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Asynchronous Parallel GPU Acceleration Method Based on
Total Variation Minimization Model

Lu Wanli, Cai Ailong, Zheng Zhizhong, Wang Linyuan, Li Lei, Yan Bin

Institute of Information System Engineering, Information Engineering University of

Chinese People’s Liberation Army, Zhengzhou, Henan 450002, China

Abstract  Compared to the traditional synchronous parallel computing, an asynchronous parallel alternating
direction method (ADM) for total variation (TV) minimization reconstruction, namely asynchronous alternating
direction total variation minimization method (Async-ADTVM), is proposed in this paper. Under the asynchronous
parallel computing framework, Async-ADTVM transforms TV minimization reconstruction model to the problem of
fixed-point iteration, which is solved by asynchronous parallel ADM. It is implemented on the graphics processing
unit (GPU) cluster based on message passing interface technology. Experimental results show that the proposed
Async-ADTVM can provide a little higher calculation accuracy than ADTVM. Meanwhile, it can provide a higher

speed-up ratio than the traditional multi-GPU acceleration strategy when the performance of each GPU is different.
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Table 1 Parameters of reconstruction acceleration experimental platform

Computing server model

Item
GPU computing server | GPU computing server II

CPU Intel IvyBridgeE5-2630v2 (2.6 GHz) Intel IvyBridgeE5-2630v2 (2.6 GHz)
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RAM 32 G 32 G

Operating system Windows 7, 64 bit Windows 7, 64 bit
Number 2 2
SRR ARV Y TE B O R A R R L dRak T R L (26)
speed — %

4B FE - DFMH—G GPU A RS & 1 17
BRI BRI CPU #E 4735 2) FLH —
£ GPU TR RS & T #4752 5 GPU Jin s R i
DRI 4 & GPU T M55 & 7 #4772 )f 47 &
H5 R LI E S, I TR IS5 w ) HOR
K20 W-R#FAT M5 OFAMH 4 & GPU IR Rk
S M BEAT IR L AT E A 5 S IR AT E gt R A
26 GPUMITEMRS % 1 RH K20 k.2 & GPU
THA MRS % 1T 2R K40 &R . BT A 5256 % F A TR
MARGHM S8, BRI E 2 s, B
R A5 E = 4E Shepp-Logan MR 7E 17 Ik , 1154
rh T A RSN s 28 SR T PRLORG B R R,
%2 HHCT REAMBHK

Table 2 Scanning parameters of cone-beam CT system

Item Parameter
Scanning angle range /(°) 0-360
Number of probes 1024 X1024
Distance from source to rotation center /mm 600
Distance from source to detector /mm 1200
Projection number 60
Total of projection data 1024 X1024 X 60
Reconstruction scale 512X512X512
Pixel size /mm X mm 0.25X%0.25
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Table 3 RMSE of results at iteration of 2000 times and average iteration time of each iteration for four experiments

Experiment 3 Experiment 4

Result Experiment 1~ Experiment 2 Synchronous Asynchronous Synchronous Asynchronous
parallel parallel parallel parallel
RMSE 6.78 10" 6.78 10" 6.78 10" 5.69x10 " 6.78X10 " 5.34 10"
Average single time /s 6842.00 130.50 53.93 51.49 53.26 45.67
R jyeca (compared with CPU) — 52.4 126.9 132.9 128.5 149.8
R peea (compared with single GPU) — — 2.42 2.53 2.45 2.86

(b)
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Fig. 3 Original image and reconstruction results of middle
slices at iteration of 2000 times. (a) Original image;
(b) result of experiment 1; (c) result of experiment 2;
(d) result of sync-parallel computing in experiment 3;
(e) result of async-parallel computing in experiment 3;
(f) result of sync-parallel computing in experiment 4 ;

(g) result of async-parallel computing in experiment 4
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