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AYRRE IS . AT B CT X JERbRE AT, 2 B FE T CPU M1 GPU (gl
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1.2 FITEERISLI

KL ST CPU MEE A CRATHYE) SEOL FDK Sk AR L 24 /o FRAT
W VLTS R, AEXT B GG R R R B A R AT A B, & MR R RIA R
T SEAS T, RS IFAT IR . AT TR SRR A SRR B AT S Ih RE B R 10
GPU, BRI ML E I (Single Instruction Multiple Data, SIMD) HJF4T 3k
TR, BB EESS (GPU) A5 K 1 I A A B RE JI RN m] g LK £, AT AR M %
B, E8 A kA4S CPU. OpenCL A1 CUDA & H Rifds) 2 48 FH 1) 5 b (&1 45 4T
REBRIG R B T, X LBRATTE A CUDA HFAT T & T B

BOEEAR IR — MR EME D — AL s F T, il — AN, il cPu R —A
f54, ik GPU XS T 5 2 M AT Ab B o 0P PREE (1) — MR B A ) — AN s 5 e,
IYBE— NS, i CPU K —ANEA, ik GPU X T K & A I AT AL B . SRR S HEY
L (5 R B el AR 1) AT A

TE RN FEH LA 32 % 32 ANk FE

tdefine BLOCK DIM Y 32

tdefine BLOCK DIM X 32

threads = dim3( BLOCK DIM X, BLOCK DIM Y, 1 );

B2 HA 1 SRR

grid = dim3( width/BLOCK DIM X, height/BLOCK DIM Y, 1 );
RS R 2R AL

grid = dim3( width/BLOCK DIM X, height/BLOCK DIM Y, frame );

CUDA 2 &R REfEAL AN CPU 2R R )y sUIIANA], i3 1.

1 TR AT GRRAR A

Table 1 A comparison of parallel and serial programming mode

GPU CPU
2D i = blocklIdx.y * blockDim.y + threadldx.y; for( i=0; i<height; i++ ) {
j = blocklIdx. x * blockDim. x + threadIdx. x; for( j=0; j<width; j++ ) {

if (i<height && j<width) { }
} }

3D i = blockldx. z; for( i=0; i<frame; i++ ) {
j = blockldx.y * blockDim.y + threadldx.y; for ( j=0; j<height; j++ ) {
k = blockIdx.x * blockDim. x + threadldx. x; for ( k=0; kwidth; jt+) |

if(i<frame && j<height & k<width) { } }
}

W X, j, kFRRRIIME.
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Fig.2 Schematic diagram of data flow

1.2.3 1EF4EH

TR I ZEAAE ) CH+IH R S 738, A% RN CUDA SEIR. K Hesg Zdis i ab B, il
BB N R B AREA 73 B e BB G, IR AVARE S . XHTAE CPU AT
AR, EA S TSN “ _CPU” Ja 4 AHT1E GPU s AT AR, %44 e s n “_Gpu”
G, Wi — MNRAEZ KL, RECR IR it else...... () W, 2R
m_bGPU=true, AT GPU IFATIZ S, 5 WIHAT CPU [ HATIZH., XK CPU AT GPU (144
TR IF o FRZEAE GPU Hh AT I A% BR B AR, 75, cu STEFrR S, A% R 50RT 22
_ global KB, ULWIZREUEAE GPU NN Z BT AT

(1 B EGE
1 ProjectlImage. h Sk 30 f4rh
class CProjectImage

{

protected:
bool m bGPU; // AT GPU
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int m Height;
int m Width;
float* m pData;

void Process CPU();
void Process GPU();

public:
void Process();

/] BRI
/] B TE
/7 P E S A7 i

// AEAAF R SEELA RS
// AEBAF S ACH

7t ProjectImage. cpp SCA4H SEIR A

void CProjectImage: :Process()

{
if (m_bGPU) {
Process GPU() ;
Jelse {
Process CPU() ;
}
}

1E ProjectImage kernel. cu 3XA4H SEHL GPU 3474 CHS
void CProjectImage: :Process GPU()

Process Kernel<<< grid, threads >>>( m pData, m Height, m Width );

__global  void Process Kernel( float* d Data, int height, int width )

{

}

Forb Az R AL

{

} /] W R S IR A A

(2) ¥dmk
1F Volume. h k30
class CVolume
{
protected:

bool m bGPU;
int m_Frame;
int m Height;
int m Width;

// A GPU
/] AR AL

/] AREE e E

/] AREE
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float* m pData; /] PR A7 Huh

void BackProject CPU( CProjectImage* pProjectImage ); // 1EWAFETFLILHIML
i

void BackProject GPU( CProjectImage* pProjectImage ); // fEEBAEPSZELHIAT
i
public:

void BackProject( CProjectImage* pProjectImage ) ;

b

££ Volume. cpp LA SEBRHIARCHD
void CVolume: :BackProject( CProjectImage* pProjectlImage )

{
if (m_bGPU) {
BackProject GPU( CProjectImage* pProjectImage ) ;
Jelse {
BackProject CPU( CProjectImage* pProjectlmage ) ;
}
}

1E Volume kernel. cu SCAFAFSEHL GPU 34T 4CHS
void CVolume: :BackProject GPU( CProjectlmage* pProjectlmage )

{
int projH = pProjectImage—>m Height;
int projW = pProjectImage—>m Width;
float* pProjData = pProjectImage—>m pData;
BackProject Kernel<<< grid, threads >>>( m pData, m Height, m Width,
pProjData, projH, projW );

Horb W A% R 2
__global void BackProject Kernel( float* d volData, int volF, int volH, int volW,
float* d projData, int projH, int projW )

// WAZ B B S B IR A G R
}
1.3 SLIGIRAEFINE

SEEGRE G N —HRAME 5mm, AR 4 mm RIZRBRIRER (PC) 4, ML 200~230 H
AT TR
S S YA BB O R B B S 29 mm, S YA RPN S O ER S 866 mm, 4R
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TN AE 40 cmx 30 em, BRI ZSHIME ZEUE 2048 x 1536, MG heks 360° , KA 1800
SKPCE MG, 0. 2° REE—IKEEIK . SE56 R NVIDIA QUADRO K 5000 & AF WAF 4G.
SZEGHLAYT CPU A Intel Core 17 4770 3. 4 G ffifi A Seagate 1T, 7200 ¥, 2847 64MB, SATA3

B, AL4E s K 6 Gb/s; WAE M Kingston DDR3 1600 8 G, Win7 64 i /E 245, Microsoft
Visual studio 2012 1ENFFAIREE, 8 NVDIA 2w $240 1 B4 b B B8 0% CUDA 5. 5.

2 #R5iNe
F£F CPU A1 GPU EZEWT)Z K an i 3 Fros.

(a) T CPU W72 K (b) T GPU F M Z K

K3 B REE R, EHRUIE RN 2048 x 2048, HAAY)REERXER, §%
K/N 6.5 umx 6.5 um, JZE[AEE 4. 9 pm
Fig.3 A section picture reconstructed, picture size 2048 x 2048, and pixel size
6.5umx 6.5 um, layer distance 4.9 um

2.1 EEREAELE

FEABUE KN 2048 x 2048 x 128, BEMMAZE L 32bit HIEFAEL, B RGN
2048 x 1536, 4L 1800 8K, TEWLE 9min BN, &L RERTN 1/3, 5T CPU B
FENFIR) 2% .

2.2 BEBRELLR

39 A GPU 4T 51 28 P45 R CPU R 2R R i 2 PRME IR Hh (AT H 1024 % 1024 (148 8 s it AT
PG, SR EATIRG =P EIME,

i=M—1 j=N-1
GPU =T Z Z arulis J1
i=0 ;=0
1 i=M—1 j=N-1
E(ICPU):MV ICPU[la]]
i=0 ;=0
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A Practice on Parallel Reconstruction Algorithm of
High Resolution Cone Beam Micro-CT Based on
NVDIA GPU Graphic Card

ZHENG Hai-liang'?, LI Xing-dong®*, WANG Zhe’, WEI Cun-feng’, CHANG Tong'

1.Shijitian Hospital of Capital University of Medical Sciences, Beijing 100038, China

2.National Institute of Metrology, Beijing 100013, China

3.Key Laboratory of Nuclear Radiation and Nuclear Energy Technology, Institute of High
Energy Physics, Chinese Academy of Sciences, Beijing 100049, China

Abstract: Objective: To explore the feasibility of parallel computing applying in high-resolution cone beam
micro-CT reconstruction and its impact on reconstruction speed. Method: Allocating video memory to projection
pictures and reconstruction voxels in GPU graphic card (NVIDIA QUADRO K35 000, Video Memory 4G) with
parallel computing, and allocating thread to each pixel for adjusting and filtering projection picture, and then
allocating thread to each voxel for Back Projection, thus, all section reconstruction is implemented in graphic card.
Result: Less than 9 minutes spent for 2 048 x 2 048 x 128 pixel matrix reconstruction, which is equal to 1/3 of data
gathering time and 2% of CPU based reconstruction, under the condition that one voxel is recorded by 32 float,
and each projection picture size is 2 048 x 1 536, and 1 800 projections are gained in one scanning. Conclusion:
Parallel computing applied in cone beam CT reconstruction can greatly increase reconstruction speed and data
gathering can simultaneously operate with reconstruction.

Key words: cone beam CT; parallel computing; high resolution; micro-CT; reconstruction speed; image quality
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