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Fig. 1. Typical Data From ARTS III Extractor.
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Fig. 2a. Typical Aircraft Tracks IFR Aircraft in the PCA.,
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Fig. 2b. Typical Aircraft Tracks VFR Aircraft,
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Fig. 31. Reflector Location and Orientation - Boston.
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observed at several other ARTS III installations. Due to the relatively high
power and sensitivity of the Boston I/R, and the presence of a very large
number of small reflectors on the horizon at relatively great distances
(typically 2-3 nmi), a single aircraft frequently causes a large number of
false targets at many azimuths within the timespan of a few scans. Since the
reflecting surfaces are distant, and are fairly low on the horizon (Figure 32b),
the volume of airspace they illuminate is restricted to within a few hundred
feet of the ground. Thus only aircraft on takeoff or final approach (or on the
airport surface) are involved.

Observation of the PPI while a single aircraft was on final approach to
runway 4R (with no other aircraft in the vicinity) revealed several dozen false
targets (many of which were declared by ARTS III), apparently all produced
by that aircraft, occurring within about a.minute of touchdown; the PPI screen,
displaying only ATCRBS video (conventionally decoded) bore a marked re-
semblance to the electronic scoreboard at the Houston Astrodome when a
home run has been hit! The false targets occurred at ranges between one
mile and ten miles; actual aircraft slant range from the radar was less than
one mile; for some reason,* the actual aircraft position was not displayed
during this period. Frequent multiple replies were observed on individual
sweeps; the effect of this is to generate radial lines (strobes) on the display.

Further discussion with radar maintenance personnel revealed that

while most of the reflecting obstructions are low on the horizon, the one

*Probably overloading or STC operation; ARTS III is equipped with a minimum
range filter, but this was not in use at the time.
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azimuthal direction where relatively tall reflecting objects (the skyline of
downtown Boston, see Figure 32b) are present is the direction where most
arriving traffic appears. Blockage and shielding of distant aircraft due to
these buildings has necessitated operation at fairly high power (typically
650 W peak) and high sensitivity (better than -92 dBm). Of course, the high
power and sensitivity cause numerous false target mechanisms which would
ordinarily be unnoticeable to become quite noticeable and objectionable.
Extractor - derived data was examined for this phenomenon during two
departures on runway 22L.. Both aircraft were squawking discrete codes,
and were tracked from initial entry onto the runway to several miles beyond
takeoff. All false replies were noted and recorded for each. Figures 33 and
34 are plots (one for each aircraft) of false reply locations, (in range and
azimuth) over approximately twenty scans centered on takeoff. No false
replies were noted outside this interval. The dotted lines connect multiple
replies occurring during single sweeps; phantom replies, which occur when-
ever pulses in the various false replies bear the proper time relationships
to one another to be mistaken for legitimate brackets, were removed from
the data prior to plotting. e Note that multiple replies at different ranges were
frequently received on each sweep whenever a reflection mechanism was active.
The reason for this can be seen from the geometry shown in Figure 35, The
aircraft are so close to the interrogator that their replies to reflected inter-
rogations are received over direct line-of-sight through the antenna sidelobes,

as well as back over the reflecting path, and in through the mainbeam.,

*ARTS Il includes automatic phantom-elimination circuitry. However, this
functions effectively only when both replies causing the phantom are success-
fully decoded. This was not always the case, since the reflected replies were
apparently quite distorted.
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Fig. 32; Panoramic Photographs.
a, Andrews AFB (1).
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Fig. 32. Panoramic Photographs.
a. Andrews AFB (2).
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Fig. 32. Panoramic Photographs.
b. Boston (1).
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Low-Altitude Aircraft.



While the same factors that were discussed in connection with the
Andrews data limit the accuracy with which the reflectors at Boston can be
located, several additional factors warrant consideration., As mentioned,
although aircraft position was known upon initial takeoff roll and after de-
parture, ARTS III did not declare actual target locations in between. This
necessitated interpolation of the fourteen aircraft positions surrounding
actual takeoff. Declared position (rather than tracker-derived position) was
used exclusively, where available. Position was corrected to account for
the time difference between the beginning of a scan and the instant when the
aircraft was seen by ATCRBS; the positions shown in Figure 36 are those of
the aircraft at the beginning of each scan. The interpolation procedure
assumed uniform horizontal acceleration from the smoothed velocity observed
immediately prior to loss of target up to the velocity observed on departure,
when actual target reports resumed. (In both cases, targets were at essenti-
ally constant velocity when they were reacquired by ATCRBS.) In both cases,
the point at which departure velocity was reached (where horizontal accelera-
tion stopped) occurred one or two scans after takeoff,

Although horizontal position was not directly measured during the few
scans around takeoff, altitude information was available, since both aircraft
were Mode C equipped, and Mode C data came through successfully with the
false replies. Thus, the takeoff point and altitude could be accurately deter-
mined. Corrections for slant range were made while the aircraft were in
the vicinity of the radar. In the case of one aircraft, after position had been
interpolated, it was discovered that the aircraft was replying to sidelobe in-
terrogations (causing ring-around) throughout its takeoff. Range determined

from ring-around replies agreed well with calculated positions.
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Table 10a. Parameters of Reflectors Observed Around 1720.
(In order of increasing BR. )

BR RR GI GS
(degrees) (nmi) (degrees) (degrees)
169. 45 8.8 14 +1.8
170.5 8.8 11.5 +6.3
170.5 10.5 13 +4.8
170.9 9.2 3.7 - 21
171.2 9.4 13..5 + 3.8

171.21 10.1 13.2 0

171.5 10.0 11.5 B:1
171, 9.0 10, 2.0
171.9 8.0 11.6 3.33
172.1 85 12, 3 0

172.3 6.5 1l.3 -6.8
172.3 6.8 11.4 = Fw
172.3 9.0 12. + 5.2
172. 7 6.1 9.5 = 0,9
173.1 52 10.1 - 3.9
174.0 Haid 9 = 352

Table 10b. Parameters of Reflectors Observed Around 1930.

BR RR GI BS
(degrees) (nmi) (degrees) (degrees)
194, 9.3 14.5 +3.8
196. 3 9.1 8.3 +2.45
196.9 8.9 8.4 ~ 3.9
197.2 10.9 7.6 +9
197.6 10.1 8. 0
197.6 9.9 8. - 0.84
198.5 9.8 12,2 +:3, 72

Note: Parameters defined in test and depicted in Figure 37.
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