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Rotorcrafts have been increasingly playing a major role in digital battlefield.
Without a reliable communication link, there could be a break down in
command and control between the rotorcraft and the ground support.
Reliability of the communication link is constantly degraded by Doppler
effects caused by the rotation of the rotorcraft blades. In this paper, the
Doppler effects on a communication link between a rotorcraft transmitter and
a receiver on the ground are studied. The communication link of interest is at
VHF where voice signals are transmitted at the frequency band of 30-88 MHz
using multi-level FM modulation with frequency hopping (FH) schemes.
Different diversity techniques are considered as solutions for mitigating the
fading of the channel.

The communication system consists of a ground transceiver and rotorcraft
transceiver. The ground transceiver consists of a signal receiver and a single
antenna. The rotorcraft transceiver consists of a radio with one antenna or
two spatially separated antennas.

A rigorous model that involves the near-field effects between the closely
separated transmitter antennas and the rotating blades is developed. The
channel model also includes the Doppler effect and the continuous position
change of the rotating blades. The model reveals that various parameters in
the underlying problem, specifically the rotor rotational signatures, produce a
highly time-varying channel. The channel fading characteristics require the
use of diversity techniques to effectively combat the channel impairment,
maintain a desirable signal-to-noise ratio (SNR), and reduce outages.

The receiver diversity techniques with the use of multiple receiver antennas
have well been developed. Herein, we focus on the link where the
communication flow is from the single- or multi-antenna rotorcraft to the
single-antenna ground systems. In particular, we consider transmitter
diversity, fast frequency hopping (FFH), and multi-carrier frequency hopping
(MCFH) diversity techniques to mitigate the channel fading. The improved
performances of these methods are demonstrated using the receiver signal
power.



