR#E{bEEE LT %
f1o7-.

fl - Eout(g) + Eimage(g) + Epos(g)7 (13)
f2 = Eain(G). (14)

5. HIEXEER

WRETLEOFEEHEET 5720, SMENRL L 28
HOMGII L CREERYIT- 72, EBRTIE, 3.1 8T
ffed L 72 FBP £, 3.3 B CfF# L 72 RSAF & D HERIC &
B BB L OEHERH OMEE, B XUV RSAF TH LN
FREMET— 7 & LTREFERICAVESGSIIOWTOR
BHHEIZ DWW T D MEEE 4T - 72,

HIOBMEER LY, REFE TR OMEER: %
P L 725D ST B S N TR OREEE I ) b B
I ChHIEDRERINTBY, KERICBOTORET
BT &0 15 5 N7 R A o gl 2 P i L 72
bOEHWTWS, 22 TIE, IREFEIIBIT A MBERED
SO R T GO 7T D 5 D DOFEERIT DOV T OMEERE
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(@) Phantom (b) watch

X9 2 MEOKHIG
Fig. 9 2 kinds of original images.

Outer region

N B :
3 :
XXX, o

§

(b) watch

(&) Phantom

10 R 256x256 px IZBIT A H{% & Outer Region DFXE
Fig. 10 Original objects and image of outer region about
256 %256 px.

Object region

BB LOGHICOWTIERE.,

(1) BFEFTFORAAMACOMEAEEE 2 P L 724G RICHE T
% 5Kt

(2) HFRGMEITT 5 FBP 3, RSAF, $EFHEOMEE
DIHY

(3) #FETHD 2 HWEBUEDHER IS 2 5547

(4) REFLEOWIAEETEN RSAF Of 2T —5 & L

TE IO

AR 2B 5 o0 dr

—~
ot
~

5.1 MREBEOER

L7z 2 o EBiii% 2 & 9 1R $. X 9 (a) @ Phan-
tom W R IXHEE DEAV/NS Wiz Ml WG ofl & LT
RH L, X 9(b) ® Watch BI{£I3BEH: 3 % pixel £ LD
HEEE DR E VOB EROB L LTIRA L. &
F{RIE V3 b 8bit (256 FYi 7 L — A7 —v), fRGREE
256 x 256 px B L U512 x 512px TH 5. 4 Outer Region
DR IPEDIFAEFEI E DR 1:1 £ b X )1
e L7272, MG 256 x 256 px 12813 % Outer Region
(3 38 pixels DY (K 10), 512 x 512 px TIIE 76 pixels
OHFE (K 11) & L7,

5.2 EERETE

RIEEECHEET % FBP i, RSAF, #ETH:0 3 0
9 b, RSAF, RETHED 2 FHEIIHRENT A — 5 OF%E
HEEND . AEIZBWT RSAF, IREFHOEROEZE
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Outer region

A\

(b) watch
11 fREEE 512x512 px ([ZB3 2 JE[H £ & Outer Region Di%7E

Fig. 11 Original objects and image of outer region about
512x512 px.

(@) Phantom

Object region

®1 REFEIBILRE ST A—
Table 1 Parameters of the proposed method.

Parameter name Value
Number of population 100
Crossover rate 1.00
Mutation rate 0.05
Terminal generation 100
Archive size 90
# iterations of GS algorithm 25
Number of trials 30

RS T 5.
5.2.1 RSAF OEBRHZT

RFEBTIX, RSAF 1B 5 KM E/ 8T A — & 13 5HI
& LT, http://www.cs.tut.fi/ foi/GCF-BM3D/IZ 8\ T
B ENTWAET Iy —Ya  IZBWTHERIRTWA
WEMHA L. FERE/ ST A—F D)L, KEREICD
W ERFAO FIRMETH 2 10 % %EL, 70 v
sy FUTREICRIHEN S TO Y 7 A4 Z12Don T,
HESBMECTH D Sx8px & L7z, 72721, 2 DOxt 4%
DAL, BHIE OB Watch H{IZOWTOARTT Y
YTV TORBRERGET A 20RO 7Oy 74 AT
H5H Ix1px DEFEITONVT H EBREIT- 72,

5.2.2 REFEDERRTE

EMO 7V T X 24 & L CEHER NSGA-II (Non-
dominated Sorting Genetic Algorithm IT) [16] & f#J{ L,
ZERIR BT, R TR L OREGRINTHEICIE, 2he
N 441 H, 442 H, 443 HTRL-TEZEEL 2.
BETHEICBIIRENTA—F —EEZR 1IIRT. &
B, £ 1 1O Mutation rate IR IRE IR L T2
RERZHTT HEAEEZRLTBY, # iterations of GS
algorithm 1% 1 M OJFFHERIZBIT S GS 7V T) X LD
M AERLTWA,

F7o, MIERGEICBIT AP0 e LTI, 256x256 px
BRI LCid 4, 8, 16, 32, 128 D 5 DDA ITD
WTERBZITV, 512x512px BifEI2x LTI 8, 32, 128
HIED 3 DDHEITOWTEREITo 72, 4 J710 (0°, 45°,
90°, 135°) DHEIBIT HEEEIEMOBI % B 12 1T/R§5.

*5 A HHO IR O BN 2B AR 13 (a)~ 4 13 (d) 12K
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IERNITZ L

><+

! x (pX)

’l : given ‘

-1

3
Y (px) (*2)

()276 -1, *)(%) *) (x—l,y-l)

12 BRSO A 2 — VI

Fig. 12 Image of given infomation.

(d) 32 lines. (e) 128 lines.

13 HEit
Fig. 13 Projection lines.

ZCTUE, EmiRE T —) DL, RIS T S
OB % B (BU7T— %), LS DERTIZO VT
FKAE LTHho72. 728 213 1 3895 256 pixels D IEFTED
E{EDWE, T 73T A — 5 $13 256 x 256 = 65,536 [HF%
HORMEIBOE T L 72 5.

5.3 FHEE%E

EN ifi%%?mhdvmﬁ % f eHeEmifg g R
) B EEEINCEHMIT 5 720, i L7 F g oA
aLfﬁaw IRY PSNR z @i L7z, AREBRTHIET
% PSNR (&Il &b PSNR EALETH Y, i
KE (X (16) © MAX) 1 3RAME (4037 L —2 77—
VD=8 255) THA.

M N

1 o e

MSE — MN;;{J”(W%Q(M)} : (15)
2

PSNR;=10-kgH)(¥ﬁ§§)). (16)

5.4 FEERIER
HRD 5 DOERICHATA2HEBLOERZIHI L IC

R
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14 Phantom WfR12351T 5 EFHE & T OFHHEED PSNR A,
B L OMEREE P ORI LA RAE A, Fem s, ko

1% ((a), (b))
Fig. 14 The individuals and its averaged one’s PSNR values
and the averaged individual, minimum and maximum

ones of evaluation value about Phantom image ((a),

(b))-

5.4.1 REFEORZEMHAOMEFE % FHE L =ERIC
BT 594

R L CIIRET R B AR 2 e LT, 7—
7 A TEAREE T ST O E BT T ZE R I BV TR
L7zbox vz, Zhug, FarERICBWTESEL T
RO IfREMSEO L OMEK L Y ER LR TH 57272
HTHA.

ST, FOZEEMEET A0, RETHORRI
FCDRREE & SEIAL U TR 72 35t & 15 & 7= e
E DB DO WTHEEZ 1T o 72, BMEREDT 256 %256 px D
Phantom Hif§ 2%/ 9 5 PSNR % X 14 12, [FKEIZ#E
JE25 256 %256 px @ Watch B IZ39 5 b D% X 15 (278
I WM 30 MATICBIARRE Ry F AF ¥ — PO
TRLTWAD, T2, EBOEEEL» S OMFEE LT,
4 J510), 32 I & OFRFAC X B LMA & BT O
M A R S i, ARl & 7 o 72RO FE 512D\ T HE
%47 >7z. Phnatom Hi{§IZBIT 2 HE %™ 14 (a), (b) IS,
Watch Bf£IZB 1 54 RZ K 15 (a), (b) I2RT.

WINDORD 6 b 55505 L 912, SFEL L 728K PSNR
fEIZZF DRI EENL EOMKL VS 2 ICERLTWY
L. TORRIE, AFREEE OIGEESE WA REIE O
SEFIZBWTHL D & %o TV A LI X BHSE Lo
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4 1 32
Projectisg line (Watch)

15 Watch Bi{§1Z51) 5 @I L 2 OFIEED PSNR 16, 5
X O RRE T OFFAG A R A, e fEk, PR o

% ((a), (b))
Fig. 15 The individuals and its averaged one’s PSNR values
and the averaged individual, minimum and maximum

ones of evaluation value about Watch image ((a), (b)).

B [18] LHMLTBY, 52 5N/2BRMIEHZ ) TldE
DIFZIELLHEET A ENTELRWVE W) AELRED
BEICE 2 b0 RIS, PHIC L BMED*x v >~
) TICEBMBELEELTWLLDEEbLNLY,
BOMERmOFFOHRERE L TR 2 & CTRAERICIE
LWHEEDT=DDF0D ) % BN LB HHEE TE 5 HE
BrRELTWALELDEEDLNS.,
FROEEZGEDINTE TOTNTOHGERIZB WV
T, BEBEEOFELOREITED Siz7-0, Dk, %
FHEORBMRIRE LTT — 7 4 7EEEEDOTXTEPY
b L7k z v 7z,
5.4.2 FHNRMBEICHT 5 FBP i, RSAF, REFE
DIER DD
WRETEORMUEXBRIALT 572012, BAFD FBP i,
RSAF & OHEFERICOWTELET L. LTF, M9 2R
L 72 Phantom W% & Watch Wi{§ = & 12 & 08 R % 4
Md5. B, RELDEICBIT2REFECET R
30 AT D 9 BV L 728k PSNR fEA I & 7% %
AT TORRTH 5.

Phantom E{%ICEAT 3 4k
Phantom Wi{&I12x) L TS NS TEORE & LT, 4
JEAS 256 x 256 px DAHFRD 9 6, FBP :0fFER %2 16 (a) ~
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(a) 4 lines. (b) 8 lines. (c) 16 lines.

(d) 32 lines.
16 Phantom [H{£IZ 9 % FBP #:05ER (FHEE
256 % 256 px)

Fig. 16 FBP method’s results about Phantom image
(resolution: 256256 px).

(e) 128 lines.

(a) 4 lines. (b) 8 lines. (c) 16 lines.

\ 4

(e) 128 lines.

s

(d) 32 lines.

17 Phantom B{£IZBI9 % RSAF Oftf (FHEZE | 256 x 256 px)
Fig. 17 RSAF’s results about Phantom image (resolution:
256X 256 px).

16 () 12, RSAF OFER AR 17 (a)~[ 17 (e) 12, %
FHEORERER 18 (a)~[X 18 (e) 12/ T,

Mz T, MBS 512x512px DFERD H 5, FBP 0
FEFAR 19 (a)~X 19 (c) 12, RSAF OfEF% X 20 (a)~
B 20 (c) 12, IRETFHLEOR R TR 21 (a)~P 21 (c) 12RT.

$72, | 2 IZMEIEDT 256 %256 px DRI T 5 &F
B0 PSNRAEZ /R L, ]| 3 IAEEDT 512x512 px D[Hi{§
IZBI9 2 K FHE0 PSNRIEZRT. &b, £HICBITAK
FE3FED) EREDHERTHL LKL TV 5.

FBP L L IR R F LM R L BT 5 L, 256x256 px,
512x512px FNZEND TR TOREIZE W TRET D
AL PICENEREZRLTWSE I D504, FBP i
TIRKBEROMEEZ B ITH TV Wz, ZOREEH»
SIRFEFEIIBIT B RIBHEHROHEED, P LML 1F
MAHERE L 2 W AICHRIEL CHEETET WA 2 LD%%)
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(a) 4 lines. (b) 8 lines. (c) 16 lines.

(d) 32 lines. (e) 128 lines.
18 Phantom WfRIZBF A IERTHEOMA (G
256 X 256 px)

Fig. 18 Proposed method’s results about Phantom image
(resolution: 256 %256 px).

(a) 8 lines. (b) 32 lines.

(c) 128 lines.

19 Phantom Eif£I123 % FBP FEO#H
512x512 px)

(IR150

Fig. 19 FBP method’s results about Phantom image
(resolution: 512x512 px).

VANV
F 72, 256x256 px (29 % RSAF & OIL#RTlE, 128 J7
MOFEZIFIETHNIWMFLE L S ICHEBIRICE DO TE
WHEREDPREONTWD Z 290D, £ 2 @128 Klajd
PSNR fii & % LIREFHLEDIE) BPEN TV DL Z L H95Dh
b, F7, WMFP ’%’i’@ﬁ%t@?ti%ﬂb%h&w%w
RO I WA 2BV TIE RSAF O 505N
f:,u%%mbfwé_k#ﬁ\# Z i, RSAF 2B
LELRWGBIEA DAL LTHBEENR TS Ty ¥
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(a) 8 lines. (b) 32 lines.

(c) 128 lines.

20 Phantom Ef£IZE$ % RSAF OfE%: (BMERE © 512x512 px)
Fig. 20 RSAF’s results about Phantom image (resolution:
512x512 px).

(a) 8 lines. (b) 32 lines.

(c) 128 lines.

21 Phantom BE{ZIZEAT 2 RETHOMER (REHE -
512x512 px)

Fig. 21 Proposed method’s results about Phantom image
(resolution: 512x512 px).

% F V SES AR BRI L CAETH B0
ERbND. IhUE, 512x512px 2B B GRS FAED
TE A FEATAL S .

INLOMEMIZEDWmGEE DFRAETHLHE 2 IR
PSNR A5 b 35 A Z LS TE, FBP i3 fbo 2 F
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% 2 Phantom [if§® PSNR 8 (% © 256 x 256 px)
Table 2 Phantom image’s PSNR values (resolution:

256 X256 px).
Number of projection | Method PSNRI[dB]
4| FBP 12.589
RSAF (block size: 8) 18.696
Proposed method 17.809
Proposed method
using RSAF’s result 18.632
8 | FBP 13.891
RSAF (block size: 8) 21.073
Proposed method 18.208
Proposed method
using RSAF’s result 18.777
16 | FBP 14.082
RSAF (block size: 8) 24.109
Proposed method 19.676
Proposed method
using RSAF’s result 19.757
32| FBP 15.663
RSAF (block size: 8) 24.215
Proposed method 23.306
Proposed method
using RSAF’s result 23.350
128 | FBP 10.535
RSAF (block size: 8) 25.0143
Proposed method 26.979

% 3 Phantom if§® PSNR 8 (FEEE © 512x512 px)
Table 3 Phantom image’s PSNR values (resolution:

512x512 px).
Number of projection | Method PSNR
8 | FBP 8.443
RSAF (block size: 8) | 19.478
Proposed method 18.762
32 | FBP 8.819
RSAF (block size: 8) | 23.792
Proposed method 22.210
128 | FBP 9.458
RSAF (block size: 8) | 28.229
Proposed method 27.257

HICHARKE L > TWDE—T5, RSAF IZIRETHEIHAR
AN B EEZ R L TWA Z D0 h b, FiZ, 8K
M, 16 HIOBEIZB W TITIRETEIS LTS 2@

W7 PSNREZ/RLTWA Z L9005,

Watch BEHR(CEIT 2 547

Watch B2 250 & LT, MEED 256x256 px
DFERD ) B, FBP HEOKER 2 22 (a)~M 22(e) 12,
RSAF 710y 744 AH 8 DiERZE 23 (a)~1X 23 (e)
12, RRAF O 710y 7 A4 X051 OFfEFRE2K 24 (a)~
24 () 12, FFLOFHREE 25 (a)~11 25 (e) IIRT.
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(a) 4 lines. (b) 8 lines. (c) 16 lines.

(d) 32 lines. (e) 128 lines.

22 Watch [i{£I25 3 % FBP EOfES (FMEREE | 256 X256 px)

Fig. 22 FBP method’s results about Watch image (resolution:
256x256 px).

(a) 4 lines. (b) 8 lines. (c) 16 lines.

(d) 32 lines. (e) 128 lines.

23 Watch EIf£I2B9 % RSAF O#FR (70 v 7494 X!
8x8px, MHEEE | 256 %256 px)
Fig. 283 RSAF’s results about Watch image (block size:
8% 8 px, resolution: 256x256 px).

(a) 8 lines.

(b) 32 lines. (c) 128 lines.

24 Watch Wf£IZB$ % RSAF OFFR (70 749 ( X :
Ix1px, MREIE 1 256X 256 px)
Fig. 24 RSAF’s results about Watch image (block size:
1x1 px, resolution: 256x256 px).

N2 CIEGEEDS 512X 512 px DFERD 9 5, FBP O
FARK 26 (a)~X 26(c) |2, RSAF ® 70y 744 X758
DR Z B 27 ()~ 27 (c) 12, RSAF O 71y 74 A
AH51 OFERER 28 (a)~ X 28 (¢) 12, ETFLOM R
29 (a)~[X 29 (c) IZ/R” 7.
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(a) 4 lines. (b) 8 lines. (c) 16 lines.

(d) 32 lines.

25 Watch B{§IZBI§ 23R BT HOR (FEEE | 256 %256 px)
Fig. 25 Proposed method’s results about Watch image
(resolution: 256%256 px).

(e) 128 lines.

(a) 8 lines. (b) 32 lines.

(c) 128 lines.

26 Watch Hif£|2B9 % FBP LK (SR © 512x512 px)
Fig. 26 FBP method’s results about Watch image (resolution:
512x512 px).

T 72, R 4RI DT 256 %256 px IZBT B & FHED
PSNR /R L, 3+’ 5 IZREEEAT 512x512px ICBIT 5 %
FH:O PSNR i Z /R T . FROBFEFHICET 2 5HIX
FEBEAT 7230 ATD ) B, HIMEEZIRL TV 5.

Phantom Hif$ D% 4 & Ak, FBP ORI 2 F
HICHRTRKE LS > TWAE T EPHEEHEES X O PSNR
A SFHAMS ZEHNTEL.

—7J, RSAF LIRETFHOILETIE, MERE 256 %256 px
IZDWTIZ 128 O EZRE TRTOLEOMIE B &
O PSNR EIZ BV TREFLEO VPRI 2FERZRL T
WBZEDGhDE. 2L, RSAF (2B 2 HEE M E T —
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(a) 8 lines.

(c) 128 lines.

27 Watch WI{£I2B9 % RSAF OfEHR (7m v 74914 X
16x16 px, f#EE © 512x512px)
Fig. 27 RSAF’s results about Watch image (block size:
16 x16 px, resolution: 512x512 px).

(a) 8 lines. (b) 32 lines.

(c) 128 lines.

28 Watch W{£ICBF % RSAF DR (70y 744 X :
1x1px, & 512x512px)
Fig. 28 RSAF’s results about Watch image (block size:
1x1 px, resolution:512x512 px).

HBRY)ORENTZLI I GoTWELEDTH Y, WELelk
/AN (Toy 7)) L LTIRVIESIBIEEZT) Ta Y
RyF U TEICEDEETHDL, TUy Iy T TET
&, AxFBD L) ICHERET 5 pixel DMENKRE SRR D

57



1EERALIE

(a) 8 lines.

RimXEs HEEETIMEEICH Vol.8 No.l

(b) 32 lines.

29 Watch

+£ 4 Watch mf%12

(c) 128 lines.

MR 2 IREFHLEOME (MR © 512x512px)
Fig. 29 Proposed method’s results about Watch image
(resolution: 512x512 px).

B9 % PSNR il ({51 © 256 x 256 px)
Table 4 Watch image’s PSNR values (resolution: 256 X256 px).

Number of projection | Method PSNR
4 | FBP 8.629
RSAF (block size: 8) 12.925
Proposed method 14.001
Proposed method
using RSAF’s result 14.006
8 | FBP 8.853
RSAF (block size: 1) 11.005
RSAF (block size: 8) 13.241
Proposed method 13.285
Proposed method
using RSAF’s result 13.653
16 | FBP 9.001
RSAF (block size: 8) 14.226
Proposed method 14.462
Proposed method
using RSAF’s result 14.622
32 | FBP 9.450
RSAF (block size: 1) 11.384
RSAF (block size: 8) 15.983
Proposed method 16.937
Proposed method
using RSAF’s result 16.953
128 | FBP 10.535
RSAF (block size: 1) 18.733
RSAF (block size: 8) | 22.061
Proposed method 21.256
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% 5 Watch B2 § % PSNRH (REE © 512x512 px)
Table 5 Watch image’s PSNR values (resolution: 512x512 px).
Number of projection | Method PSNR|[dB]

8 | FBP 6.511
RSAF (block size: 1) 11.383
RSAF (block size: 8) 13.241
Proposed method 13.667

32 | FBP 7.388
RSAF (block size: 1) 12.807
RSAF (block size: 8) 15.983
Proposed method 16.2008
128 | FBP 8.618
RSAF (block size: 1) 15.829
RSAF (block size: 8) 20.543
Proposed method 20.3493

X9 BHEMER TR L TRIE L CHEE R AT ) S &% L
W7z, 1pixel T &I L THEE T 2 IRETF DO H &
NlERzRLEZb D EEDNS.

FRIGTE 512512 px DFHERDOFER D S b [ O M ATH,
SNBH, fRGIE 256x256 px & [FEEIC 128 JF I DFHIZ
L ARERIIIRETEO VL > TWAE I EDSh b, ZD
ZERS, BMEEEICH D 5HF 128 JTIH & v ) BRENTE A

SREGAETIER 2 HAMLTORE I ZREFEOH
WERE R IRE D LD B

F72, RSAF 12X 570y 744 XZ2onTiE, 4 X
RO Ix1px ISRRE L7729 2 T8, 32, 128 D
IBIFAH PSNRAEZ R 5 LREFEICH L Z LTz, B
FHICE B T0y 7% A4 XOFR L) ERLHERL T
WL EWGD. TOTEND S BRI T 1 pixel &
EOBEFRIIREFTEVARTH L I L2V 0), MM
BoENEREEZRE TS, # LT, Phantom H{£[FER
128 1S & B LB OIS & 545 RITFE EI{GI10
FEREGDLZEDNFETH - 7.

5.4.3 REFED 2 BEMEBEOHEZICET 30

Phantom E[{£® 4 A0 L 5 BE KO ERK
3 30 [IRT. BEM O 50 AL E L CTidikiEs b v
ZHA0MATH o THHROPFTIILHEI AL TNE T
EWGDBD, FOPERM A, SIFE 10 LT 12, LR
MIELS IR & SN B EEEED & H BB O/ ME~N 2> o T
WBZEWGH,E. Tz, AN LHEATH PR T
Bl —EDSIREE AR L R EEEIHEA TS
ZEBGNDH. TOTEDLRBETHITEOMMEE
2B EBMIPEAH L, HoFOMAEET 1 SIS 2 2
& b D HIANEREATH) L2005

5.5 REFEDOMEEAFEN RSAF OfEREET -2 &

LTETE DT
RSAF S RETHEOBMOEL ) #FH L, RSAF T
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Fig. 30 The transitions of objective values.

LM RETEOMMER FHr—%) L LT
FIH L7238 DOMFNZDWT, FREEDT 256 %256 px D&
Wif%, 4, 8, 16, 32 Fw HIAIZ I GITHEEZ 1T o 72,
TOMT— 7 B LSMEEO 5 LT, 2 MEOFEEIC
L CEBREIT- 72, ENEFNOWEIZT 5 PSNR M
w2, FKA4IRT.

CNOLDRERLY, TRTOBEIIBVTHLTITIED
55 DODMOEMNIAELTnE D tﬁm&ﬂhé._@_
EMS, BHEEMICTH RSAF 12X DHEE L2 THHEIRET
‘?f A A Z &L, MOBAEICRIENTH D L300

. —7J7, Phantom EZD#ERTH 53 2 Tid, RSAF
T%%ht%%@@%%%@%tLfﬂﬁtfwétéﬁ
»H 5T, RSAF HARL ) W PSNREL o T b 2
EDGH A, TORRL, T -5 PRETFHEICL DHER
WKEDWEESNTVLZE2/RLTBY, REFEIIBY
TR I L 72 2 B e L TiioTWwab 2

IERLTWS EEbh s,

- >
—

5.6 FBP X, RSAF, REFEDEHARFEICET 3201
FBP #:, RSAF, JRETEICBI S 3 I LT
RAAYS, 32, 128 A0 3 FFH O FEERET I 2 5l

© 2015 Information Processing Society of Japan

45-61 (Mar. 2015)

# 6 Phantom

R IZBE S B RHIEEH (B2 | 256 x 256 px)

Table 6 Phantom image’s processor time (resolution:

256256 px).

Number of | Method Processor time[min)]
projection

8 | FBP 0.63

RSAF 48.40

Proposed method 211.05

32 | FBP 2.28

RSAF 48.29

Proposed method 224.73

128 | FBP 8.72

RSAF 58.50

Proposed method 209.44

F 7 Watch BI{ZIZE S 2 FHAREH (BGEE © 256 x 256 px)

Table 7 Watch image’s processor time (resolution:
256 X256 px).

Number of | Method Processor time[min]
projection

8 | FBP 0.62

RSAF (block size: 1) 17.98

RSAF (block size: 8) 50.86

Proposed method 272.28

32 | FBP 2.30

RSAF (block size: 1) 18.07

RSAF (block size: 8) 57.03

Proposed method 252.13

128 | FBP 8.98

RSAF (block size: 1) 18.20

RSAF (block size: 8) 72.13

Proposed method 240.12

L7z, MREEEDS 256x256 px C& % Phantom {4 o &1l

H%FEE%% 6)

Watch B[22\ T

TIIR 7 ITRL, xR

1475 512x512 px T % Phantom W% DOFHIEEH = 5% 8,

Watch H[{£ 2D\ T

3R 9 1R, &b, RETFIHEL

TIE 30 AT PIRHERB 2B L T\w5b. $72, Watch

ERICE LTI, 70y 794 X2 1x1px

e e 5.

(B9 % EHI

AL TIE, FBP 8 L REFHEOMMEEERIIFHE
&L L T Intel(R) Xeon(R) CPU E5-2670 v2 @2.50 GHz,

WMAEY) 30GB DO~y #FHL, RSAF 12

B L Tld In-

tel(R) Core(TM)2 Duo CPU E8500 @3.16 GHz, #& A E ")

¥iZ4GB O~ v EFIH L7,
F6~F 9 DWTNOEDNS LIEE S MHA BT 513
EEHEREHNEEEMT 5 2 L h o 72,

F72RSAF Z7 0y 794 X&{/AD Ix1px 12
FHIIRE R 2559 3 Rl < EdAb E B A3,

R
N (M-S = RS

*6 RSAF 22V T~ ¥ VB R 2 2 B, http://www.cs.tut.
fi/~foi/GCF-BM3D/I2 BV CRAT SN TWAET 7 r—3 3 v
7% 32Bit OS BHi FOADMIETH - 72720 TH 5.
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% 8 Phantom Mf$ICRT 2 5HIER (%R © 512x512 px)

e

Table 8 Phantom image’s processor time (resolution:

512x512 px).
Number of | Method Processor time[min|
projection
8 | FBP 4.92
RSAF 217.96
Proposed method 879.63
32 | FBP 18.05
RSAF 237.78
Proposed method 877.30
128 | FBP 68.20
RSAF 294.81
Proposed method 904.63

R 9 Watch BI{ZIZEIS 2FHAKER (BGEE 1 512x512 px)

Table 9 Watch image’s processor time (resolution:

512x512 px).
Number of | Method Processor time[min)]
projection
8 | FBP 5.05
RSAF (block size: 1) 74.09
RSAF (block size: 8) 207.57
Proposed method 868.88
32 | FBP 17.20
RSAF (block size: 1) 74.37
RSAF (block size: 8) 218.19
Proposed method 891.07
128 | FBP 69.45
RSAF (block size: 1) 75.07
RSAF (block size: 8) 294.99
Proposed method 952.34

DFEZ DD 2 EEDBERIC L B b DEFEZ LN S,
6. &

K SLTIEIAEEE CT Iox L, ELM% B it
F: (Evolutionary Multi-criterion Optimization, EMO)
&GS 7T XL (Gerchberg-Saxton algorithm) %
HE bR G EORE R T o7, 72,
EMO THW 5 M5 B HGRZIERIEIC D W T S AKRTED S
WEEZER LA DEEELTBY, PR CT I
L CRE L EEOMER % SR NICERT A2 L2 HD
L7

2 MBHD MR CE e 2 FiHO 570 2 M o %
TG TR ER AT > 7245 F, DTOFMEHS T
HZENTE.

o RETHIZIBWTE S NEB OB & %
AR T A 2 & T, 155 NN Lo B %
IR

o MEFILIIBVTRGES ML TCOBELEL S
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B L 70y 734 X EF/NILEBEIZOWTOER
FRND, BYOR SN REIIRHSND b DD HHIZ
Ty YA X /NS LzE LT O MREIZEALT 5720
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REERL Y, 512 x 512px DHFAIZBWTH 15 HR 0F
RRHEPLETHL ZEPWHL 2 LR, 4% E
GOTIRETHEOEELIIOWT ORI 2D v EE 2
TWwb., F7, EMREESNLEEHRISHRNE D A3
T AEENOMIENEEIL b EEZLLNL 20D, 0
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