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PREFACE

This report describes the results of two final investigations which
were accomplished as part of the PAR Auroral Studies. This effort was
performed for the U. S. Army Ballistic Missile Defense Systems Command in
Huntsville, Alabama, under Contract No. DASG60-74-C0026. PAR Auroral
Study, Volume VI, dated December 10, 1976, is the final volume is the PAR
Aurora Studies series, and this volume constitutes M&S Computing's
Report No. 76-0075.

Both of the study topics discussed in this volume are of significance to
the designers of certain types of radar systems. The first subject deals with
the potentially more serious problem of sidelobe blanking in aurora. The
second describes a study to determine the level of PAR band noise generated
in conjunction with aurora.
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) INTRODUCTION

This is the sixth and final volume in a series of reports describing
the PAR Auroral Studies. The purpose of this study is to determine the
effects of the aurora borealis on the operation of the U. S. Army Perimeter
Acquisition Radar (PAR) in North Dakota. It is hoped that the results of this
effort will be beneficial to the designers of future radar systems and that
much of this information will be of interest to the scientific community.

Much of the backg;ound for this report was described in Volume I of
the series [1]. Without reference to Volume I, portions of this discussion
may seem ambiguous. It is therefore recommended that the reader be
familiar with Volume I. Volumes II, III, IV, and V [2, 3, 4, and 5] also
provide valuable supporting material. Each volume is available from the
U. S. Army Ballistic Missile Defense Systems Command in Huntsville,
Alabama.,
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2. EFFECTS OF SIDELOBES ON THE OPERATION OF THE PAR
IN AURORA

It has been observed that the effective radar cross-section per unit
volume, or reflectivity, of the aurora can reach relatively high levels. This
reflectivity is, however, frequency dependent and is highest at the lower
frequencies, dropping off from its peak only slightly in the 450 MHz operating
region of the PAR, These high frequency levels, which have been observed
to exceed 10-9 m /m3, result in large effective radar cross-sections and
very strong echoes, not only in the radar main beam but in the sidelobes.
Auroral echoes in the sidelobes can easily be as strong as main beam echoes
from normal targets (<C20dB s/n) such as satellites.

Sidelobe echoes from the aurora affect the radar in two primary ways.
First, these echoes may be superimposed on main beam echoes from the
same range thus degrading the measurement of the true amplitude and position
of the main beam target. This problem is especially severe when the auroral
echo power in the sidelobe is of the order of magnitude of the echo power
from the main beam target. This degrading effect was analyzed in more
detail in Volume V of this series [5]. Unfortunately, there is no way of
counteracting the effects of this type of sidelobe echo. The second major
effect of auroral echoes in the sidelobes occurs when these echoes are
detected independently of main beam returns and are treated as targets or
potential targets. In the extreme case, it is possible that the auroral echoes
could be detected, tracked, and mistaken for a threatening object. The
probability of this situation is, however, slight. The biggest problem is
that there may be so many of these echoes that the radar signal processor
and controlling computer may become overloaded or seriously degraded
by the excessive throughput requirements. A potentially serious problem is
that the radar has no way of determining that these echoes come from the
sidelobes.

Furthermore, when processing these returns, the location of the
reflecting region is determined based on the pointing angle of the main beam.
Sidelobe echoes will thus be mislocated, often by hundreds of kilometers.

Independent sidelobe echoes, such as those just described, can be
controlled with various levels of success by using a sidelobe blanking
system. For the PAR, this equipment is called a Q-channel. This Q-channel
does a very good job of blanking unwanted sidelobe echoes from point targets
such as satellites, but its effectiveness if reduced by the aurora, thus
creating a worst-case operating situation for this equipment. It is the intent
of this section to discuss the results of M&S Computing's investigation of the
level of performance achieved by the PAR Q-channel during periods of
auroral backscatter. Portions of the discussion presented in this section
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are extracted from M&S Computing Report No. 75-0023 [6], which identified
in detail the techniques employed in developing an improved Q-channel
blanking pattern.

21 The Principal of Q-Channel Operation

It is an inherent characteristic of all practical radars to have
antenna sidelobes or regions of secondary maxima at directions other than
the primary lobe or main beam. Figure 2-1 shows a 0° aximuth cut of the
PAR receive sum channel for the S1 or center beam. The Q-channel is
simply a special antenna and receiving system which provides a reference
pattern. This Q-channel antenna pattern is designed such that ideally its
gain, at all angles, is greater than that of the sidelobes. Thus, if a target
is at any angle other than that of the main beam, the echo power measured
at the Q-channel will be greater than that from the main receive channel.
The signal processing hardware employs this comparison on a continuous

- basis to eliminate independent sidelobe echoes. This ideal Q-channel would

have an omnidirectional antenna pattern such as shown in Figure 2 -1, and its
receiver/signal processor would generate extremely low internal noise. The
design of an omnidirectiohal Q-channel was undertaken; however, the resulting
hardware did not prove satisfactory.

The original PAR Q-channel was a single element from the PAR array.
In an ideal environment, a single element would have a power pattern closely
approximating a cos @ curve (where @ is measured from the array normal).
(See Figure 2-2 for a three-dimensional plot (in dB) of a cos® power pattern.)
In its actual setting at the PAR, however, the pattern for the Q-channel
element showed erratic behavior and was deemed to be unacceptable for two
reasons:

o The original Q-channel demonstrated relatively high noise
levels. This is partially due to the extremely high amount
of RF gain required to raise the Q-channel signal strength
above the main receive beam first sidelobe level.

o The original Q-channel pattern was not ideal. It exhibited
a considerable depression at lower elevations. This was
attributed to the high level of ground reflections experienced
at PAR.

Excellent documentary evidence, including actual radar Q-channel

(element) patterns, was obtained during the PARPATS tests in which a
beacon-carrying aircraft was used to generate signals as PAR-collected data.
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MAIN ARRAY AND IDEAL Q-CHANNEL PATTERNS
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Fortunately, the previously mentioned element pattern distortion was not

identical for each of the PAR array antenna elements, Furthermore, the

tests showed that the irregularities over the entire array averaged out to

produce an acceptable cosine pattern. Unfortunately, however, the single
element Q-channel is not acceptable.

2.2 Subarray as a Q-Channel Antenna

As a solution to the problem, Bell Telephone Laboratories (BTL)
suggested using a complete subarray of 24 elements as a Q-channel. The
subarray could be steered with the main array and would always provide a
smooth blanking threshold for the close-in sidelobes. This suggestion has
been implemented at PAR, and has resulted in two immediate improvements
in performance:

o The effects of ground reflections and certain other
disturbances are reduced because the subarray pattern
is directional, and the multiple elements tend to average
out any irregularities.

o The signal-to-noise ratio at the Q-channel Comparator
inputs is increased since the subarray has much higher
antenna gain than a single element; thus, less down-
stream RF gain is required than before.

The subarray Q-channel does, however, have one major advantage.
Since it is a multielement antenna, the Q-channel has its own arrangement
of several sidelobes and associated nulls (Figure 2-3). No blanking can
be provided at these null locations. Due to the geometry of the array, these
nulls in the subarray pattern are located in the vicinity of several relatively
high-amplitude main array sidelobes (referred to here as vestigial grating
lobes). An example of this situation is shown in Figure 2-4 and 2-5,

The full PAR antenna pattern exhibits 22 such vestigial grating
lobes. The location of each grating lobe relative to the main lobe at normal
array is shown in Figure 2-6. This figure was generated by mapping the
contours of regions which were not blanked by the Q-channel, thus revealing
the main beam (center) and vestigial grating lobes.

2.3 A Proposed Q-Channel Improvement

M&S Computing recognized the possible impact of video detections,
particularly auroral clutter, occurring in these unblanked vestigial grating
lobes, and proceeded to develop a set of phase-tapering constants, used
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UNBLANKED REGIONS IN FULL PAR S1 PATTERN (UNMODIFIED SUBARRAY)
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in beam steering, which would smooth out the subarray nulls and, at the

same time, provide adequate blanking of the close-in sidelobes without
serious degradation to receiver sensitivity. The details of the development
process and the subsequent testing of the phase taper at the PAR are presented
in M&S Computing Report No. 75-0023 [6].

The immediate Q-channel pattern resulting from implementation of
the phase-tapering constants is shown as the lower curve in Figure 2-7.
This lower curve eliminated the nulls exhibited in the original Q-channel
pattern of Figure 2-4, but the overall antenna gain was decreased as a direct
result of the tapering process. This left a number of sidelobes penetrating
the Q-channel threshold and, thus, unblanked. There existed, however, a
means to compensate for this loss by increasing the RF gain of the Q-channel
through adjustment of an existing variable attenuator. Simulations and live
tests showed that this technique would result in the Q-channel being capable
of blanking all sidelobes. The upper curve of Figure 2-7 shows the immediate

- effects of tapering and the effects of adjusting the attenuator (adding gain).

The reference gain exceeds the gain of all close-in (less than 45°) gidelobes.
Figure 2-8 shows vividly how much the pattern has been smoothed in
comparison to the original subarray Q-channel shown previously in Figure 2-4.

After increasing the RF gain of the Q-channel, only a few minor vesti-
gial grating lobes remained unblanked. Four remained unblanked in the center
(S1) pattern as shown in Figure 2-9. The S2 and S3 patterns each had six
grating lobes unblanked as shown in Figure 2-10. The remaining unblanked
vestigial grating lobes, which are far from the main beam, are no problem
because their superimposition with the element pattern reduces their gain
to a negligible level,

Implementation of this or a similar pattern would significantly
improve the false-target-rejection capability of the radar, but the gain
of the Q-channel by adjusting the attenuator would, at the same time, result
in direct but slight reduction in the sensitivity of the radar. This loss in
sensitivity would, however, be regained indirectly by the response of the
Automatic Constant False Alarm Rate (CFAR) process. The decrease in
false alarms due to improved sidelobe blanking by the proposed Q-channel
modification would result in a lowering of the noise blanking threshold and,
thus, promote as associated improvement in sensitivity.

2.4 Performance of the Q-Channel in Aurora

In the presence of normal targets, such as satellites, the gain of the
unblanked vestigial grating lobes is sufficiently low, and the target size is
usually so small that the probability of sidelobe detection of the targets

=
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UNBLANKED REGIONS IN FULL PAR S1 PATTERN (X24Y27 SUBARRAY)
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UNBLANKED REGIONS IN FULL PAR S2 OR S3 PATTERN (X24Y27 SUBARRAY)
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is remote. The tremendous cross-section presented by the aurora can,
however, result in a great many detections in the unblanked sidelobes.

In order to investigate the extent of this effect, an =xperiment was proposed
which was intended to demonstrate the ability of the modified Q-channel to
blank unwanted sidelobe returns from the vestigial grating lobes. This
experiment consisted of periodically alternating, at frequent intervals, between
the modified and unmodified Q-channel antenna patterns and then statistically
comparing their performance differences. A simple technique was developed
allowing this change to be made quickly by software control and by adjustment
of a single attenuator. Unfortunately, however, on the only occasions when

the auroral reflectivity was high enough to assure a valid test, the attenuator
adjustment was not made, thus the Q-channel reference threshold was

never raised as needed. The lower curve in Figure 2-7 shows the relationship
of the Q-channel to the main beam antenna patterns. Thus, the experiment
failed because at this gain level the close-in sidelobes penetrated the Q-channel
threshold. This caused the performance of the modified Q-channel to appear
worse than the original.

Even though this test failed, other techniques were available to
evaluate certain performance features of the existing Q-channel. From
these results, it was possible to surmise the effects of blanking by the
proposed improvements. The technique employed in this analysis is prac-
ticable because the characteristics of the antenna patterns are known quite
precisely. The key information available is the relative location and relative
gain of the main beam and each vestigial grating lobe. During normal
operation, the main beam is scanned over the entire reflecting region. During
this period, some of the sidelobes will also be steered in the direction of ;
the aurora, resulting in numerous returns. Due to the much lower gain H
of these sidelobes, the resulting echoes will be much smaller than the
main beam echoes. By analyzing the distribution of reflectivities observed
during any scan, it is possible to predict how may of these echoes might have W
originated from the unblanked vestigial grating lobes.

Previous study of the sidelobe levels present in the PAR power
patterns indicated that the highest amplitude vestigial grating lobe was
nearly 33 dB below the main lobe. The two-way transmit/receive pattern
reduced this effective grating lobe level to approximately 66 dB. This means
that the largest echoes from the vestigial grating lobes would be about 66 dB
lower than main beam echoes from the same reflecting regions. The
amplitude of any detected echo must also exceed a noise blanking threshold
set at a level of approximately 10 dB s/n., Considering this threshold, it
would be expected that in order to have detectable (10 dB s/n) echoes from
the vestigial grating lobes, there would have to be regions of auroral
reflectivity which would yield echoes of better than 76 dB s/n in the main beam.
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From the distribution of detected echoes, the largest come from
the main beam and only the smaller ones, usually less than 15 dB s/n, come
from the sidelobes. Few sidelobe echoes would be expected if the maximum
echoes were under 76 dB s/n.

The auroral backscatter data from the measurements made during
the night of March 31, 1976, (April 1, 1976, u.t.) yielded raw s/n ratio
peaks well in excess of the 76 dB minimum amplitude requirement established
in the preceeding paragraph. In fact, return amplitudes of approximately
101 dB s/n were observed. Figure 2 -11 shows a histogram of all returns
detected during Scan 807 (10:24: 45-10:25: 13 u.t. April 1, 1976). The
frequency of occurrence of the larger s/n detections is masked by the high
frequency of occurrence of the smaller amplitude detections. Figure 2-12
is an expanded histogram of the high amplitude video detections with s/n
ratios from 72-102 dB. Thirty dB of attenuation had been added to the signal
processor front end to reduce the signal level below the signal processor
. saturation level. Figures 2~13 through 2-16 show additional samples of
high amplitude detections with 12 dB front-end attenuation,

In Section 2. 2, the 22 vestigial grating lobes which penetrated the
Q-channel blanking pattern were described. Only the three grating lobes
shown in Figure 2-17 need be of further concern. The remaining grating
lobes are sufficiently far from the main lobe or oriented in such positions
as to prevent them from being scanned into a region of strong auroral
reflectivity.

At low elevations angles, when the main lobe is scanning the
auroral volume, the vestigial grating lobes indicated in Figure 2-17 are
steered into the ground or just below the auroral volume. However, as
the main lobe is steered through elevations from +30 to +16° with respect
to broadside (28° to 41° with respect to ground), these vestigial grating
lobes are scanning the auroral volume. With intense auroral activity,
as has already been shown significant sidelobe detections may be expected.
Upon being processed and graphically displayed, these vestigial grating
lobe returns will create a ghost image at the elevation where the appropriate
sidelobes begin to scan the reflecting region. Main beam auroral echoes
are limited by range-gate masking of all echoes from the auroral volume,
but the ghost image just described extends outside of this volume so that
these ghost echoes would not be eliminated. With a thin arc centered at
an altitude of 105 km, the vestigial grating lobe echoes will be processed
using the pointing angle of the main beam, resulting in an apparent (ghost)
auroral band between 200 and 350 km altitude--well above the software auroral
exclusion volume limitations. As shown in Figure 2-18, S| and S refer to
the lower and upper elevations for vestigial grating lobe illumination of the
aurora. M; and M, refer to the corresponding main lobe positions.
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It is possible to use a histogram showing the distribution of
the echo amplitude to gain some qualititive information about the echoes
from the vestigial grating lobes. Figure 2-19 shows the unaveraged
distribution of echo power from a single volume scan using echoes from the
100 to 110 km band. This effectively eliminates sidelobe echoes and the
effects of beam-divergence (see Volume V, Section 3) [5]. These effects result
in the addition of echoes of both medium and small amplitude. Echoes of
intermediate amplitude are main beam echoes which did not originate at
beam-center. The small echoes are mostly from the vestigial grating lobes.
In both cases, these echoes appear to originate at altitudes other than that
of the arc altitude of 105 to 106 km. The smaller or vestigial grating lobe
echoes appear to originate up to very high altitudes. When the histogram
is generated with data from all altitudes, as in Figure 2-20, the distribution
of the additional echoes is immediately evident. By sampling only echoes
which ""appear' to come from far above the arc, as in Figure 2-21, only
the medium and small echoes remain, and the peak from the vestigial grating
lobes is readily apparent. At very high altitudes of 150 to 160 km, only the
vestigial grating lobe echoes remain as shown in Figure 2-22.

The number of detections occurring due to the vestigial grating lobes
depends upon the relative intensity of the auroral activity. During the
measurement period on April 1, 1976, the global ap Index exceeded 125,
indicative of moderately intense auroral activity. For Scan 807, as many
as 800 detections may have resulted from vestigial grating lobe illumination
of the aurora. This would be equivalent to over 26 false detections per
second. This would result in unnecessary data processor loading and, if
some of these detections were to be verified, possible false tracks. The
remainder would be nonverifiable and thus rejected, but would certainly
cause the noise blanking threshold to be raised, reducing the sensitivity
of the radar to all targets.

The ghost image just described has been observed in many of the
auroral reflectivity maps generated as part of this study. An example is
shown in Figure 2-23.

The overall effect of sidelobe blanking can be evaluated by
turning off the Q-channel altogether. We find that removal of the Q-channel
results in an increase of approximately 10 percent in the number of returns
and a slight decrease of about 3 dB in the mean amplitude. This is a
result of the Q-channel allowing low amplitude replies from the main beam
and first sidelobes to appear. These will appear, when treated as main
beam replies, to come predominately from the lower altitudes, which
corresponds to smaller ranges and minimized beam broadening effects.
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This is demonstrated in Figures 2-24 and 2-25 which show, respectively,
a single beam trace for data with and without the Q-channel. The few
replies, shown at low altitudes for the case where the Q-channel is in the
system, result from the unavoidable statistical failures.

In addition to these replies, there are also replies which originate
in the vestigial grating lobes shown in Figure 2-17. These returns appear
only when there is an aurora sufficiently cose to the radar to be scanned
under the corresponding conditions of low range attenuation and small off-
broadside angle. Figures 2-26 and 2-27 are two examples of profile plots
showing close-in sidelobe replies. Further demonstration that these replies
are indeed due to the grating lobes can be achieved by examining previously
discussed Figures 2-20, 2-21, and 2-22.

2.5 Conclusions From the Sidelobe Blanking Study

The sidelobe blanking study was performed primarily to analyze
the effectiveness of phase tapering of the currently implemented Q-channel
subarray pattern in blanking the 22 vestigial grating lobes present in the
main beam patterns. Unfortunately, this part of the study could not be
satisfactorily performed since the requisite addition of gain to the Q-channel
receiver path was not performed. Nevertheless, the effectiveness of the
unmodified Q-channel could be evaluated. There has been no attempt to
recommend any specific changes to the PAR Q-channel, but only to point
out a source of possible performance degradation due to the incomplete
blanking performed by the existing configuration.

The primary effect of incomplete blanking is the presence of a
ghost image of the aurora outside of the auroral exclusion volume. This
results in a significantly elevated false alarm rate. The radar will attempt
to compensate for this by raising its noise blanking threshold which in
turn reduces its overall sensitivity. Further effects will be an increase in
data processor loading, the possibility of attempted tracks, and blinding
the radar to certain angles because of an excessive number of sidelobe
detections.
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3. THE EFFECTS OF AURORALLY GENERATED NOISE IN THE PAR
FREQUENCY BAND

One of the objectives of the PAR Auroral Study was to determine the
chracteristics of aurorally generated noise in the PAR frequency band. The
primary goal was to determine whether there was enough of this noise to sig-
nificantly degrade the sensitivity of the radar. Additional study tasks included
efforts to determine the spatial characteristics of any existing noise sources
with respect to geomagnetic parameters and to determine whether or not the
amplitude of this noise was related to the level of geomagnetic and auroral
activity, The data collection process consisted of stepping through the nor-
mal auroral raster scan with the transmitters turned off. Any measured
video peak would result from a combination of receiver noise, normal back-
ground sky noise, and auroral noise. A noise threshold is used in the signal
processor to eliminate video peaks which are below 10 dB s/n. Video peaks
which pass this threshold will be converted to digital format, and recorded
on magnetic computer tape for off-line processing.

Satellite observations of VLF radiation in the upper atmosphere in
polar regions have provided a wealth of material regarding VLF radio noise
generation. The scarcity of documented evidence relating to UHF radio
emissions from the aurora suggests that the aurora generates little noise
in the UHF range. An increase in noise level at the radar can occur even
if this noise is not generated by the aurora. The detected energy can result
from the reflections of signals from other sources operating in the same
band, and these bi-static reflections may be misinterpreted as radio emis-
sions originating from the auroral region.

The following discussion presents the methodology of data collection
and analysis results. The experiment to sample possible radio noise emana-
tions from the aurora was designed to provide a cold-sky reference in order .
to establish the normal background count of video peaks. This reference level
would be used later for comparison with measurements taken during auroral
activity. Measurements were to be taken several times throughout the experi-
ment, during periods of quiet auroral activity, and during the apparent peak
of auroral activity. The video peaks detected during these measurements were
recorded digitially on magnetic data tapes for off-line reduction and analysis.

Noise measurements were made on the nights of March 26, 1976, and April 1, 1976.

3.1 Reference Noise Measurement

The reference measurement was taken using the Special Search (SPSE)
function of the aurora software module.

The SPSE function executes 54 beam raster centered at a user-specified .
pointing angle. Unlike the full aurora raster, the SPSE raster may be positioned '
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anywhere within allowable visible space. Once initiated, the SPSE raster
continues to scan a six-beam-by-nine-beam volume until it is manually
terminated.

Note: The aurora software module is a specially modified version of the
tactical process which normally drives the PAR. Descriptions of
the modifications are provided in Volume I. Additional modifica-
tions were required for the Spring 1976 experiment and are detailed
in Volume III,

For this measurement, the center of the 54 beam SPSE raster was steered

to sine space coordinates a =0, f=.5000 (toward geomagnetic north at an

elevation angle of about 55°). Using a 10 dB s/n threshold, data was collected

for approximately 2 minutes, providing a sample of 192 scans of . 66-seconds ‘ :
duration each. Analysis of this data indicated a mean detection (noise return) :
rate of 1.5 per second. The data yielded the expected Rayleigh distribution 1
similar to that shown by the Histograms in Figures 3-1 through 3-3. It can
be seen that a number of measurements showed peaks below the 10 dB noise ‘

threshold. This can be attributed to analog-digital converter switching
response lag.

3.2 Measuring the Auroral Noise 1

Several times throughout the night of March 26, 1976, and again 3
on April 1, 1976, noise measurements were made using both the 54 beam
SPSE raster and the full aurora scan raster. The transmitter was
inhibited during these measurements. The SPSE raster was centered at
sine space coordinates « = , 0138, 8 = -, 3151 (roughly north at about 4°
elevation). Tge aurora raster scanned left-to-right, bottom-to-top
from 2 to 20 elevation. Data obtained during these measurements was
recorded on magnetic tape for off-line reduction.

|
3.3 Data Analysis
The primary off-line reduction resulted in the generation of plots of
sine space coordinates versus maximum intensity of returns detected at each
coordinate. It was believed that if the aurora indeed emanated noise in the

PAR band, localization of video detections in sine space coordinates might |
be evident. A complicating factor in the analysis of noise returns is the pos-
sibility of bi-static reflections which would also be evidenced by localization
of detected video peaks., Further complications may be caused by the presence
of radio stars, such as Cassiopea Alpha and Cygnus Alpha, in the field of view,

Figure 3-4 shows the resulting superposition of 172 SPSE volume scans
taken on Marsh 26, 1976, form 0423 u.t. to 0425 u.t. The density of the plot
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would at first suggest intense noise generation, but the average detection
rate for the 2-minute period was only four per second. Table 3-1 provides

a tabulation of the noise measurements made on March 26, 1976, The ras-
ter implemented for data collection is indicated by S(SPSE) or N (full aurora
scan) in the second column. For each SPSE collection period, the sine space
coordinates of the raster center are provided. Additional tabulated data
included the number of scans executed during the data collection period, the
mean number of detections per scan and per second (sum of both beams), the
manual setting of the signal threshold, and the relative activity of the aurora
as a function of the number of backscatter detections encountered prior to,
and immediately following, the noise measurement. Of particular interest
is the decreasing average per scan return rate of the SPSE scans as the
apparent intensity of the aurora increases. This phenomenon may be due

to increased auroral absorption of electromagnetic waves from the cosmic
noise sources effectively masking the noise level, or at least reducing the
intensity such that is falls below the established 10 dB noise threshold. There
is insufficient data from full-raster scans during relatively quiet aurora to
make a valid comparison,

Figures 3-5 through 3-11 show the auroral reflecting regions at approx-
imately the times the noise measurements were made. The smaller SPSE scan
from which the analysis was made was limited by the boundaries shown in these
figures.

Figures 3-12 through 3-15 present a sample of four contiguous scans
using the full raster. (Note the apparent localization of returns in the right-
hand portion of the plot.) Comparison of the average per second return rate
of these scans (7.2) withthe much smaller SPSE raster (1.2 to 3. 6) provides
little additional information since the full raster may detect signals from
radio stars as well as reflections from other sources which may not be
detected by the 54 beam SPSE raster.

The data reduced from the ¢ -periment conducted on April 1, 1976,
produced similar results. The returns exhibited a Rayleigh-like distribution
as was shown previously in Figure 3-2. The tabulated data from the noise
measurements for the full-raster scans are provided in Table 3-2, It should
be noted that the level of the signal blanking threshold was varied several
times throughout the experiment, ranging from a low of 6 dB to a high of 10 dB.
The increase in the total number of returns per scan is directly attributable to
the decrease in threshold. This effect should, however, be fairly uniform over
the entire scan.

Composites of several full-raster scans were prepared to determine if
any localization of returns could be seen. Figure 3-16 shows a composite of
three scans covering nearly 90 seconds. The composite shows apparent locali-
zation of returns at sine space coordinate a= -.25 to -.35, f=.0to .10,
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Figure 3-17 shows returns from Scan 737 only. Note the concentration of
returns at the same coordinates. Figure 3-18 shows returns from Scans
737 and 738. The apparent concentration is almost 20° higher in elevation
than radar aurora is expected to occur.

Figures 3-19 through 3-21 show a second sequence of plots in sine
space showing the maximum echo intensity at each coordinate. During the
construction of the composite (Figure 3-19), and apparent westward motion
of returns was noticed. Figures 3-20 and 3-21, when overlaid, show what
appears to be the westward flow mentioned above. Due to the nature of noise,
it is not unreasonable for random detections to exhibit a trend in a given
direction; however, a more normal result would be totally random detections

exhibiting little, if any, motion.

3.4 Conclusions From the Noise Study

The results of this study effort are inconclusive. It is evident that
there was insufficient data to support a detailed evaluation. It is evident,
however, in the limited cases where full sine space scans were available,
that the noise does not appear to emanate uniformily from all directions.
There were also some video noise peaks of suprisingly high magnitude (40 dB
s/n, or better). These may have been bi-static reflections. It can, however,
be stated that with a constant noise threshold, the false-alarm rate of the PAR
was not significantly changed from its nominal quiescent value, even during
the most intense geomagnetic activity and the highest auroral reflectivity.
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4. OVERALL CONCLUSIONS

The sidelobe blanking study has shown that the existing Q-channel
provides a reduction of about 10 percent in the number of detected video
peaks as compared to the number which would be measured with no side-
lobe blanking. However, a significant number of sidelobe echoes are still
detected. A large number of these echoes result from vestigial grating
lobe peaks which are not blanked by the PAR Q-channel. Most of these
echoes will not be eliminated by the radar's auroral exclusion mask. The
presence of these unwanted echoes is apparent in much of the processed
auroral data. Examination of data collected during periods of high auroral
reflectivity suggest that three critical vestigial grating lobes may contri-
bute approximately 26 unwanted detections per second. This represents
an additional load on system resources.
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