Opto-Electronic Engineering Artl Cle

% ¢ x 4

20195 , 55 46% , 5 6 Hf

DOI: 10.12086/0ee.2019.180437

ETHMENEEXITTER AR
AR AR PRV T RE AR
2 S 2 AN SN

! 610500
2 49931

T EARKIT H o R et AR AT AR B B R RE Bh 6 it AR AL R M IME R . ERATIH IR T, AT AR R
iR B AR Bk ARt AR R A BB ST DA GRAT Bkt BaE . R, ESATIHARE T, LER GPUPE L, AF
Fo & 4 Peik BARK ik 69 VA B REIT A A K GYIRE . EARAFAR T, A AR F R GE S8 A 4 B AT,
AT Aok ik EAR KX HH(ST-NCC)E GPU F 4§ LA EI, FF EMGTF2E BT oML feld 469 AR K Bkt AT
Tk, WP LRI T, RALTFARGHE EAG% FiE(ST-NCC) & BT IR T HRF TR ERE, 12
R4 GPU KRBT, MFrF kit s R ke £3E.

FHEA: WBAEER; RINAL; I LEAEX; Aok AR BRI

hE 4SS TB872 NHEMRERD: A

SIA&R: B, FFT, B, F. A TRRG I 7 kAR E ARG T s HY]. ke 142, 2019,
46(6): 180437

Performance analysis of a sum-table-based
method for computing cross-correlation in
GPU-accelerated ultrasound strain elastography

Peng Bo®*, Luo Shashal, Yang Feng?, Jiang Jinfeng?

!School of Computer Science, Southwest Petroleum University, Chengdu, Sichuan 610500, China;
*Department of Biomedical Engineering, Michigan Technological University, Houghton, Michigan 49931, USA

Abstract: The calculation of correlation is critically important for ultrasound strain elastography. The sum-table
based method for the calculation of the normalized correlation coefficient (ST-NCC) can greatly improve
computational efficiency under an environment of serial computing. Its implementation and performance are yet to
be investigated when given a parallel computing platform, particularly, under a GPU environment. In this study, the
published ST-NCC method was implemented into GPU and its performance was evaluated for speckle tracking.
Particularly, the performance of the ST-NCC method was compared to the classic method of computing NCC using
simulated ultrasound data. Our preliminary results indicated that, under the GPU platform, the implemented ST-NCC
method did not further improve the computational efficiency, as compared to the classic NCC method implemented
into the same GPU platform.
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Fig. 1 Diagram of ultrasonic speckle motion tracking process
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Fig. 2 An illustration of the parallel scan method for calculating the sum-table
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Fig. 4 A comparative performance analysis of CPU and GPU implementations. (a) and (d) are lateral and axial displacements obtained
using CPU implementation of method 1; (b) and (e) are corresponding strain images; (c) and (f) are difference images of lateral and axial
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Fig. 5 Comparison of computation time of two method under different cross-correlation tracking windows. (a) Computation time of CPU
implementation of the two methods; (b) Computation time of GPU implementation of the two methods
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A schematic diagram showing steps involving in speckle tracking using radiofrequency (RF) echo ultrasound data

Overview: In our ultrasound strain elastography system, a modified block-matching algorithm is adopted to assess
tissue motion. Then, local strains are assessed and used as surrogates of tissue elasticity. The calculation of correlation
under the framework of the block-matching algorithm is a critical step and very computationally intensive. Because the
correlation calculation is largely independent, graphics processing units (GPUs) have been utilized to improve
computational efficiency through massive parallel programming. It is known in the literature that the sum-table based
method can greatly reduce the computing burden when the calculation of the normalized correlation coefficient is
needed in a serial computing environment. The sum-table based method is abbreviated as ST-NCC below. However, the
performance of ST-NCC is yet to be investigated given a parallel computing platform, particularly, in a GPU
environment. Consequently, our objective of this study is to investigate the performance of the ST-NCC method for the
above-mentioned GPU-accelerated ultrasound strain elastography. More specifically, a published ST-NCC method by
Luo et al. and the conventional NCC method were both programmed using CUDA (Version 9.0, NVIDIA Inc., CA,
USA) and tested on an NVIDIA GeForce GTX TITAN X card. During the CUDA implementation, in order to achieve
the best computational efficiency, two basic CUDA programming strategies were employed to improve computational
efficiency for all CUDA implementation. First, in order to increase the memory bandwidth of GPUs, TEXTURE
(memory) access was used for storing 2-D RF signals prior to the calculation of cross correlation. Second, programming
variables that require frequent access (e.g., axial and lateral search ranges) were locked in read-only memory for rapid
access. In terms of advanced CUDA programming strategies, on the one hand, a classic parallel scan method was
adopted to generate those sum-table data for the ST-NCC method. On the other hand, a few different on-ship memory
optimization strategies were used to implement the classic NCC method and they were compared against each other.
Only the computationally most efficient implementation was used to compare with the above-mentioned
GPU-accelerated ST-NCC method. Finally, performance assessments were conducted using simulated ultrasound data.
Ultrasound data simulations involve both finite element modeling and acoustic simulations. Both displacement tracking
accuracy and computational efficiency were evaluated during the performance assessments. Based on data investigated,
we found that, under the GPU platform, the implemented ST-NCC method did not further improve the computational
efficiency, as compared to the classic NCC method implemented into the same GPU platform. Comparable
displacement tracking accuracy was obtained by both methods.

Citation: Peng B, Luo S S, Yang F, ef al. Performance analysis of a sum-table-based method for computing
cross-correlation in GPU-accelerated ultrasound strain elastography(J]. Opto-Electronic Engineering, 2019, 46(6): 180437
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