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Fig. 4.1. Effect of Antenna Diversity on Ocean Scattered Multipath
(Log-Video Photographs). -
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Fig. 4.2. Effect of Antenna Diversity on Land Scattered Multipath
(Log-Video Photographs).
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Fig. 4.3. Comparison of Land and Water Scattered Multipath (Log-Video
Photographs With Long Time Scale).



The first two reply pulses were transmitted from a bottom antenna while the
second two were transmitted from a top antenna. The bottom trace in each
photograph shows signals received on a bottom antenna while the top trace
shows signals received on the top antenna. The left most pulses in each
trace represent the two interrogation pulses. On each bottom trace, back-
scattered muitipath was observed directly following each interrogation

pulse. Note that the backscatter is stronger by approximately 6 dB for the
rough land surface than for the relatively smooth water surface as would be
expected. Scanning the pictures from left to right, the third and fourth
pulses (spaced 55 usec apart) are the first two direct pulses. Fig. 4.3a
presents the multipath return from the water as a concentrated spike of
energy (occurring shortly after the direct pulse), very strong (comparable

in strength to the direct pulse) for the bottom-to-bottom antenna combination,
but much veaker for the other antenna 1inks. Fig. 4.3b shows that the multi-
path return over land was much weaker than the water reflected multipath and
much more dispersed in time. The bottom-to-bottom signals show that land
scattered multipath can persist for as much as 35 to 40 usec, although at a
very low relative signal strength. The last two pulses in each trace show
the direct pulses transmitted from a top antenna. The top-to-bottom and
bottom-to-top antenna combinations exhibited much weaker multipath than the
bottom-to-bottom link for both surfaces. Virtually no multipath was observed

on the top-to-top combination for both surfaces.
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4.2.2 System Description

The aircraft used in the program were a twin engine Navajo Chieftain
and a single engine Beech Bonanza. The Navajo Chieftain was equipped with
a set of top and bottom mounted L-Band antennas, a mode D interrogator unit,
and the airborne subsystem of a digital processing/recording device known
as the Airborne Measurement Facility (AMF). Fig. 4.4 is a photograph of the
AMF (Ref. 1). This device was developed at Lincoln Laboratory for the pur-
pose of gathering data on the RF environment at the ATC frequencies of 1030
MHz and 1090 MHz. The AMF records aircraft state data (heading, altitude, etc.)
and navigation (VOR-DME) information as well as pulse data. Data from several
data runs were recorded on a single high density instrumentation tape. The
Mode D interrogator unit used a relatively low power (52 dBm) output stage.
The interrogations were transmitted at a 20 Hz repetition rate.

The Beech Bonanza was equipped with a Crosslink Transponder Unit (CTU)
and a set of top and bottom mounted L—Bandlantennas. The CTU was specially
designed at Lincoln Laboratory for the multipath measurements. It used a
modified King 76/78 Transponder RF receiver section and a high power
(63 dBm) APX-76 transmitter. Defruiter logic was included so that the

transponder could track the mode D interrogations from the Navajo. If the
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Fig. 5.1. Ocean Scattered Multipath (Log-Video Photographs).
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Fig. 5.2 is a time~raster plot showing multipath tracks from signalé
scattered from a calm ocean surface. The vertical scale shows the times of
the external trigger pulses which enabled the recording circuitry for a 500
usec period. Since the external trigger times and the interrogation times
were related by -a fixed time offset) the vertical axis also provides a scale
of the interrogation times from the beginning of the flight, at the bottom
of the figure, to the end of the flight at the top. The horizontal axis
shows time in psec as measured across the 500 psec recording window associated
with each external trigger. Each dot on the plot represents the occurrence
of a pulse sample received by the AMF on the bottom antenna. Thus, for a
particular external trigger time on the vertical scale, the dots viewed while
scanning horizontally from left to right show the time distribution of pulses
received during the associated recording window. The data evolves sequentially
in time from left to right andlbottom to top. The dots form four continuous
pairs of pulse tracks representing four sets of direct pulses and associated
multiﬁath signals. As indicated in the figure the first two direct pulse
tracks were due to bottom antenna transmissions while the last two were from
top antenna transmissions. The tracks diverge from the vertical axis indicating
the divergence of the aircraft flight paths. The variation of multipath delay
with range is clearly indicated by the convergence of the direct and.multipath
trails as the aircraft range increases. Also, the width of the multipath
trails illustrates the time dispersion of the multipath signals. (A comparison
of Fig. 5.2 for the calm ocean with Fig. 5.34 for a rough land surface shows

the variation in multipath dispersion with surface roughness).
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