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FIGURE 1. MTD IT SIMPLIFIED BLOCK DIAGRAM

DISCUSSION

The basic philosophy followed in testing was to compare the capabilities of
the MTD II processor when used in an en route environment to that provided by
an operational radar processor; in this case, the combined FPS-67B and CD system.
The Bedford FPS-67B radar site was chosen for these tests since it provides an
extended, high amplitude ground clutter environment,

Standard radar system performance factors were tested and data from flight test
targets of opportunity were collected to determine overall system performance.
Except for the "Flight Tests" section, the testing described deals primarily
with investigation of the MID II's performance. Since comparative FPS-67B/MTD II
and FPS-67B/CD cotesting was accomplished using aircraft targets, it is discussed
in the Flight Tests section. Hereafter, the FPS-67B/MTD II will be referred to as
the MID II and the FPS-67B/CD will be referred to as the CD.
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Test Data Collection. This test was made by varying the receiver noise level
into the A/D converters from 1 to 16 millivolts and using the Megatek maintenance
display system to provide a count of the resulting number of false alarms occurring

per scan as a function of the noise level. Photographs were taken of the display
to record the false alarm rate information.

Results of Test. With the normal operating rms receiver noise level of
2 millivolts as measured at the A/D converters inputs, the system thermal false
alarm rate was measured to be 6 x 1076, This equals 37 false alarms per antenna
scan. At higher noise levels (4 to 14 millivolts) the false alarm rate increased
slightly to 8.5 x 1076, corresponding to 52 false alarms per scan. Therefore,
the desired false alarm rate was approximately provided and processor quantization
noise problems encountered with the MTD I (reference 1) were not present in the
MTD II. In addition, since the desired false alarm rate was obtained with an rms
noise level of 2 millivolts, full dynamic range was maintained. The system
parameters of the CD channel at Bedford were normally set to provide a 1 x 107 Pfa
when processing thermal noise signals.

PERCENTAGE OF DETECTION (P4).

PURPOSE OF TEST. This test was conducted to determine the P4 characteristics of
the MTD II system. With an MTD II processor, a 50 percent P4 should be obtained
at a signal level of approximately 7 dB above rms noise level (reference 3).

Test Data Collection. The P4y for the MID II system in thermal noise was
determined using a test target generator (TTG). The system was operated with a
8.5 x 1076 Pfa corresponding to a receiver noise level equal to 1 A/D coanverter
least significant bit (LSB). The test targets were set to be nonfluctuating and
were moved in range at a rate approximately equal to that of an optimum speed
target, and in azimuth at one azimuth change pulse (ACP) each antenna scan. These
targets were varied in amplitude in 1 dB steps, using an attenuator, from below
noise level to the point where 100 percent detection was obtained. The pulse width
was set to 2.3 microseconds (us). The TTIG target run length was set to equal the
two-way 3 dB antenna run length at the pulse repetition rate of the radar system.
The system was operated in dummy load. The TTG variable velocity control was set
to provide the near optimum speed targets.

The following method was used to determine the signal-equal-to-noise point.
First, the receiver intermediate frequency (IF) noise level was measured using an
rms voltmeter. Then a continuous wave (CW) signal was injected into the receiver
and increased until the signal-plus-noise power level of the receiver output was
3 dB above that of the noise alone. This TTG signal output level corresponded to
a signal-to-noise ratio of approximately unity. The percentage of targets out-
put to the Megatek maintenance display at various test signal-to—noise ratios was
recorded (see figure 3).

Test Results. As shown in figure 3, 50 percent detection was obtained at a
signal-to-noise ratio of 7 dB. The system was, therefore, providing the desired
performance. Detection performance at other test target radial velocities is shown
in the section on '"Velocity Response” testing.

For comparison purposes, the log nmormal (LOG)/CD and MTI/CD systems at Bedford
provided a 50 percent detection at signal-to-noise ratios of approximately 6 and
10 dB, respectively,













The FPS-67B/MTI system provided a subclutter visibility of 15 dB which was
measured using the echo box/signal generator technique. The MTI system utilizes a
three pulse canceller configuration.

VELOCITY RESPONSE.

PURPOSE OF TEST. This testing was conducted to determine the system response
as a function of target radial velocity. Tests were performed to show the overall
response of the seven nonzero filters and to investigate the depth of the staggered
PRF's blind speed null at the frequency corresponding to the transmitter's average
PRF (first blind speed). The individual filter responses are presented in
reference 2. The contractor provided theoretical responses are shown in appendix A
for comparison purposes. The MTI velocity response of the FPS-67B system, which
was used for comparative system testing as described in later sections of this

report, was that of a three-pulse canceller and can be obtained from the FPS-67B
technical manuals.

Test Data Collection. The velocity response was determined by introducing
pulsed radiofrequency (RF) test signals from the TTG into the system, and observing
their resulting response on the Megatek maintenance display.

To determine the overall response, the PRF of the test signal was varied in
frequency from 0 to 347 hertz (Hz), which corresponds to the first nonstaggered
blind speed. The test signal was simultaneously varied in amplitude so as to
maintain a 50 percent target detection. The transmitter was operated at a fixed
PRF into the dummy load.

In order to measure the depth of the staggered PRF desensitization null at the
frequency equal to the average transmitter PRF, the system was operated with
staggered PRF and the TTG PRF was adjusted to the average transmitter PRF. Again,
the test target amplitude was adjusted to produce a 50 percent target detection.

Test Results. The system velocity response with nonstaggered transmitter PRF
is shown in figure 5. The system exhibits increased sensitivity at the velocities
corresponding to the center frequencies of the 1, 2, 6, and 7 filters. Since

filters 1, 2, 6, and 7 virtually overlap each other and have a 1.2 dB increase
in coherent gain over that of filters 3, 4, and 5 (appendix A), an increased
sensitivity results. In the center portion of the plot, Doppler filter straddling
losses between filters were offset by the increased sensitivity afforded by the two
filter combinations, resulting in a virtually flat response. The overall response
was in close agreement with the theoretical values,

The depth of the staggered PRF desensitization null at a frequency equal to
the average transmitter PRF was measured to be 17 dB. This agrees with the value
that was obtained with the terminal MTD II (reference 2) and indicates normal
staggered PRF performance.

INTERFERENCE REDUCTION.

PURPOSE OF TEST. This test was conducted to determine the capability of the
MID II to reduce nonsynchronous interference such as that caused by another radar.
If not eliminated, false target declarations can occur resulting in degraded system
operation. To reduce interference, the MTD II uses an amplitude discrimination
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In the MTD II system, the scan-to-scan correlation function was used to
eliminate the resulting false targets, which increased the processing load on the
scan—-to-scan correlator and also increased the chance of false target declarations.

FLIGHT TESTING.

GENERAL. Flight testing was conducted using targets of opportunity. Tests were
designed to measure system sensitivity (target detection capability), subclutter
visibility, tangential target detection over clutter, and relative system false
alarm rates. A limited amount of low level weather was present during the test
period and system subclutter (weather) visibility is briefly discussed.

The MID II system included a scan-to-scan correlator, as discussed earlier. This
feature contributed to the cleaner display exhibited in the following MTD II
display presentations when compared to the CD presentation. Since the scan-to-
scan correlator required three detections before a target was displayed and no
coasting function was provided, the MID II system percentage of detection was
correspondingly degraded. The test philosophy followed was to provide the full
system outputs in both MTD II and the CD cases for display and analysis, and not to
test individual components of the processors (such as the scan-to-scan correlator).
Such an analysis was beyond the scope of the project and will be performed later as
a part of the terminal MTD II system enhancements work being done at the Technical
Center.

In the following discussion, a wedge containing no usable data exists from 75° to
135° since an Air Route Surveillance Radar (ARSR)-3 tower was being installed
ad jacent to the FPS-67B site. Due to the close proximity of the ARSR-3 tower and
the resulting FPS-67B system operation degradation due to blockage of the antenna
radiation pattern, the data in the affected area were suspect, and, therefore, not
included in the analysis of either system.

The data from the MTD and CD equipped channels were collected simultaneously, with
the radar set being operated in the polarization diversity mode. The data shown
were recorded at the Technical Center for subsequent analysis (appendix B). To
facilitate data reduction and analysis, software was also developed for the
Technical Center's Honeywell general purpose computer for the generation of the
statistical and display data that are presented in the following sections.

The CD system was operated with the MTI/normal gate controlled by the automatic
clutter eliminator (ACE), which varied the MTI/log normal crossover range between
70 and 116 nmi, depending on clutter conditions.

Persistent correlated false alarms were produced by moving ground traffic and by
limiting ground clutter. To eliminate these false alarms, a thresholding/censoring
map feature was incorporated into the MTD II. It consisted of a map of range/CPI
cells with a resolution of 0.5 mmi by four CPI's. These were called range azimuth
gate (RAG) cells. The RAG-1 cells attenuated (thresholded) targets by 11 dB to
eliminate the false alarms, while the RAG-2 cells were completely censored.

The threshold/censoring map used at Bedford is shown in figure 6. To more clearly
show the examples of individual RAG cells, an expanded portion of the map is shown
in figure 7. Correlated MTD targets are also shown in this figure. Note the
effect of the RAG thresholding on the aircraft shown. When the aircraft entered
the threshold area, its output was inhibited since it didn't have sufficient

12
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Figure 14: The same area as figure 13 with CD data only.
Figure 15: A PPI representation of the MTD II data as recorded at the site by the
MTD II system, which includes coasts not included in the CD recording system, for

the tracks shown in figure 8.

SYSTEM SENSITIVITY.

Test Purpose. The MTID II type processor was developed to provide improved
target detection in clutter. Its target detection capability in the clear (sensi-
tivity) should be approximately equal to that of a conventional processor such as
the CD. This test was conducted to ascertain if, as expected, equal detection was
provided by the MTD II and the CD equipped systems. Any significant differences
between the two would indicate a system problem which needed correction. For
example, early testing of the MTD II showed very poor system performance at
long range as compared to the other (CD) channel. Once the causative receiver
sensitivity and MTD II processor problems were isolated and corrective action
taken, the two systems provided nearly equal sensitivity as discussed below.

Test Design. To ascertain if the MTD II and the CD processors provided equal
sensitivity, the transmitter/receiver loop gains of the two radar channels were
first measured and recorded, as discussed previously under "System Normalization."
In the following section the impact of the difference in loop gains will be
discussed as to its effect on relative performance. Multiscan comparative MTD II

and CD target displays were developed and statistical data derived for this
analysis.

Test Results. TFigures 8 and 9 show the relative performance of the MTD II
and the CD equipped systems.

First, the CD system can be seen to produce a large number of false alarms
(targets not associated with tracks). The apparent false alarms (figure 8)
produced by the MTD II system within 30 nmi are shown in figure 15, which includes
track coasts to be parts of aircraft tracks. Second, in general, the two systems
provided approximately the same overall detection capability for long range
targets. However, in some cases (such as targets 1, 2, and 3) in figure 9, the
CD system can be seen to provide better target detection. This was due to two
factors. The two radar channels provided, at the time of this test, equal
transmitter/receiver loop gain for the processing area within 70 nmi (CD systems
minimum MTI/log normal cross over range). For ranges corresponding to the CD/log
normal area, the CD equipped radar channel provided a 2.5 dB advantage in sensi-
tivity, as mentioned previously in the "System Normalization'" section, correspond-
ing to an approximate 15 percent greater range capability for the CD equipped
system. Therefore, as shown in figure 11, the CD equipped system provided 60
percent radar beacon/correlation at 190 nmi; the MTD equipped system achieved the
same level of correlation at 155 nmi.

The second factor is the effect of the MTD II scan—to-scan correlator. Note
that the CD presentation of the three targets (figure 9) shows degraded detection
as evidenced by misses (holes) in the run length. These targets generally do not
meet the initiation requirement of the MTD II scan-to-scan correlator and, there-
fore, were not displayed most of the time (see figure 8). A coasting function was
not used during these tests. Figure 15 shows that by incorporating a coast func-
tion (three misses to drop track), an improvement in aircraft detection and display
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Test Design. As in the previous test, data were collected using targets of
opportunity, with the two radar channels providing approximately equal transmitter/
receiver loop gains in the clutter area.

Test Results. Figure 8, MID, and figure 9, CD, are examples of comparative
system SCV performance. The areas of interest (ground clutter) are at ranges
of less than 70 nmi. The large number of clutter related false radar targets
generated in these areas by the CD processor are seen in figures 9 and 12. As
discussed in the previous section, weather cells were also present in the test
areas. Note the very low false alarm rate for the MTD II system.

Nearly every target in the areas of interest show increased detection with the
MID II system. Figure 11 shows the MTD II system to be generally 10 to 30 percent
better at detecting aircraft over clutter out to about 70 nmi. Figure 12 indicates
that on the average in the 0 to 70 nmi range, the CD system will output signi-
ficantly more targets (due to weather and ground clutter generated false alarms)
than the MTD II system. The MID II system reports up to 38 percent more returns
than the filtered beacon over this range. A tabulation of beacon aircraft data
(not shown) taken from this site indicates that about 6.5 percent of beacon
equipped aircraft in flight were not reporting altitude and are, therefore,
excluded from correlation, although they may have been "visible" to the radar.
Note, for example, tracks 4, 5, and 6 in figure 8 are not seen in figure 10. It
should also be stated that, while no firm data exists to indicate the actual number
of nonbeacon equipped aircraft in the area during the test, it seems prudent to
estimate that 5 to 10 percent of the aircraft may not have been beacon equipped.

The superior ability of the MTD II system to detect a tangential aircraft
over clutter is demonstrated by observing tangential targets such as track 7 in
figure 8, and the corresponding tracks in figure 9, Note that many of the CD
tracks inside 70 nmi have a spotty appearance. Also, observe in figure 15 (MID II
with coasts) the solid track appearance and the few false alarms.

SUMMARY OF RESULTS

1. Comparative MTD II/CD static performance, test results were:
MTD II D

False alarm rate in thermal noise 8.5 x 1076 1 x 1072
Subclutter visibility 29 dB (filters 1,2,6,7) 15 dB

38 dB (filters 3,4,5)
Improvement factor 36 dB (filters 1,2,6,7) 25 dB

45 dB (filters 3,4,5)
Signal-to-noise ratio for 7 dB 6 dB Log normal
50 percent target detection 10 dB MTI
System stability 36 dB staggered PRF =~ ==-——-

45 dB fixed PRF
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RECOMMENDATIONS

1. 1t is recommended that additional work be accomplished to further enhance the
moving target detector (MTD) II processing algorithms to provide better target
detection and clutter signal elimination.

2. It is recommended that MTD processing be incorporated into any new en route
radar system.
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4. Range, Azimuth, Radar Reinforced Evaluation (RARRE). The RARRE program
provides the capability to retrieve, sort, and print target information pertaining
to all Mode 3/A beacon equipped aircraft detected by any number of radar sites.
The target information is retrieved from a CD record tape.

5. Quick Analysis of Radar Sites (QUARS). This program provides a real-time
on~line monitoring and confirmation of an air route traffic control center's CD and
CD subsystems interface and operational status for the NAS system. The data
provided by this program are:

a.

Blip-scan-ratios for beacon, moving target indicator (MTI), and log normal

operations,

b. Range and azimuth splits for beacon, MTI, and log/normal.
c. Radar reinforced rate.
d. MTI, log/normal, and total collimation.
e. Code validity and reliability for beacon Modes 3/A and C.
f. Beacon ringaround.
6. Multiplot for Cal Comp Plotter. This program extracts selected beacon codes

for plotting showing radar reinforced targets for selected geographical locations.
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