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jéh d‘_d_'_th ’H1#éhé ° In the future, teams of unmanned maritime platforms (UUV, USV and underwater
- - . - sensors) will work cooperatively for intelligence and surveillance.
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UUV : Unmanned Underwater Vehicle
USV : Unmanned Surface Vehicle e
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For underwater maritime systems to cooperate under the sea where electromagnetic waves propagate poorly under the
sea, high-quality underwater acoustic communication is necessary.
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Frequency changes with the Doppler effect. (= Doppler shift)

BRPERZAW-EEICEN T, BAVRHEL TRIRNEIELTLEIL
?EIELKMJ%H&%)_&&\ HICROBENELD,

If a waveform changes, a signal cannot be decoded correctly.
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Subject
1. R j] % D= % fj(%[, N | Huge impact caused by the Doppler effect
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Change rate of frequency = mobile speed / wave velocity
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AHTKZzLN Underwater acoustic communication is much more challenging .
than electromagnetic wave communication in the air.
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SHOEWTRRLE-ESHERY,
A IAHENEHIZTD

Reflected wave
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In the shallow sea, many waves reflected on the seabed or surface come later than a direct wave, so a signal cannot be decoded correctly.
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Study on mobile underwater acoustic communication
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Sea trials with multipath propagations
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Research partnership with JAMSTEC
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Method to reduce the Doppler shift effect

1. |E| :/E:H 1%% ' - J:éﬁa ﬁ?ﬁ% 0) ﬁ II:I:II Calculation of the amount of a Doppler shift by synchronized signal

Structure of signal
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The signal length variation caused by the Doppler shift can be calculated based on the interval of the synchronized signals.
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Two-step synchronized signal detection is applied to overcome the impact caused by multipath propagations.
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Method to reduce the Doppler shift effect
2. D-PLLICKA{tBDFHIE

— Phase correction by D-PLL
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The correction parameters can be calculated by observing the variation of the training signal
with the known parameters so that the influence of multipath propagations can be reduced.
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D-PLL for phase rectification can compensate for the Doppler shift.
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Experiment
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Transmitter : Tip of UUV
Receiver  :In the dome at USV bottom
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Result
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Separate Relative velocity Approach
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Demodulation with high SNR can be achieved
when the relative velocity is large.

¢ Signal Noise Ratio {E5 & & Ltt)
ABEWNFZEIS—RELOT LD,

X B BIEESET —FICEHI HIE
KR T—HEBERESICERT H0E

10



7 L EERDFER (2/2) Resul

Percentage of no bit error packets (Relative velocity > 8 knot)

8 knot L EDRYTS—L 02T =/ ybD5H

Error correction
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Underwater acoustic communication at a relative velocity of
10 knot was achieved.
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El# -F Tﬁ{n "ﬁ‘j’yj bf: o The effectiveness of the methods to reduce the Doppler shift effect was validated.

Underwater acoustic communication at a relative velocity of 10 kt was achieved.
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Research on UUV-to-UUV underwater communication is planned from FY2023 to FY2025. Underwater
acoustic communication will be integrated with optical communication to realize robust communication.
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will be studied efficiently by research partnership and introducing advanced technologies.




