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Abstract In order to improve the computational efficiency of synthetic aperture imaging algorithm in the medical
endoscopic ultrasound system, the synthetic aperture imaging approach with parallel implementation on graphics
processing unit (GPU) is proposed. Firstly, the basic principle and image reconstruction process of synthetic
aperture algorithm are introduced. Then, the algorithm is analyzed in parallel processing. Finally, synthetic
aperture imaging algorithm for endoscopic ultrasound based on GPU is implemented by using the flexible
architecture of single instruction multiple threads (SIMT) of compute unified device architecture (CUDA)
programming mode. Multiple simulation experiments of scattering points imaging are compared and analyzed, and
the imaging experiment verifications of iron wire, cyst prosthesis and pigskin tissue are carried out by using a self-
built endoscopic ultrasound experimental system. The experimental results show that the proposed method can
greatly improve the computational efficiency while keeping the same imaging quality and results. When the
calculated data size is 1.47 GB (5305 X581 X 64X 8 byte), the maximum speedup ratio reaches 50.93.
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Fig. 2 Geometric representation of the image reconstruction of SA
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Fig. 3 Main flow of the parallel algorithm
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Fig. 5 Picture of endoscopic ultrasound experimental system
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Table 1 Basic parameters of simulation system
Parameter Value
Ultrasonic velocity in human body /(m+s ') 1540
Elements center frequency /MHz 7

Sampling frequency /MHz 180
Element width /mm 0.2400

0.145

Adjacent element spacing /mm
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Fig. 6 Implementation results of CPU and GPU of simulated scattering points imaging.
(a) CPU imaging result; (b) GPU imaging result
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Table 2 Comparison of program time-consuming of CPU and GPU

Data size /byte CPU /s GPU /s Speedup ratio
5305 X59X32X8 53.66 1.30 41.28
5305 X59X64X8 198.82 4.46 44.58
5305 X581 X32X8 516.33 10.86 47.54
5305 X581 X64 X8 2004.18 39.35 50.93
X 3R S B AR 25 R AT A3 BT, B AR R 2 S8R — Ak A G 2R B0 A (B HE AT R A5 SR A BLEE Y
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Table

# 3 CPU M GPU BRI AR 22 A — L AHC R HL

3 Imaging error rate and normalized correlation coefficient of CPU and GPU

Data size /byte

Number of different points

Number of total points

Error rate /% Normalized correlation coefficient

5305 X59X32X8 1917 413 X561 X3 0.276 0.999998870619135
5305 X 59X 64 X8 816 413 X561 X3 0.117 0.999999989915709
5305 X581 X32X8 2193 413 X561 X3 0.316 0.999999727733754
5305 X581 X64X8 1212 413X561X3 0.174 0.999999677298417

SCYR g R, UG e CPU G f1 GPU & | HA I -F A1 R B9 UG R 18 0E T 7 GPU “F &

BRI MR YE . 7R PRIE R R — BT R T L B iR A 7 v R R B I SR B B R BRI
FR A 5305 X581 X 32X 8 byte B, N Lt A 47.5, 17 H. Bl 5 B8 B0 A% 38 K, I o bL AN Wb, 58 3F T pr R

pIREIDNE G

g

ghEE RS AR Vs UL 256 GT650 B9 B 28 M5 3 B V e (53 51 R 64,128,256,512,
DL 20 YR AR5 A7 I 0] 5 Y (B AE 8 45 4 5206 A0 Ik &5 51 B i 4 A 4.3 5 iR,
Fd Vi 081 64 F1 128 W 12 47 6 [ B9 L 35

Table 4 Comparison of program running time when Vj,.q is 64 and 128, respectively

. V'hremh =64 Vthreud.\ =128
Data size/byte ; :
CPU/s GPU/s Speedup ratio CPU/s GPU/s Speedup ratio
5305 X59X32X8 53.66 1.44 37.26 53.66 1.30 41.28
5305 X 59X 64 X8 198.82 4.76 41.77 198.82 4.46 44.58
5305 X581 X32X8 516.33 10.98 47.02 516.33 10.86 47.54
5305 X581 X 64 X8 2004.18 40.42 49.58 2004.18 39.35 50.93
F5 Vi 20510 256 F1 512 BHRR T8 47 0 8] 19 L3R
Table 5 Comparison of program running time when V j,.a is 256 and 512, respectively
X V threads = 256 V ihreads = 512
Data size /byte - :
CPU /s GPU /s Speedup ratio CPU /s GPU /s Speedup ratio
5305 X59X32X8 53.66 1.37 39.17 53.66 1.64 32.72
5305 X 59X 64 X8 198.82 4.73 42.03 198.82 5.55 35.82
5305 X581 X32X8 516.33 11.19 46.14 516.33 13.69 37.72
5305 X581 X 64 X8 2004.18 40.19 49.87 2004.18 49.55 40.45
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Fig. 7 Implementation results of CPU and GPU of iron wire scanning imaging. (a) CPU imaging result; (b) GPU imaging result
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Fig. 8 Implementation results of CPU and GPU of cyst prosthesis imaging.

(a) CPU imaging result; (b) GPU imaging result
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Fig. 9 Implementation results of CPU and GPU of pigskin tissue imaging.
(a) CPU imaging result; (b) GPU imaging result
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