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An Algorithm for Improved Iterative
Image Reconstruction
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Abstract An Improved Iterative Reprojection Reconstruction (IIRR) from a view of in-
tegral equation for incomplete image reconstruction is presented in this paper. IIRR is
convergence under L? norm. The convergent velocity and the error of the reconstructed
image depend on the relaxed parameter, the detected data and some prior information on
image. The reconstructed image can be expressed in term of a series of image reconstructed
by the detected data. Numerical simulation also shows that IIRR is effective to image
reconstruction.

Key words Image reconstruction, Iterative algorithm, Incomplete data

15|F

CT AR BRI B EEE, ERLEEN BIr M mER, "1 B iRt
PR NMEMEGRFERS; PET JES PRV ERBEAXESIEIIDRZEEE, 28
ZXFEAR (AR R EMRENRA. HAr CT, PET SE#0WFREBEXT ARE

ErEE T BB,
FEHEL CT, PET SERARBBBRIT AL N

o(s,0) = Rf(L) = /L flz,y)di 1)

Het Rf FRMER f WELK L:xcos(d) +ysin(d) = s BBy, BHHRIEEIR f 4 Radon 2

#.
ERLEHE Qo ={(5,0):0£0<7,0<s< +oo} T, HERERY A EH

1.2003-12-31 ¥, 2004-04-09 2=
HEERBEESE (69931010) YEEHFRGE




%10 KM P EERERERE 1627

Fyf = FRf (2)

AEFIEIE f RER
f=F;'FRRf=F;'Fyg (3)

XH R Rf #7R¥EE Rf WiRmp—4E Fourier ZF#e, F, FREWR f B4 Fourier A5,
Fy' #RE1g f By =4 Fourier A8 #k,

FEEFER A EAERBGI R, Fad i T 2800 358 5 B f s U il B A7 89 A F A /T
HAERNBERER, ERRSBREEERY LR CT fflld, S4BT EBIS,W
BB S ERRAERMER R, AHREXER (1), SZAMIFFBELIR (eS8l /A B IRER
FHE) SRFERWES KRB RAE RO EREEE Q (UUEZ 2% QO —1F48, L
AXQAC.

HEMBFINARE2EIE O EEER f HRE, FRERTESIERGERRME. XE)8E
REIMTHBRE T A2 TN SR EREG P EEM™ENY /WA,

MAREPEIRERERNE, TEFRNERSMBITERE. X EEITRETERE.
ETRGERY A EHE, IR ERE R RS A4 TR IER RS, RFEM, B
FEAR R R B AT LUER e SRR R B R S8, BEENF BRMRF ke U
HEATSEEEEARREIE A B AE, HERTEREETEATEE %A LR 8
g (1 | —Fhey Papoulis fl Gerchberg 4> Bl Sr 2 H B BRARSME B R, Xt — 240 bR IR MUE (L
HERXBEEEA T, RHAERIMEE LB TENXIBEAEIE. EXRAEFELT, THEdk
REFURFEHZEREEGRaE 2%, ERFEEVIEEHRHE T, Papoulis-Gerchberg
wRIMEE SRR U,

Gerchberg 1 Saxton 3£ TEEGQZ A5 E SR B EES W . Gerchberg iEH
TELERE, BAMERXBELNTS Fourier ZBHMBIBIFL T, FTUE—FRIH Fourier IEZF
WA RELET, 5IABMRAERERESHTBIE, BIRHMELE Fourier ZHRBAE, FHM
Hip FIEA T TMAEREA T, REEERSTE. Xu Ml Chamzas FIHIRZ R /MENEMR
B AEAL, EXWEREKETF, 2RT B —MEGEREAEE B

Sanz 1 Huang %&#:F HAREER =R RE BLRAXERM b, 7E Fourier ZA#iAH 5
BE. BARESEALH —RKESTRE, BERERERT —FASMEE U8,

Peng 1 Stark £ "4 R EREGERMDF, BEGACRE Bl E X EHMARE
HEALR NS, WEENYERET, BB UMEE BEEZTHAREE
TFHER T, ZERORSHEN R’ A R O

ESARESFIEERGERRIE S, Virador &4t A PLARERMI%iHH PET AANL bR
PR THEIRBUFR T, AEMRIMER EMTT PET VEMADR BN, HERET PET
iEIRioL 2 I

EYENAZEEERGERRAES, ERBEAHIENE 1w,

BANKIAS S IE Bl
+ R BRI

2 AR T |

[ERaE = EREEK— GitE

B 1 Re4LBmEeERERMERE (IRR) EE



1628 B F 5 fF B % # %26 %

RECAEBMROMET LR, FERRPARITORGEEER 1Y, ERAXER
HEEAFENREE, BRKRSSREGTTRERRTE RN L, EXRNHFERE
IR BOE FMARE A B sl W) L

2 ERIMGERBERE A
MEHRH T EE, BERESAXTERMTER
f=Tf+fo (4)
AR Ry BT R IME R BB R AL (Tterative Reprojection Reconstruction, IRR)
FD =T5™ + fo (5)

R, HF fo = F; 'R[PRf], P B84 O WFERH, fo FHTERRUBEEEE
HERFFEEMER, Tf =F R - PR FHMEATER [ WEERSHET. WLE

4, IRR BEikfa THBEQ ST A B ERME U ERE SRR,

HF Fourier RWBAH T L? SERSERT, 8 (|Ffll = Ifll, ATUASIILERLSH
FToyL?EETI <1, BT ey kBT, XEBERR B RS RIER R SUEf R
EtE, FREESEEE LEMUS LS EBREA.

EELRBHSFERIMTEREGAE S, REFELERMABRGREFTHY, HER
FEREERRT, ERE R IR SRR v L K B A PR g s B2l K 16 — B R WA R ATt
WEE, THEEMERGERERE T, SHENSHNERIMIEREEBRG WM
EHE.

3 B IMEERERE
MR SERBAR TR RSMEEREGI TR (5), SIASH N, FrisysRIMERRE S

BTN
F=2Tf+ fo (6)

ASHME, RERSET AT WEFT, 3 L BH AT = A <1, KRR EATUMRIE
TR T, M EEERERA %

fOHD = 3TF™ + fo (7)
RACRBES. RATHERIE (7) HEERINETRE R (Inproved Tterative Re-

projection Reconstruction, IIRR) .

RYMFIA TIRR 482 (7). &
FOD — £ = A7) (f - plnmD) ®)
FHD — FO < AF = D) )
B <1, ATmEBEGREAFS] (™) Rikam.
ig fO = fo. MM URR %R (8), EMHIEBERFIINXRR:
FtD) _ p) = AT (O £ O = (AT g
FOrD O = (platD) _ plm)y 4o (f(0) _ plr=1)y oy (D g0y
= D)™ fo+ Q)M fo + -+ + (T) D fo (10)
FO) = QD) fo + AW fo +++- + OT) D fo + (A1) fo (11)



% 10 # HIkEE Yk ERERBANR 1629

REFEREG S TR i B A BSOS RE S RBOER; BT U RER

H
FOD =1 = D)™/l - (AT)) (12)

K I mESHET.

4 HERBLER

AP E EE XCT, B X HLRE N 450kev , MR TH4R RN B, S0
REEFCH 241, REB KN 0.5mm ; BAREEY 576 . TEBRBEHEN Q ={(s,0):5=
kids, ki = —120,---,120,ds = 0.5; 6 = kod, k2 = 0,1,---,575,d0 = n/576} . & 2(a) ¥
Fl e 2B HIE BRI (Convolution back projection) 752 iy I i A5T14 i b TET B 4R .
MR RILE L 35% MR EIE, WRATSBEHE O B 20b) ARz E2%
¥, EDERMNBEEIEEEAE, FIASBKSREER ARG KEIL LIRS, AT
BINXE AR AR S B AR  E ER RHFERBREREL: B 2(c)~ B 2(f) ZFHAR
T, EIMEETF A =098 i, it IIRR #HAAKRECH 1, 3, 9 1 27 i+ R A9 MR AR
DT TET AL AR 3K ST L P 4 B A S g T TR AR BT T P N /N B BE, T ELBE B R ARIK
A, B 2(a) PRIV R ARG, FLARBREZHTZSEW, FHEEEARREMINE
BEBBTRE.

() BB FHEZEG S O LB FHEREL O (o) IRR B 1 XTEREISG SO

(d) URR &AL 3 KR EZ /Y (e) IIRR EAL 9 EFHE B @ () IRR BAL2NKTE R R 7

B 2
KRzeBIEtER T IIRR EREEH. B 2) R4 MIET, B CBP BT
MR f 5 B 2(b) BIIBENLE S 35% REBEEW SR T, I CBP w:E Ay T (M mE
FO, E20) . 2(d)y. 2(e). 2(f) SrBINBENLEK 35% BBBIEHR T, IIRR %A 1K,
3. 9WH 27T WSFTBR THNEER FO . O O 1 O,

RELERYH, IIRR HEXFHEERE A ZEHESEWERER G, REEGRE
RER®.



1630 R F 5 & B % # 526 %

5 itig
MR LR R R BRI (RR) 497, S HRAEIEHIET IRR J5U

HEHREEARRIEN EE, AXNRITEAFERE, SINSEETHE -FRAESIER
MERERET, MM RARERAE (IRR) & L2 BHTFRYG EHRERWSGEEMER

ERIRZEHFIAMSHE T, CANBEEBRNEGNCERESFAX. EREKTLURRN
B B AR RUAR BT AL E R R BOE .

ERFEEELT, AXERERTFIHRSIERINREMTIRETEHL P RHN
(A,

Hist EHRIAETERIIREAREL. BMEHE. BRFEREFES, R,

g % X W

[1] Papoulis A. A new algorithm in spectra analysis and band-limited signal extrapolation. IEEE
Trans. on Circuits Syst., 1975, CAS-22(9): 735-742.

[2] Papoulis A. Signal Analysis. New York: McGraw-Hill, 1977: 205-215.

[3] Gerchberg R W. Super-resolution through error energy reduction. Opt. Acta, 1974, 21(9): 709-
720.

[4] Gerchberg R W, Saxton W O. A practical algorithm for the determination of phase from image
and diffraction plane pictures. Optik, 1972, 35(2): 237-246.

{5] Chamzas C, Xu W Y. An improved version of Papoulis-Gerchberg algorithm on band-limited
extrapolation. IEEE Trans. on Acoustics, Speech. Signal Processing, 1984, ASSP-32(2): 437-
440.

[6] Xu W Y, Chamzas C. On the extrapolation of band-limited functions with energy constraints.
IEEE Trans. on Acoustic, Speech Signal Processing, 1983, 31(5): 1222-1234.

[7] Sanz J L, Huang T S. Discrete and continuous band-limited signal extrapolation. IEEE Trans.
on Acoustic, Speech Signal Processing, 1983, ASSP-31(5): 1276-1285.

[8] Sato T, Norton S J, et al.. Tomographic image reconstruction from limited projections using
iterative revisions in image and transform space. Applied Optics, 1981, 20(3): 395-399.

[9] Peng H, Stark H. One-step image reconstruction from incomplete data in computer tomography.
IEEE Trans. on Medical Imaging, 1989, MI-8(1): 16-31.

[10] Virador P R G, et al.. 3D reconstruction in PET cameras with irregular sampling and depth of
interaction. JEEE Trans. on Nuclear Science, 2001, 48(4): 1524-1529.

(11] km, BRE. —#/" X Radon ZEHMRW. BNBRELPHIMENE. CT BSNAHR, 1993,
2(3): 20-23.

KIKH. B, 1962 £4&, RELBIW, FFR/7E. BROFTMERER, FSOoBMEROHE, BRERINA.
¥ M 5, 1957 #£4&, HIRA, HRFE RENEKER, REIHTBRERSNE.



