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Underwater Target Velocity Estimation Based on Fractional Fourier Transform

XIE Yantong, PENG Yuan, ZHANG Fengzhen, ZHANG Zhaohui, CAO Lin
( Science and Technology on Underwater Test and Control Laboratory, Dalian 116013, China)

Abstract Under white Gaussian noise background, matched filters are the best detectors for LFM signals and are widely
used in underwater acoustic signal processing. When the transmitted signal is a LFM signal, the Doppler shift caused by the radial
velocity of the underwater target will cause a mismatch between the echo and the sample, which will degrade the detection perform-
ance of the matched filter and increase the difficulty of estimating the target velocity. Using the FRFT to focus on the LFM signal,
an underwater moving target LFM echo detection algorithm using FRFT is proposed to estimate the target velocity and derive the re-
lationship between the target motion velocity and fractional Fourier transform order, and perform error analysis on the measurement
results. Simulation tests show that the proposed algorithm can effectively estimate the target radial velocity in the reverberation back-

ground and has good estimation performance.
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Fig.1 Basic principle of LFM
signal detection based on FRFT
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Table 1 Mean values of velocity estimation
errors under different signal to noise ratios
(v=1.028 m/s)

{EMEIL /dB BRBE /(m/s) || fEMENL 7B BEEE /(m/s)
-7 8. 668 0 0. 009
-6 3. 407 1 0. 009
-5 1.219 2 0. 009
-4 0. 009 3 0. 009
-3 0. 803 4 0. 009
-2 0. 009 5 0. 009
-1 0. 009 6 0. 009

®2 AREERLETHEEMGITHRENE
(v=2.056 m/s)
Table 2 Mean values of velocity estimation
errors under different signal to noise ratios

(v=2.056 m/s)
{EMe L 7dB #E /(m/s) || fEMELL /dB HE /(m/s)
-7 5.018 0 0.008
-6 1.058 1 0. 008
-5 0.008 2 0.008
-4 0. 008 3 0.008
-3 0. 008 4 0. 008
-2 0. 008 5 0.008
-1 0. 008 6 0. 0008

x3 ARERIETHEEMTRENE
(v=5.14 m/s)
Table 3 Mean values of velocity estimation
errors under different signal to noise ratios

(v=5.14 m/s)
{EMEIL /dB BB /(m/s) || fEMENL 7B BEBE /(m/s)
-7 1.843 0 0. 006
-6 0. 874 1 0. 006
-5 0. 006 2 0. 006
-4 0. 006 2 0. 006
-3 0. 006 4 0. 006
-2 0. 006 5 0. 006
-1 0. 006 6 0. 006
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