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3.0 SHADOWING AND DIFFRACTION

3.1 Obstructions

Man-made and natural obstacles surrounding the Mode S site can cause both
a serious fade in the link signal strength resulting in noise-induced errors
and a sizeable azimuth error in the position estimate of aircraft flying
behind the obstruction. Signal blockage on both the uplink and downlink can
result in either marginal or no coverage for several scans and seriously
impair the capability of the Mode S sensor. In addition to shadowing, the
obstruction will cause diffraction of the downlink signal wavefront from
aircraft whose line-of-sight is in close proximity to it. Serious diffraction
can cause a sizeable error in the Mode S azimuth position and cross track
velocity estimate of the aircraft. :

3.2 Signal Fades Due to Man—-Made Obstructions

The primary cause of blockage in a terminal enviroment are man-made
obstructions such as towers, buildings and smokestacks. In heavily populated
urban areas the proximity of these structures to an airport-located sensor
could provide destructive interference to Mode S surveillance of aircraft up
to a few degrees elevation. As an example Figs. la and 1lb illustrates the
Boston skyline (typical of many terminal locations) as seen from the ASR at
Logan Airport. Most of the buildings in one particular 11 degree azimuth
sector exceed 1 degree elevation and some extend to 2.5 degrees. Fig. 2
typifies the character of signal fading caused by an obstruction, in this case
the Prudential building in Boston, in which the aircraft is below the top of
and at considerably greater range than the structureZ, The building is 220
feet wide, 22000 feet from the sensor and extends to 2 degrees elevation. The
variation of the fade pattern as a function of aircraft offset from the
midpoint of the obstruction as illustrated in Fig. 2 (i.e., a midpoint lobe
surrounded by deep nulls) is characteristic of all isolated and geometrically
simple structures except that the width of the structure will determine the
frequency and number of fade nulls. Fig. 3 is a plot of the approximate
relationship between the deepest null value and the obstacle range for
different obstacle widths. Generally the fade at midpoint is one-half the
value of the deepest fade.

The following general comments relative to the Prudential example can be
made concerning the relationship of signal fade to the obstacle dimension and

to the obstacle and the aircraft range.

a. An increase in obstacle width for a given range will
result in deeper fades and will increase the number and

frequency of fade nulls.

b. A decrease in obstacle range for a given width will
increase the amount of fade.
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Flig. 1a. Highrise Buildings (Part of Boston Skyline As Seen From Logan Airport).
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Fig. 1b. Highrise Buildings (A Second View of Part of Boston Skyline
As Seen From Logan Airport).
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Fig. 2. Fade Cast by the Shadow of the Prudential Building As Seen From Logan Airport.

Obstacle Width and Range Are 220 Feet and 22000 Feet Respectively
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4.0 VERTICAL LOBING

Flat surfaces surrounding the terminal or enroute sensor give rise to
in-beam reflections which result in lobing nulls in the antenna elevation
pattern and causing serious link fading in the direction of the resulting
nulls. The current hogtrough antenna with its broad elevation pattern at
horizon is particuarly susceptible to ground reflection and, in this regard,
should be sited with extreme care. On the other hand the Mode S five foot
open array has an improved lower edge cutoff that makes it less sensitive to
the reflecting surface. Fig. 13, which illustrates the advantage of the open
array in this regard, is a plot of the envelope of gain minima (lobing nulls)
for each antenna as a function of elevation angle and for the following two
extremes of surface condition; a flat grass surface of infinite extent which
is relatively reflective (causing deep nulls) and, a smooth water surface of
infinite extent which is relatively absorptive (causing shallow nulls). The
remaining surface conditions found around most terminal and "flat" enroute
sites generally fall somewhere between these two extremes. For the
simplifying assumption of a flat surface of infinite extent the plots in Fig.
13 indicate that the open array has a 7 dB to 15 dB advantage in lobing minima
with respect to the hogtrough antenna. Most airports however do not have
surrounding flat surfaces of unlimited extent. A study3 indicates that for a
good fraction of the bearings around several large airports, flat earth
extends to 5000 to 20000 feet. A limited reflecting surface produces
diffraction that further modifies the effective gain of the antenna. The
impact of this limited surface on lobing minima is generally favorable at
elevation angles above 0.5 to 1 degree, i.e., the lobing nulls are not as
deep, especially for antennas with underside cutoff. Below 0.5 to 1 degree
elevation the effect of limited surface diffraction may in some instances
produce lobing minima deeper than those associated with a reflecting surface
of unlimited extent, particularly so for antennas with small or no underside
cutoff. This further reinforces the advantage of the open array over the
hogtrough antenna. Siting of the Mode S sensor at a high elevation in order
to reduce obstacle shadowing and diffraction induced azimuth errors will also
have a desirable advantage with regard to the lobing minima. Reference 3
points out that in a limited surface environment and for antenna heights above
50 to 80 ft., the minimum gain of the antenna will tend to increase (improve)
as the antenna height is further increased. A hilly en route site or a
terminal site with rough terrain or narrow small obstructions immediately
surrounding the sensor will experience appreciable shadowing and scattering of
the reflected field. At these locations vertical lobing should not be a
significant factor in the coverage or performance of the sensor.
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Fig. 13. Envelopes of 5§ Foot Open Array and Hogtrough

Antenna Lobing Nulls for Flat Grass and Water Surfaces

















