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Pre—Coding Method for Underwater Digital Communications in a
Multipath Channel
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Signals in an underwater channel get distorted by multipath propagation, In this paper, pre—coding method is
suggested which helps comprehending the signals with minimum equalization, The signals are transformed based
on the knowledge of the impulse response of the channel. Proposed pre—coding method is tested by simulations based
on the ray theory and through water tank experiments, In weak multipath environment, in case of an SNR of about
20 dB, BER is 10° ~10™ , while in strong multipath environment, similar BER is achieved with SNR of about 30
dB, In order for the pre—coding method to be used for underwater vehicles, channel prediction method utilizing the
waveguide invariant is suggested and tested,
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Fig. 1. Example of channel in which the reciprocity doesn't
exist: hereh,, h, are channel impulse response for

each direction, respectively.
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Fig. 2. Underwater channel environment assumed in ray
theory based sound propagation modeling program.
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Table 1. Simulation details in ray based sound propagation
modeling program.

HISH 22 (m/s) | 2UZ (g/em®) | ZAAI% (dB/A)
FIEH= 1490 1.4 0.2
S =t 1600 1.7 015

# 2. Pre-coding A|=2{|0[M0| AFE QPSK AN 24
Table 2. QPSK setting in the pre~coding simulation.

HiSu| Fife 25 KHz
HolE M&EE 10,000 bit/s
Roll off factor 0.5
CEr 100 KHz
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Fig. 3. Results of simulation (BER) a) Mud b) Sand.
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Fig 4. Frequency response prediction.

(a) Frequency response at 1000m, 1010m.

(b) Prediction result of frequency response at 1010m by
using frequency response at 1000m.
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Fig. 5. Simulation result of channel prediction.
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Fig. 6. The small water tank environment.
a) Gaussian pulse b) PN sequence.
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Table 3. QPSK setting in the water tank experiment.

Hisut Sl 100 KHz
CiolE M&E 80,000 bit/s
Roll off factor 0.5
HEE Tk 1 MHz
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Fig. 7. Ocean water tank experiment environment.
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.01 L ) i ) )
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* PRD : 64ms '}

12! 8. pilot ST AlZH] o (64 ms)
Fig. 8. Example of pilot response time (64 ms).
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Fig. 10. Experimental results at ocean engineering tank.

(a) Pilot signal transmission result (b) Impulse response (c) Pre-coded data (d) Transmitted data (e) Constellation.
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