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Aim : Characterise and develop a realistic vibration channel model for millimetre wave applications 

embodying the behaviour of the vehicular channel (ie vehicular mounted antennas and undulating roads.)
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• Vibrations perturb the complex radiation pattern of an 
antenna during movement.

• This adds further challenges into modelling of the 
composite antenna and propagating channel at 
millimetre frequencies for vehicular based applications.

• It has an impact on the Doppler Shift and Doppler 
Spectrum.

• Degrades the signal quality for V2I 

or V2V communication.

• Characterised by the Doppler shift, Doppler spread, as 
well as angular and temporal correlation. 

• Path loss (PL) changes subject to movement speed as 
well as diffraction, scattering and reflections.

• Antenna de-pointing leads to difficult tracking narrow 
beamwidth signals. 

• Beam realignment 
with massive MIMO
would to realign a
narrow beamwidth. 

• Pitching mechanical 
motion causes 
antenna’s mis-alignment.
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• Vibration test rack using stepper 
motor controlled by Arduino SW 
& Universal Gcode sender built.

• Employed a 26 GHz horn Rx 
antenna and perform the yawing 
mechanical motion.
• Tx-Rx heights: 1m. 
• Tx-Rx distance: 3m.

• Measure the S21 parameters 
using VNA at both 25.5GHz and 
26.5GHz 

• Created large scale vibration at 
frequencies between 10-500 Hz.

• Investigated different 
accelerations 1500, 3000 mm/s2.

Conclusions

Acceleration 1500 mm/s2Acceleration 3000 mm/s2

Proposed  Model

• Model based on yawing from mechanical motion.
• Considered horizonal polarisation. 
• Spectral analysis via Fourier transform of sounding 

waveform.
• Extraction of the maximum Delay Doppler component.
• Compute the Time Frequency Correlation Coefficients 
(TFCF).
• Extract the Doppler Spectrum from the Fourier 
Transform (FT) of the TCF.

• Doppler power Spectrum decrease with increasing Vibration Frequency.
• Increasing the beamwidth will improve the Doppler shift. 
• Beamforming  re-alignment will be one of the solution.
• Increasing Tx heights, will reduce the impact of antenna’s de-pointing.

Discussion
• Vibration frequencies have extracted from the acceleration using 

10mm and 100mm step size.
• Yawing mechanical motion changes the radiation pattern in the 

azimuth and elevation planes.
• Doppler Spectrum smoothed using 50 spans to remove the noise. 


