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Abstract
Direction of Arrival (DOA) estimation of sound sources using phased array-based methods has a lot of
importance in various fields, including sonar, robot vision, and mechanical defect detection. Adaptive
beamforming methods, such as the MVDR (Minimum Variance Distortionless Response) algorithm,
have high resolution compared to non-adaptive methods (Delay and Sum algorithm); but this advantage
is achieved in return for the computational complexity of these algorithms. This makes it hard to use
these algorithms in applications that require real-time sound source DOA estimation. On the other
hand, an important feature of the adaptive beamforming methods including MVDR is the high potential
ok of these algorithms for parallelization. The purpose of this paper is the parallel implementation of the
‘U:r" MVDR algorithm by employing Graphical Processor Unit (GPU) instead of Central Processor Unit
(CPU) to increase the execution speed and achieve the real-time mode. For this purpose, the CUDA
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(Compute Unified Device Architecture) programming model has been used to implement the algorithm
on the GPU. CUDA is a parallel computing platform and application programming interface (API)
model created by Nvidia. It allows software developers to use a CUDA-enabled GPU for parallel
processing. In order to investigate the performance of parallel implementation of the MVDR algorithm,
two different GPUs, as well as CPUs, have been used. The performance validity of various
implementations in this paper was confirmed by real sonar data as well as simulation data. The results
show that using an array of 64 sensors, it is possible to estimate the DOA of underwater sound sources in
real-time mode and with high resolution using the MVDR algorithm.

Keywords: DOA estimation of sound sources, MVDR algorithm, Parallel processing, GPU, CUDA.
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a) Changes in the program's runtime by changing the number of sensors
b) Changes in the program'’s runtime by changing the frequency range
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(Figure-6): Waterfall chart of the DOA result in second mode
a) Search inall angles and frequency range of 100-300 Hz
b) Search in all angles and frequency range of 2500-3500 Hz
(Search in all angles and frequency range of 950-1050 Hz)
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(Figure-7): Waterfall chart of the DOA result in third mode

a) Search inall angles and frequency range of 100-500 Hz
b) Search in all angles and frequency range of 2500-3000 Hz
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(Figure-5): Waterfall chart of the DOA result in first mode
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(Table-1): The program's run time in third mode (frequency range of 2500-3000 Hz) on MATLAB in CPU-1, CUDA in GPU-1
and CUDA in GPU-2 (ms)

GS81F 035518 53 Saly Hl ol b T ya) cagu0 alis Hisiayle) b

e b il Ml | 2686s41 | 023420003 | 3445615 | 0.030:0005 | 2122:2669 | 0.185:0.023

ey (ks 48298 | 0318:0.008 | 328451445 | 0287:0013 | $7620470 | 0.503:0.013
S e oy s S USU 985188 | 0609:0.016 | 14535049 | 012740008 | 14194688 | 035440006
S e s aunde | 133832469 | 11680041 | 350921580 | 03060014 | 405721688 | 035420015
§ 3 o8 [0 )3 i aaaknaf225520 724165.1| 196,79743.634 | 1779822076 | 15530019 | 4477152078 | 3.907:0.018

ol fpens 228199.9:4230.3) 199.12723.691 | 2638.9=28.38 | 23030025 | S8483=121.9 | 5.10320.106

‘a..ﬁl : b-,a

B

-

———————y—

Al sl S e gl
s

Al 3 (VP S e ]

0_  —
ul p? _/“ o y‘ .,»"5 o
..)"V ﬁ? y-)J’ » ,?._;y Y
i g Wi s¥ ,.?"" y ¥
> Tl SURT Lt 4
i A e
s #*
() Jgoor M 3ab adl 1 (61,2 e pas Connad glos :(A— JSi2)

£33 roiunnnn (695 1995 (51 )21 s paw ) Coni ppitannanns (595 1995 (51 y2r1 s yuns Canss (I

o rinamnn) (69 ilio (5152 e o Ay i e (595 1985 (61 )2 i s o (0
(Figure-8): Displaying the ratio of the program execution speed according to information of table (1)
a) The ratio of the execution speed in CUDA on GPU-1 to that of GPU-2
b) The ratio of the execution speed in CUDA on GPU-1 to execution speed in MATLAB on CPU-1
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