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Graphics processing units—accelerated solving for

simplify spherical harmonic approximation model

He Xiaowei, Chen Zheng, Hou Yuqing, Guo Hongbo

(College of Information Science and Technology, Northwest University, Xi’an 710127, China)

Abstract: As a high—order approximation model to Radiative Transfer Equation, simplify spherical harmonic
(SPN) approximation has become a hot research topic in optical molecular imaging research. However, low
computational efficiency imposes restrictions on its wide applications. This paper presented a graphics processing
units (GPU)—parallel accelerated strategy for solving SPN model. The proposed strategy adopted compute unified
device architecture (CUDA) parallel processing architecture introduced by NVIDIA Company to build parallel
acceleration of two most time—consuming modules, generation of stiffness matrix and solving linear
equations. Based on the feature of CUDA, the strategy optimized the parallel computing in tasks
distribution, use of memory units and data preprocessing. Simulations on phantom and digital mouse
model are designed to evaluate the accelerating effect by comparing the time for system matrix
generation and average time of each step iteration. Experimental results show that the overall speedup
ratio is around 30 times, which exhibit the advantage and potential of the proposed strategy in optical
molecular imaging.
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Tab.1 Time complexity of the finite

element method

Step Content Time complexity
(1) Read mesh data O(n)
Calculate stiffness )
(2) i Oo(n*)
matrix
) Calculate source o)
power
Solve linear
(4) equations with o(n?)
Jacobi iteration
(5) Output results o(1)
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SPN 4% 0> JE 6 J2 1 — 24 BR S T 00 e S5 31) 2
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_v 1 VQ01+M¢1(P1=S+( 2 ILLa) P2 (1)
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1 4 5 2 2
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Improved CSR storage method
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Fig.1 Improved CSR storage method
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Host Program entry

point

v
Device for (i=0;i<max;i++)

{Parallel code}

Serial code

Parallel
kernel

For loop checking by CPU

Host  program entry point
for (i=0;i<max;i++)0

Serial code

1
Device
Parallel code
For loop checking by CPU

2 JEFR W 4 23 B
Fig.2 Allocation of loop checking
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Tab.2 Contrast of memory units

. Access Variable life
Memory Location o
permission cycle
Register GPU Device RW Same as
thread
Onboard
Local . Same as
; Device RW
memory video memory thread
Shared GPU Device RW Same as
memory block
Constant Onboard Device R Stay until the
memory video memory Host RW process ends
Texture Onboard video Device R stay until the
memory memory Host RW process ends
Global ' Onboard Device RW Stay until the
memory video memory process ends
Host memory Host memory Host RW Stay until the
process ends
Pinned Host Host RW Stay until the
memory memeory process ends

CUDA F 8l 73 Be A 2 ] iy H 25 il R/ &
PR A 2 0] BTy, MR A0 [ RUR A AT e A
A AT DU R m it 3R, 36 2 th 7 e
SRR NI R AT, BT 4 R/ 32 bit,
FFAF A ORI, Bt 2w 5F B A s A7 it 4 v, A
HOAF A5 (4 D5 1) 8 B G K T A A . TERR P BETH Y
R N 22 OO R B A T F A as
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1.4 EEKINE R BE

Zi LTR 3T GPU A9 in sk oK fig 5 225wk I
174 BRI BE 56 P &% Jacobi 348, 51 % CUDA 44
SRARE B SR i AR WA 3 BT

Host
Serial Read mesh
code data
Device
Transfer data
to GPU
Parallel
kernel
Generate
stiffness matrix
Host
< Store stiffness
Serial ey
coda matrix with the
improved CSR
Device
Solve Ax=b
with paralleled
Jacobi iteration
Parallel
kernel Free video
memory
Host T Feriia
Serial ransfer data
code to GPU and
output

3 SR AR

Fig.3 Flowchart of processing
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Fig.4 Cylindrical phantom contains a sphere light source
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Tab.3 Four meshes for cylindrical phantom

No. Number of nodes Number of elements
1 9046 50113
2 19479 102541
3 25762 151369
4 32304 198677

XF 2% 3 U4 AT B OGR4 43 Sl R AT LS
75 30 A5 B D 2 R 4 1) Jn 8 BE AN 3 4 I | Jacobi 1%
R B2 3 AR TR 4 L 3R 5 TR, BROR TR
B SPN & (A 530 I [a) i e an &l 5 B
R 4 R 4B BE A9 AN Bk

Tab.4 Speedup ratio of stiffness matrix

generation
No. SP1 SP3 SP5 SP7
1 7.75 9.87 12.61 14.13
2 9.44 13.63 13.09 15.82
3 10.92 14.96 16.15 18.06
4 12.13 16.67 18.96 20.37
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Tab.5 ATES of Jacobi iteration ol
Lung «—f—— \——vHeart
Grid No. SP1 SP3 SP5 SP7 1ok
1 5.01 8.93 11.34 13.36 Source +—- :
Liver€0f — A Stomach
2 8.69 14.47 18.15 19.94 Rifiey
Sof —>Muscle
3 12.06 22.17 27.29 29.18
He =2 B Shpp (2
4 15.13 30.37 34.87 36.25 I 6 207 B LT & 5 L

M 4 T LLE W, SR GPU Jy ik Az 1 NI 4 B
MR BN TE , BEE PR HE % B b T A7
Mr#cde v, st AR, 3£ 5 9 Jacobi i 4L
ATES (1 LY B R8RS 25 B b+ A7 o i 4
TP TR UGE A S AT 55 RE S T
SEAAE Y, L A P AR R A AT Y
R S AP AR DT MR . N 5 AT LR
HR S TP R I Ll 29.3 4

30 —e—Meshl
25 -&-Mesh2
—+Mesh3
——Mesh4

20
15

Speed-up ratio

1 3 5 7
SPN order

Pl 5 S B0 1 (4 in P RE X L
Fig.5 Acceleration performance comparison of

homogeneous phantoms
2.2 HFREW

TESEBRR AR 238 R B ARSI R,
PRI I 0T I AR AR 1 F 55 A A ) O R 9E rh B
B R CR KL 6 BB RGOt
&R 0.5 mm, 5 1 mm (9 BRI D 2R 2% i
WA 1 nW/mm?, X H AT A R o A% 21U 15 2040
=6 MPUHMIRIEE, & FEINEREESEnER 7
FI7R o

XF 2% 6 F U2 A 3 )R A T R BB AR 4 L S
55, 192N FEBY 4L SPN #4302 L 4n 1 7
FI7R o

XFELE 6 Al 7 A DLk B, SR AR B 4 i B
FRUBEAY %07 B AN M R O A P T R AR

Fig.6 Geometry information of digital mouse
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Tab.6 Four meshes for digital mouse model

Number of

No. Number of nodes
elements
1 7145 37652
2 12953 70558
3 18 609 109713
4 22 364 151869

RTHFRRERZSY

Tab.7 Optical parameters of digital mouse

Organ W/mm™! w/mm-! g
Muscle 0.0057 0.2374 0.9
Heart 0.0910 1.0291 0.85
Lung 0.304 5 2.2273 0.94
Liver 0.5458 0.7115 0.9
Stomach 0.0171 1.5022 0.9
Kidney 0.1021 2.414 4 0.9
20 —o—Meshl
25 {3 Mesh

——Mesh4

N
(=)

Speed-up ratio
S &

SPN order
Pl 7 250 U A 14 0 S 1 BE X L
Fig.7 Acceleration performance comparison of

digital mouse model
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