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Performance analysis of ray-based blind deconvolution in

noisy environments

Kim Dae Hwan

Department of Ocean Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

The ray-based blind deconvolution (RBD) technique for ocean
waveguides estimates waveforms of channel impulse response (CIR) between
the signal and the sound source and the array with only minimal
environmental information (knowledge of the array geometry and local
sound speed) from the measured signal. The purpose of this paper is to
analyize the performance of the channel impulse response estimated by
RBD according to various background noise levels. The performance of the
estimated channel impulse response is quantitatively represented through

simulation and experimental data in terms of signal-to-noise ratio

(SNR).

KEY WORDS: Ray-based blind decovolution(RBD), Channel Impulse Response(CIR),
Signal-to-noise ratio(SNR)
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1. Introduction

1.1 Background and motivation
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2. Preliminary Considerations

2.1 RBD (Ray-based blind deconvolution)
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Figure 2.1. Example how the SNR.is defined at 1 channel.
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3. Simulation Results

AT 2%l A AHT 7|E o]E& HEOoE AEHOIHE T
RBDS] A% &4& FdstAth FAHORE 314ddA A& ol 27
s Aelshe 3.2"0)A noisee W3sle] wE RBDO A%< AHgHom
Uet oL 243 33" A 9144 BA A noised] FEHS AT

3.1 Experimental Environment

2010 10€¢ E3lA o
504Gl 98 1 9o

tlolel £448)<= #lsl

rO

A3 74 2 A9y 55 F=& Figure 3.1, 3.2 2o $4l

21719l Agl= 468 molal 42 ¢F 350 molth. A7 =

E]= #f A (Nested array)O]U% Z Ad v 2470t YAEE jdS

4708 BA For Ogow THE 5 oglom, 1A, do| B3 gL T
AN AFS F 19 A stA. X3, Figure 3.32 UXEE=E wlE
Bl B 192 derar

- 8 -

Collection @ kmou



468 m

i

1456 1466 1518

4

lSmrrce
~60m

~350m

W
Py = 1.6 g/cm? £ =1540m/s @, =0.6dB/A

Figure 3.1 Schematic of the experiment

0 i : :

50 + 3
100 + i
g 150 = T

£

@200 7 i
o

250 1

300 1 |

350 } i f
1440 1460 1480 1500 1520

Soud speed (m/s)
Figure 3.2 Sound speed profile at East Sea in Oct.2010

Collection @ kmou



# of band
R (%] F=S
L ]
L4 &
[ ] & :
r
@ i S
L ]
. B
L ]
L ]

—
L]
L]
®
L]
L]
L]
L ]
L]
?

b

o
*
*
'Y
@
v

&
L 4 - - A

92 94 96 98 100 102 104 106 108
Depth (m)

Figure 3.3 VLA array configuration

Table 1. The frequency bands and array spacing of vertical

receiver array.

Frequency (Hz) Spacing (cm)
Band 1 400 - 800 187.5
Band 2 800 - 1600 93.75
Band 3 1600 - 3200 46.87
Band 4 3200 - 6400 23.43
AFAT T FH Az TA AETE FAEAOH, AHEEH 459
FAFIe} fgZze 247 6kHzel 4kHzoeltk &% 413+ 15 chipd
511 chipo. 2 FAH F FTF7F M-seq Al&e} LFM Als=2 FAHHAT
B =FdAE=
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Figure 3.3. Eigenray
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Figure 3.4 Incoherent summed beam output
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3.2 Influence of noise
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Figure 3.5 Source signal
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Figure 3.9 Estimated CIR (SNR : -5dB)
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Figure 3.10 Estimated CIR (SNR : 30 dB)
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3.3 Influence of noise in phase rotation
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3.3.1 Noise free simulation
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Figure 3.12 Received signal

_17_

Collection @ kmou



59 9% s 9l
A4e dg 4 Aok &% dvhwd BELLHOPS $3) A8a AAd g

243029 Al wjdol A mid e FAo] He= 1I3HA A 4l AT
7h 5 4 AREE AL, Figure 3.13% 2t o714, 1314 2L
direct pathe] AJA| & 0.32 s, surface pathe] AlA A& 0.3312 so]t}.

e
(3}

o

i 0

1 | | .
0.315 0.32 0.325 0.33 0.335 0.34 0.345
Time (s)

Amplitude

]
o
o

|

Figure 3.13 Received signal (Channel : 13)

Direct pathg 7|22 WPAHE 4= Figure 3.149F 2om, direct
pathe] Zt==2 delay-and-sum FH 7] wj&Eo] HIFA 25 A|AAL
direct path®] AlAA# 22 0.32 s& 7

_18_

Collection @ kmou



0.1

g »

-0.1 . : : .
0.315 0.32 0.325 0.33 0.335 0.34 0.345

Time (s)

Amplitude

Figure 3.14 Beamformed signal using direct path

& (¢, 183 A¥AE A5 4 (4,7 YEPNE Figure 3.159}
Za, FAAze] 9 MPA"E Az A 2., — bee
by — Ppp)e Figure 3163} 2T} o7]4, 41 A5 hanning window=
A Az theQd 4-8 kHzz}b obd 5.5-6.5 Hz F3bF tidolA 43S
e AT

_19_

Collection @ kmou



0 .
51 g
10 + _
&
5 =18 T .
[y
o
=20 1 Source phase (bs =
——— BF phase :;';BF
207 Rcv direct phase[;';d.lred ]
—— Rev surface phased -
30 T SLIJ 1
5500 6000 6500

Frequency (Hz)
Figure 3.15 Phase of beamformed output and received signal

Radian
L

't .
2T % e i
Psurt ™ Por
3t ! i}
5500 6000 6500

Frequency (Hz)
Figure 3.16 Phase comparison of received signal and

beamformed output

_20_

Collection @ kmou



L}

Figure 3.16<& Fa 4l Az} W& 94 2pol7t Aol Apstd =
A AzAA S BEAS S8 Aze 9ol o2 AA=HH
Figure 3.17, 3.18% #o] CIRR F74°] & H+e S & & Utk

0

w
w

Depth (m)
3

105

-30

-20 20 40 60

Relative time (ms)

Figure 3.17 Estimated CIR in noise free environment

1
o 0.57
3 Il
%- 0 +— v-‘rjr’lh IIJIEI\-'-'F-' '.'“{ \Mk'
-

-0.5 A
1 w ' ' '
5 0 5 10 18 20

Relative time (ms)
Figure 3.18 Estimated CIR 13™ channel in noise free

environment

- 2" -
Collection @ kmou



3.3.2 Noisy environment simulation
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4. Experimental Results
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Figure 4.3 Received signal spectrum (Channel : 13)
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5. Conclusion
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