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ABSTRACT 
 
There is an ever-increasing demand for the transmission of large quantities of data, such as those associated with 
images, terrain databases and network traffic to mobile terminals.  However, available radio channels, particularly in the 
lower parts of the VHF spectrum, that are typically used by taxi services and military organisations have severe 
bandwidth constraints dictated by both technology, and existing radio regulations.  To realise the necessary total 
bandwidth for transmission of large quantities of data in reasonable time intervals, consideration is therefore being 
given to segmentation of the source data and subsequent simultaneous transmission of different data in multiple sub-
bands, possibly separated widely in frequency.  For the design of wideband communications systems that employ such 
segmentation, simultaneous (or at least quasi-simultaneous) wideband channel characterisation of the frequency bands 
of interest is required. 
 
This paper reports current research based on quasi-simultaneous mobile 5 Mchps pseudo-noise channel soundings at 
centre frequencies of 37.8 MHz, 57.0 MHz, and 77.5 MHz.  Results, including temporal fading, Doppler, rms delay 
spreads, and frequency correlation characteristics are reported. 
 
EQUIPMENT AND MEASUREMENTS 
 
One application of segmented wideband communications systems (SWCs) could be for the provision of high data rate 
communications in temporary emergency or tactical military operations.  In such situations, it is desirable to establish 
base stations quickly.  The possibility of using low antennas that can be erected using minimal resources and without 
permission of land and building owners is therefore of considerable interest.  The work reported herein thus focuses on 
the use of temporary base stations, with antennas raised to only a few metres above ground, and in close proximity of 
each other.  Specifically, the measurement system transmitter was housed in a closed-in utility-type trailer of 
approximate dimensions equal to 2 m long, 1.8 m wide, and 1.8 m high.  A separate laboratory-constructed vertical 
quarter wavelength monopole with 4 drooping radials was used for transmission in each of the three bands under study, 
and all three antennas were mounted at approximately 1 m above the Tx trailer roof.  Each antenna was tuned in-situ on 
the trailer roof, with the other two antennas present.  In-situ radiation patterns, however, have not been measured.  The 
Tx block diagram is shown in Figure 1, where it can be seen that a stable clock was used to generate a 511 chip PN 
sequence and BPSK modulate a 70 MHz IF oscillator signal.  The modulated 70 MHz signal was then up-converted to 
each of the three centre frequencies.  Transmission was at an antenna input power level of +42 dBm at all frequencies, 
and all transmitters ran continuously. 
 

 
Figure 1. Block diagram of the measurement system transmitter. 

 



At the Rx (Figure 2), the off-air signals are filtered and pre-amplified separately, then down-converted sequentially in 
time to a 70 MHz IF by switching the downconverter local oscillator source among the outputs from three ultra stable 
phase locked oscillators and a 50-ohm termination to allow for quasi-simultaneous sampling of the complex baseband 
received signal in the three bands.  The Rx was mounted in a minivan, which was driven at typical traffic speeds.  Rx 
antennas were laboratory-constructed quarter-wavelength whips mounted on the vehicle roof, and each was tuned in-
situ, with the other two antennas present.  Receive antenna patterns were not measured. 

 
Measurements were conducted in a suburban area of Ottawa known as Bell’s Corners.  The Tx station was set up in a 
parking lot in close proximity to a busy thoroughfare.  Data recordings were made while driving the minivan through 
the surrounding older, treed, residential area, as well as along two intersecting thoroughfares.  Commercial buildings 
along the thoroughfares ranged in height from 1 to 5 storeys, while residential buildings were a mixture of one and two 
storey, mostly wooden dwellings.  The area is flat.  Measurement routes were maintained within 1.5 km of the Tx 
station to ensure a good SNR at the Rx.  The complex baseband received signal was recorded in snapshots at a rate of 
25 snapshots/sec in each frequency band, which is much higher than anticipated Doppler spreads. 
 
Data Analysis 
 
Channel impulse response estimates (IREs) were derived by cross-correlating recorded complex data with sequences 
recorded separately in each band when the measurement system Tx and Rx were connected back to back in the 
laboratory.  IRE time series for each frequency band were stored and subsequently reloaded for direct analysis or 
frequency domain analysis after Fourier transforming each IRE to obtain a transfer function estimate (TFE).  Noise 
exclusion thresholds in recovered IREs were set primarily by visual inspection for this first series of measurements, and 
these ranged from about 25 dB to 30 dB.  Windowing was also used to eliminate information in impulse response 
estimates from beyond 200 samples, or 20 µs excess delay. 
 
Initial Observations 
 
Information equivalent to that which would be obtained from CW measurements was obtained by analysing the 
behaviour of distinct spectral lines in TFE time series.  Figure 3(a) shows such time series for the spectral line at 860 
kHz above each of the 3 Tx centre frequencies.  These data were derived from recordings on a quiet residential street 
about 1 km from the Tx.  Vehicle speed during this run was approximately 40 km/hr, and the 6 seconds of data in the 
figure represent approximately 60 m of travel in a direction of approximately 135 deg. with respect to the Tx.  The 
corresponding sample cumulative distribution functions (cdfs) are given in Figure 3(b), along with a Rayleigh cdf, 
plotted for reference purposes. 
 
It can be observed clearly from both the figures that the depth of fading increases with frequency.  This was found to be 
typical.  It can also be observed that the slow fading patterns are different at the three frequencies.  This could be a 
result of both differences, as well as changes in the numbers and angles of arrival (AOAs) of multipath components 
(MPCs) in the three bands. 
 

 
Figure 2. Block diagram of the measurement system receiver. 



(a) (b) 

Figure 3. (a) Envelope time series.  (b) Estimated envelope cdfs. 

 
To further investigate reasons for the differences in fading in the three bands, Doppler spectra, which are functions of 
AOAs and multipath power, were computed.  Time series of spectra were constructed from overlapping data segments 
of 4 seconds in length.  The overlapping was applied to give some degree of spatial soothing to minimise false spectral 
components at the transition between segments.  Figure 4 shows the results for the same spectral line examined in 
Figure 3. 
 
The subplots indicate the reception of a steady dominant wave component in all three frequency bands.  This was 
confirmed to be from the direction of the transmitter.  It can also be seen that the angular spread of received MPCs was 
greatest at 77.5 MHz, and least at 37.8 MHz.  This is believed to be a result of either or both of two physical 
phenomena.  The first of these is diffraction around interacting objects (IOs), which imparts lower loss at the lower 
frequencies, with the result that the direct signal from the Tx has greater power at 37.8 MHz.  The second contributing 
phenomenon is that by which there is more specularly-reflected energy as the operating frequency increases because 
there are more objects in the environment that are large enough in comparison with a wavelength to act as good 
reflectors.  This is also considered to be a contributor to the fact that energy is received at the higher frequencies from a 
wider range of AOAs, as evidenced by the fact that the widths of the Doppler spectra increase as frequency increases.   
The MUSIC algorithm was also applied in the analysis of the data at distinct spectral lines, and results are largely in 
agreement with the foregoing.  For example, scatter plots of angular spread leave no doubt that this increases with 
frequency.  However, because of uncertainties regarding vehicle speed and therefore virtual antenna element spacing, it 

 
Figure 4. Doppler spectra time series (amplitude scale is in dB with respect to the spectrum peak). 



was considered prudent to save reporting of higher resolution results until more certainty could be achieved. 
 
Corresponding to the greater angular spreads, one would expect rms delay spreads to be larger, coupled with a greater 
degree of frequency selective behaviour at the higher frequencies.  In the absence of modelling to confirm validity of a 
wide sense stationary uncorrelated scattering (WSSUS) assumption, the latter can be quantified by reporting the 
volumes of bandwidth-normalised two-dimensional frequency correlation functions (2-D FCFs), as described in [1]. 
Figure 5 shows scatter plots of both these measures. 
 

 
The figure indicates that rms delay spreads at 37.8 MHz are lower, leading to greater normalised 2D FCF, as 
anticipated.  It is interesting to note, however, that while the 57 MHz rms delay spreads are significantly greater than the 
77.5 MHz rms delay spreads, the values of FCF volume above the median are greater at 57 MHz than at 77.5 MHz.  
This could be a result of the fact that the channels don’t, in general, follow a WSSUS channel model.  It could also be a 
result of nonstationarities in the measured data. 
 
SUMMARY 
 
It has been shown that there are fundamental differences in the propagation mechanisms that lead to reception of mobile 
VHF signals in suburban areas from low base station antennas, typical of those that might be exist under emergency 
conditions.  It is hoped that future work can take advantage of diversity associated with these differences in the design 
of segmented wideband signalling schemes that are robust to propagation-related channel impairments. 
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Figure 5.  Scatter plots of rms delay spread and frequency correlation results. 
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