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Estimation of source signal and channel response using ray-based
blind deconvolution technique for Doppler-shifted
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ABSTRACT: This paper suggests an estimation method of the source signal and the channel impulse response
(CIR) using ray-based blind deconvolution (RBD) in the underwater acoustic channel environment where Doppler
effect exists by the relative motion between source and receiver. It is difficult to estimate the CIR on Doppler effect
by the matched filter with a highly Doppler-sensitive waveform such as the m-sequence signal because Doppler
shift can severely degrade the correlation between the received signal corrupted by Doppler effect and the original
source signal. In this study, the Doppler-shifted source-signal’s phase is estimated using the RBD, and the received
signal is compensated by it to obtain the Doppler-corrected CIR. It is verified that using the matched filter with
the received signal from the experimental data fails to estimate the CIR while the obtained CIR by the suggested
method has the similarity to the propagation path of the ray model. Also, the results show that the reconstructed
source signal using the RBD has the better Doppler shift compensation than the Doppler-shifted source signal
derived from scattering function.
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Fig. 1. Block diagrams for RBD.
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Fig. 3. The ambiguity function of the m-sequence
with duration of 255.5 ms.
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Fig. 7. Depth-stacked CIR at the VLA without Doppler
compensation.

2
1.5 '
-1
-0.5
0 ,
05 :
1 _
15
2 ,

0.025 0. 03 0.035
Time (

Velocity (m/s)

Fig. 8. Scattering function from the 24™ receiver element.

Depth (m)

-
o
N

104

106 |

1.02 1.03 1.04 1.05
Time (s)

Fig. 9. Depth-stacked CIR at the VLA with Doppler
compensation.

skl o u] e 1 2mfs o] g ot wEe] st
2 3113 4 gl AAHE Al 4 nigo 2 o
A 5ol wEe Hol HAS T 2 Ado] 41
A AE0ke] JHREE ST 2l Fig 99% 2ol
A QA S 34 549 AW} Fig. 59 o] 2
%9k o] FAFES 21T 4= e,

=}

“ ‘
4000 5000 6000 7000 8000
Frequency (Hz)

Fig. 10. Beamformed output from the VLA at a source-
array range of 5000 m.

_/’:
S S et
53l %*J A% 914 3 Al A7} stk
SV 27 ARl A o) 752 HlE Wi 741’%}71
9150 Egs (1674 (17 o 85te] 5 T2 cfe]
of tial Mg AE ATt T, 71 & oA o oH
ok 1l 29 =g Adstart
N _w(]_”(dsl‘ne)
b(0,w) = ZRj(w e ¢ (16)
j=1
2 f,
BO)= [ b(6.w)Pdw 17
0= [, bowr (7

Fig 102 8 214 o o] Sheoiis 1 2231}
efufel, AEol A AFg-E 42 A1) & 7H 2o
ol g §] Z = of| 3l ddh= 5% aliasing©] WHAY 5}A| Tk
ol ol B SAL 21 Bo Fig 1322
o AT A7} 52 1] ZHE S AN 5 et

Fig 1125 o 1304 & o v o] shay

12
2

£ 29 gho] b 212 & 4 glom], 22
212 o g3to] Eq(7)2 8 715 We] WS /)
AVEE 4= QI AR 45 HE 2 ol g3kl Eq )
2 Eq®) 53 =5 Ho] Fol A2l A I
g Ul = o] ARl mYhE B AEE



337

4 The probe signal with Doppler shift compensation.
* The probe signal without Doppler shift compensation.

0.6 = The reconstructed probe signal using RBD.
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Fig. 13. The cross correlation coefficient between the
probe signals and the recorded time series at each

receiver.

Fig. 11. Beamforming results incoherently summed over

the frequency band.
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