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Target detection method of the narrow-band continuous-wave
active sonar based on basis-group beamspace-domain
nonnegative matrix factorization for a reverberant environment
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ABSTRACT: The proposed algorithm deals with a detection problem of target echo for narrow-band continuous-wave
active sonar in the underwater environment in this paper. In the active sonar systems, ping signal emitted for target
detection produces a signal that consists of multiple reflections by many scatterers around, which is called reverberation.
The proposed algorithm aims to detect the low-Doppler target echo in the reverberant environment. The proposed
algorithm estimates the bearing, frequency, and temporal bases based on beamspace-domain multichannel nonnegative
matrix factorization. In particular, the bases are divided into two basis groups — the reverberation group and the echo
group, then the basis groups are estimated independently. In order to evaluate the proposed algorithm, a simulation with
synthesized reverberation was performed. The results show that the proposed algorithm has enhanced performance than
the conventional algorithms.
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Fig. 1. Graphs of simulated reverberation displayed in (a) a time-frequency domain and (b) a frequency-bearing
domain. The regions A, B, and C mean very-low-Doppler, low-Doppler, and high-Doppler zones, respectively.

ATNA ot » £, & ZH2E n ¥R AbSER| = 3] 0] 4]
= AL A,

SAlT=

TRt o] o]

ay, | G(% - %) | S(f_fd,,,)

) » expl=j2n(f—f, )t ]| 4

ARREA A8 88 T Ao )] 4 Aot
slop, ufebr] wEe] Fok
19} ol %ol o5} A4 Ak
29 7t fo2 W, 2 A
AL 0] w e Fukgts kg 3t ol

2ucosty,  2vcosy,
d, - 0°
Ao c

S

web, £, o EEe] Fuhg 7hA e ¢
AL kgt 2k,

(©)

919] A4 —1= cosy, < 10]B2, EEe] Fup

IR YFoIIX] H|38W H3% (2019)

T f, o 9= —2—:f0 <f, < Q—:fo ot} trol
fos AR H| Y X|&af HA9)
2o SUf 2 yol A E), o]

7(—;]7—5

)
>

2
otk
2
ol
1o
j&
4>

L 5:41719] o) &= vol uleste] 7 Atk 53]
WHA7) S | Cl,) | 7 QAR of ket wiatst
o, QA o, T EE kg £, £ Bq. (67 2L
BAE T B, A7) S e o)
S W7 W9 S AR FENE 7

A i} o)1= Fig. 1(@)2] 12Tl A] Shelgh 2 glck.

Fig 12 2kaF0] A|7-25}4 2 dlo|ej o} et
9 5 ol Bl & Aledo] & 3l Eold oAl
t}. Fig. 1(a)= 57 {90l th gk Atk = H| o]
HE A5 9lon, A7) ,_1:1—_,,]. © A}5H)
TCSL}T%OE olFo1A Sl I = Qi
= 578 ARt Rk - P% = dlold
skaL O‘Etﬂl A9 =T ‘l“j’]"r‘oﬂ E}E}

] o]3&}
= UE

R (]
1T of
P oo
o8 1 5
12 &”
@
©

fr ot
1o
o

rr

flo =y o
or

oA dle ool

ot
)

ol
-

Aletste &

ARk 2] o

SUCES,

HH S)(short-time Fourier transform)-<-

> Fig. 29} o] Wl d7]of &
713



Beamformer I | Short-time Fourier
S © = Transform

Short-time Fourier

— Beamformer, Transform
2

Short-time Fourier
Transform

Short-time Fourier

—— Beamformery Transform
2

|

|

|
1|

|

|

|

|
— Beamformer, ——

|

|

|

|

|

|

|

|
—]

|

|

|

X Proposed Detection Algorithm

715ke] Wejel A&k 55 Ak A G 7)Y 293

1

1

|

Basis-Group Basis Selection / :
— Beamspace-Domain — Bearing, Frequency, 1

Multichannel NMF Time Estimation 1

|

|

I

1

1

1

|

I

I

1

1

|

I

I

1

1

|

Fig. 2. A block diagram of proposed target detection algorithm.
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Fig. 3. Basis—group multichannel nonnegative matrix factorization model for the proposed algorithm.
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