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Motivation

 Low spectral efficiency and poor energy concentration of

conventional rectangular chip waveforms used in spread
spectrum modulation make it difficult to meet the high-rate
and high-sensitivity reception requirements of future
systems. To address this issue, this study proposes a spread
spectrum chip waveform design method based on prolate
spheroidal wave functions (PSWFs), which enhances signal
dimensionality and spectral efficiency under finite time—
bandwidth product constraints.



Main idea

- By introducing PSWFs into the spread spectrum chip
waveform design and proposing a PSWF-based method for
constructing a 4D chip waveform set, the waveform
dimension and spectral efficiency of spread spectrum
systems are enhanced.

- By introducing equivalent low-pass processing, an equivalent
low-pass PSWF spread spectrum system model is
developed, where signal processing employs a “baseband+
in-phase/quadrature (I/Q) dual-channel” approach, effectively
reducing implementation complexity.
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Conclusions

To address the issues of low chip waveform dimensionality and
insufficient spectral efficiency in conventional direct sequence
spread spectrum systems, this study proposes a 4D spread
spectrum chip waveform design method based on PSWFs and
constructs a corresponding spread spectrum modulation system
implementation model. The simulation results demonstrate that
the proposed waveform achieves approximately double the
spectral efficiency of conventional waveforms while maintaining
comparable error performance. It also exhibits robust anti-
interference and anti-interception capabilities under narrowband,
broadband, and co-channel spread spectrum signal
interferences.
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