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ABSTRACT: Accurate ranging is one of the key factors in the test and evaluation process of underwater vehicles.
In particular, when estimating range using Time of Arrival (ToA) values, signals such as Linear Frequency
Modulation (LFM), a chirp signal, are highly applicable due to their correlated nature. However, in a Doppler shift
environment with mobility, measurement errors may occur due to the range-Doppler coupling effect. In this paper,
we propose a signal that compensates for the distance-Doppler coupling effect to reduce the measurement error
of'the arrival time value. The proposed signal is constructed by superimposing two types of LFM signals, and the
range-Doppler coupling effect can be minimized. Through simulations, it is confirmed that the proposed signal
is a way to compensate for the distance-Doppler coupling effect in the distance estimation of underwater mobile
bodies, reducing the measurement error of the arrival time value.
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Fig. 1. (Color available online) The effect of Doppler

shift on the LFM spectrum.
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Fig. 2. (Color available online) Delay—Doppler am—
biguity function of LFM signal.
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Fig. 3. (Color available online) The correlation output
of LFM signal.
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Fig. 4. (Color available online) An illustration of the
Doppler effect for up— and down—sweep LFM signal.
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Table 1. RMSE of the ranging error between the
proposed method and the existing method.

Average- | Trajectory Single LFM Superimposed
velocity | type +LFM | -LFM LFM
20 m/s linear 22.6 m 25.8m 19.6 m
nonlinear | 13.7 m 11.8m 10.5m
25 mis linear 28.8m 32.1m 24.8 m
nonlinear | 16.5m 13.6 m 10.9 m
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