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Fast Calculation of Simulation Projection for Cone-beam CT Based on Shepp-Logan Head Phantom
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Abstract Aiming at the problem of projection simulation of 3D Shepp-Logan head phantom, this paper proposed a fast
parallel method to calculate simulation projection. Firstly, the intersection points of 3D ray and each ellipsoid were calcu-
lated in turn. Then, the sequence of intersection points was sorted, by which the region number of phantom and length of
intersection between the ray and the region were determined. Finally, the projection of the ray was obtained by summing
the projection of each region. On this basis, we decomposed the computing task into four independent subtasks and rea-
lized fast parallel calculation of simulation projection of cone-beam CT on multi-core platform by multi-thread tech-
nique. Experimental result shows that the proposed method is very effective, can get a speedup about 3, 5 times on quad

cores platform. The accuracy of the projection data generated by the proposed method was verified by results of image

reconstruction,

Keywords Cone-beam CT, Shepp-Logan head phantom, Projection simulation, Multi-thread, Image reconstruction

1 5|

CT(Computed Tomography) £ R J& i+ B HLH R 5 5 5
R E: A A GS G T AL — R e 0 R B AR, BTz
FEZSHIA T LRGN S, 4R CT AFPHRE
23 8] 43 B4 ) [R) S5O, TR B R 24 B CT S5 A
AT, CT HARM R MR EE R EEER, R RER
CT#HITE B EEMNE — BRI BEEIE. i, 8
it CT Bl RGHRBIR BB RN B &, LR BIEA
M FFER SRR S E, X HEE B RN
TERAERE R T —E M M. Nk, 8% R RN

il

B H P 2011-06-03 &MEHHI:2011-09-16
TE2BBHEAA T H (10XSYK102,09XSYK206) % B .

PR IR R A B BB . Shepp-Logan kAR B+ BHFE
HR R B RE B A TR E R E SR ME
BAERETER .

ERMBXBEGERRENHRLE D, AT AR
AT R TEEEREROEEHTHR, TERBAKEN
ERPHE, MBI ENRERETERMNER, X
BRL4JERAN T FA Shepp-Logan kA5 R A s AR 1)
FE.BEAE BT R R, 434 X% Shepp-Logan 3k
HERIMBEGE, BE T AR % JELE
BRI T HARE TR, B SR AR S
BRIA ST T WIE.

A E S SRR R4 TR H (20110491690) , BRTEA BB T WA 4 (117K1030) , B FHIF

WIEFI (1973 —), B, 1L, B3z, TEFRFE T CTHEVLEE B 543, E-mail: slmmzhang@sina, com; IE# (1958—), F,1F 1L,
B2, BB, FEHR TN CAD/CAM, Tk CT ATA VLB R EGRAEE 2k (1976—), B, B -, YT, E B/ 07 m it B P
FEHEAR ;s IEEEC1981—) , 4, B, YHIW , B s R i BV B AR .

» 257 »



2 B’EHERE

MR L MR FELEEN (ERARCY . Y
YR, 2 A e B RN BRI N S LT R, SRR
WERE I, B Beer-Lambert ZEm e, Bl

wd=InCIo/D) D
PRl HFEEFE . TP, T p(z, ) IEBREK
SRR TR R — 842 L R E U

L,u(x,y)dl = In(L,/D @

B UC BT I, SHER U B R M R R B A B p(z, )
WML EE L LA, Bl Radon 284t B8 LR I 37 B N
JriE . AR RIEAN A AR E ERBREE. CT BigE
ORIV fX — RPN E R R FR RS R pw(a,
o

RAE F R B E X, MR L h ZFORE A R B
Yiikest, il 1 B, AT R RES MR ARRE R
piFEI

U H L) pra e+ o Hlgpee =1n(1o /D )

B SIS R R e R T R

W B, R ET o MAF RS R
XA

igziﬂFln(Io/n W
K, 4 M SR ERFRE | RN EMREER
REE. AR, BREGEANXEERETRFLNAR
KEBMEEKE., B TFENERRE TR TR EE
o> HITE CT (FEH B RAYMENEE o RITERE.

3 hE#RITE

BT, (AR T EN R R RIS RBE A
BT, BT IZ R A Shepp-Logan KR, Z B R i
EZNRENE KN FaMEEEROHERAR. Shepp
Logan kBRI BAAS BB INR 1 5.

# 1 =% Shepp-Logan kEHBH

N;i Xg Yo 2 a b c 0 P
1 0.0 0.0 0.0 0.69 0.9 092 0.0 2.0
2 0.0 0.0 —0.0184 0.6624 0.88 0,874 0.0 1.0
3 —0.22 —0.25 0.0 0.41 0.21 0.16 72,0 0.3
4 0.22 —0.25 0.0 0.31 0.22 0.11 —72.0 0.3
5 0.0 —0.25 0,35 021 0.35 025 0.0 1.5
6 0.0 —0.25 0.1 0.046 0,046 0.046 0,0 1.2
7  —0.08 —0.25 —0.605 0.046 0.02 0.023 0.0 1.5
8 0.06 —0.25 —0,605 0.046 0.02 0.023 90.0 1.5
9 0.06 0.625 —0.105 0.056 0.1 0.04 90.0 1.3
10 0.0 0.625 0.1 0.056 0.1 0.056 0.0 1.3
11 0.0 —0.25 —0.1 0.046 0.046 0.046 0.0 1.2
12 0.0 —0.25 —0.605 0,023 0.023 0,023 0.0 1.5
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Us={(z,y,2) | (x,¥,2) € N3, (x,y,2) & Ns ,(x,y,2) &

Nu}
Us={(z,5:2) [ (x,3:,2) EN;5 , (2, y:2) & N3, (z,y,2) &
N}

Us={(z,3,2) | (z,5,2) € N5, (x> ¥,2) & N5 }

U,={(z,y,2 | (x,¥,2) €EN,,;=4,7,8,9,10,12}
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detect[ N/2]UN/2 1R FF B M BE T SR BV AR, pro-
jectionl KIINIINRARFFRIE R . KENBIEEH Visu-
al C+-+H4t1 API 6% CreateThread ), 7E L& B 43 51
i 4 MR, A TRAA LB E R R RAEREEEE,
WEN A NMRBEHATRE. X BEF A CreateEvent ) s
KRBT R event, F| ] WaitForSingleObject () ¥ 55 #5
BEHMBRERBESRE ANTMERES I LRBEHR L.
HAMTEE X—N2RER threadcompleted , FAHIEF5E B
KR T RBERGTEES FHMEM L, X4
threadcompleted 3 4 Bt % B HE X R event h “H {55 R
7. TS EREHHHE,
threadcompleted=0; / /%] 8k 58 AR TR K
event = CreateEvent(NULL, FALSE, FALSE,NULL); // €I 8 % {#
XMEHMIB LR EAZERE”

CreateThread(NULL, 0, Threadl, NULL,0,NULL);
CreateThread(NULL,0, Thread2, NULL,0,NULL);
CreateThread(NULL., 0, Thread3, NULL,0,NULL);
CreateThread(NULL,0, Thread4, NULL,0,NULL);
if (WAIT_OBJECT_0= = WaitForSingleObject (event, INFINITE))
[/ FRBEMNL A AEERE”
Save projection[n][i][j] to files; / /£ T A R B LI
T E 44t TR R Threadl O ML .
DWORD WINAPI Threadl(LLPVOID param)
{
initialize X-ray source S;
initialize Detector plane detect[i](j];
for(n=0;n<nScan;n++) //HBFEHEIEH
{
for(i=0;i<<N/2;i++) //BMEETHR
for(j=0;j<<N/2;j++) //HFRE5bx
Calculate projection data projection[ n][i][j]; //i+E %L R

Rotate X-ray source S; //Feib 54 R
Rotate Detector plane detect[i][i];//BEREIREI 28 -1

threadcompleted++; //5Z RE B E M 1
if ( threadcompleted = = 4) SetE;zent(event);

return 0;
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