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Instantaneous-frequency-based ranging bias analysis of HFM
waveforms
PANG Yu-hong, YAN Qi, WANG Shi-chuang
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Abstract: Hyperbolic-Frequency-Modulated (HFM) waveforms offer the detection performance that is named “Dop-
pler invariance”, which makes a minimal output loss— relatively unaffected by target range rate in matched filtering. In
the meantime the Doppler invariance leads a ranging bias in estimating the range of moving targets. In this article, the
range resolution and ranging bias based on the HFM ambiguity functions are analyzed based on the Doppler invariance
and matched filter properties. And then an instantaneous-frequency-based ranging bias formulas is proposed, which
can be utilized to calibrate the measurement equation of precise target tracking and so to improve the performance of
sonar detection.
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Fig.1 Ambiguity function of HFM
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Fig.2 Schematic of the ranging bias of HFM
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Fig.3 Matched filter outputs of HFM* and HFM~ for different
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Fig.4 An illustration of pulse alignment for v>0
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Fig.5 Ranging bias versus movement velocity
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Fig.6 Ranging biases as a function of bandwidth
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Fig.7 Ranging biases as a function of pulse width
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