CHErIHICI =288 =2

ol 2E29 &
lE| 2

M 12 H 5= 20178 102 267

gxjol 9| £H2 I3t

g2 &E x2l9] GPU 7|8t 7t535t

(GPU-based Acceleration of Particle Filter Signal Processing
for Efficient Moving—target Position Estimation)

2 &84 X

S 'y, & S

&, 0a

(Seongseop Kim, Jeonghun Cho, Daejin Park)

Abstract

: Time of difference of arrival (TDOA) method using passive sonar sensor array has

normally been used to estimate the location of a concealed moving target in underwater

environment. Particle filter has been introduced for effective target estimation for non-Gaussian

and nonlinear systems. In this paper, we propose a GPU-based acceleration of target position

estimation using particle filter and propose efficient embedded system and software architecture.

For the TDOA measurement from the passive sonar sensor, we use the generalized cross

correlation phase transform (GCC-PHAT) method to obtain the correlation coefficient of the

signal using FFT and we try to accelerate

the calculation of GCC-PHAT based TDOA

measurements using FFT with GPU CUDA. We also propose parallelization method of the target

position estimation algorithm using the GPU CUDA to update the state of each particle for the

target position estimation using the measured values. The target estimation algorithm was

verified using Matlab and implemented using GPU CUDA. Then, we realized the proposed signal

processing acceleration system using NVIDIA Jetson TX1 as the target board to analyze in terms

of the execution time. The execution time of the algorithm is reduced by 55% to the CPU

standalone—operation on the target board. Experiment results show that the proposed architecture

is a feasible solution in terms of high-performance and area-efficient architecture.

Keywords :

Acceleration, GPU, CUDA, SONAR, Time of difference arrival (TDOA), Generalized

cross correlation phase transform (GCC-PHAT), Particle filter
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Fig. 1 Proposed GPU based accelerated algorithm
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Algorithm GCC-PHAT

For two signals x.[n] and x,[n]

X,(f] = FFT(x,[n])

X5(f) = FFT(x3[n]}
[X(FXDT
Izpyar(p) = InverseFFT{GPHAT(Y))

Geaar(f) =

TDOA measurement T ; = argmax, (Igpyar(p))/sampling rate

% 2. GCC-PHAT &g+
Fig. 2 GCC-PHAT algorithm
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Algorithm Particle filter

Set initial state s
Generate N particles s (i = 1,2,..,N)
Set initial weights wyry = 1/N (i=1,2,..,N)
Fork=1,23...

Sy = Asggpg + Wi (1= 1,2,..,N)

Zigy) = hsep) + Vi

z = TDOA measurements

Wiy = Wi (2 [ Si)

where p(z | syp) ~ N(h(Si0Qr)

Normalize weights wig=wiy /E’[-V:]_ Wi

Ng=1/Zil1 (i)’

IfNog= Ny

Resampling
end

end

9 4. TDOA SAHAE
JEE 2 dags
Fig. 4 Particle filter algorithm
using TDOA measurement
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Table 2. Algorithm execution time
according to sampling rate

Execution time (ms)

Sampling rate GPU CPU

11kHz 6.28 15.06

22kHz 11.46 27.16
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