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visibility, subweather visibility, and target resolution capabilities.

Additional tests were pe.formed to determine the compatibility of the MTD proceseor
with terminal rader systems currently in use in the Federal Aviation Administration
(FAA).

The results of the testa demonstrated that the MTD aystem capability to detect
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INTRODUCTION

PURPOSE.

The purpose of this project was to test and evaluate the Movirg Target Detector
(MTD) vadar/processor system to determine its capability to provide Airport
Surveil lance Radar (ASR) data suitable for Automated Radar Terminal System
{(ARTS 11I) processing. The primary area of concern was the ability of the MTD
to function acceptably in a terminal radar cluiter environment.

BACKGROUND ,

The MTD radar/processor was developed for the Federal Aviation Administration
(FAA) Sy the Massachusetts Institute of Technology (MIT) Lincoln Laboratory
under tasks B and G of interagency agreement DOT-FA71-WAI-242, It was designed
to provida radar cata suitable for uvtilization by the ARTS 111 syatem. [rimar-
ily, this wan to te accomplished by providing improved target detection in
ground, weather, anc angel clutter. To this end, the MID was designed to
provide stable linear operation with wide dynamic range and sophisticated
digital processing. The MTD was integrated into the Terminal Facility for
Automated Surveillance Testing (TFAST) ARTS 111 system at che National Aviation
Facilities Experimental Cente¢r (NAFEC) and tested by a joint Lincoln Labora-
tory and NAFEC team. Software for integration of the MID/processor and the
ARTS 111 system was developed by Sperry Univac and NAFEC.

DESCRIPTION OF EQUIPMENT.

System processing was performed in two stages. First, the MID system (figure 1)
developed by Lincoln Laboratory provided coherent radar signal processing using
adaptive thresholding techniques to discriminate against undesirable signals
caused by nonsynchronous interference, ground clutter, and weather clutter,
Secord, further processing wea performed in the ARTS IIl radar input processor
(RIP) software developed for MID operation. This additional adaptive threshold-
ing was performed to remove any false alarms caused by residue frowm clutter,
interference, arnd angels, thereby preventing initiation of false tracks. The
ARTS IIl tracker provided further velocity discriminatinn against false alarms.
Descriptions of MTD and ARTS 11l processing are given below.

Figure 2 shows the basic conponents of the MID radar digital signal processing
system. In the NAFEC tests, internediate frequency (IF) signals input to the
processor were taken from the praamplifier output of the radar system being
used., A modified Military Fixed Radar Detector (FPS)-18 klystron-type radar
was used for the basic MID testing. Modifications included a new analeg IF
receiver subsystem designad to provide stable, wide—dynamic-range signals
suitable for MTD processing and a Coherent Oscillator (COHO) and video
detectors for providing the in-phas« (I) and quadrature (Q) bipolar videos to
the input processor. A descripticn of the modified FPS-18 system is contained
in appendix A.
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The input processor shown in figure 2 consisted of two analog-to-digital (A/D)
converters and two 8K memories. A 10-bit A/D converter was used for each

(I or @) video channel, The digitizer video frum each A/D was stored in
memory until data from 10 interpulse periods had been accumulated. This group
of data was termed a coherent processing interval (CPI1). There wire 480 CP1's
per antenna scan, The 10 samples in each range gate were then outputted to
the canceller, beginning with the first range gate and continuing in range
order. The first two azimuth samples from each range gate were used to
"charge up" the three-pulse canceller, and the remaining eight provided the
necessary inputs for the eight-point discrete Fourier transform. The MID
operated with a 1/16 nautical mile (nmi) range gate length and a maximum range
of 47.5 ami.

The saturation detector determined if any of the 10 samples sarurated the A/D
converter resulting in distorted information. If so, the information from that
range cell was discarded.

The interference eliminator compared the magnitude of each of the 10 samples
with the average magnitude of the 10. If any sample was greater than five

times the average, it was considered to be interference from another radar, and
the informationin that range cell was discarded.

The three-pulse canceller removed low-velocity information (ground clutter)
prior to discrete fourier transform (DFT) filtering. Since low radial velocity
(tangential) targets were removed along with the clutter echoes, a separate
zero velocity filter (ZVF) was implemented. It allowed detection of a low-
radial-velocity target when its echo strength exceeded the level of the clutter
in the same range-azimuth cell, The ZVF was implemented using a disc memory to
store the clutter level information in every range azimuth cell from scan to
scan. This information was used to establish thresholds for deciding whether a
low-velocity return represented clutter or a target, EVF rarge azimuth cells
were l0-pulse repetition periods by 1 range cell in extent.

A moving target would, in most cases, occupy a different range azimuth cell
each antenna scan. Therefore, the threshold which built up over a number of
scans, did not inhibit its being outputted in the ARTS III Input Output
Processor (1OP).

The DFT circuitry performed an eight—-point DFT implementation of the fast
Fourier transform (FFT). The eight time samples from each range gate were
thereby converted to frequency (Doppler) information. Seven filier outnuts
from the DFT were utilized. The DFT zero filter oulput was replaced with the
output from the separate ZVF.

In the weights and magnitudes circuits, the sidelobes generated 1in the DFT
were lowered, and the I and Q rignals were combined,

Thresholding was performed on e¢ach filter output. For the seven nonzero
(weathar) filtera, the threshold was coutrolled by the average level of the
returns in l-nmi range segments centered on the cell of interest. The threshold
for the ZVF was based on the clutter value stored on the c¢isc memory for the
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range azimuth cell of interest. Both thresholds adaptively adjusted to the
environment. .

The 10P interface performed the necessary timing and buffering between the

MTD and ARTS I1I systems, Azimuth, velocity, range, amplitude, and pulse
repetition frequency (PRF) information were outputted by the MTID. A complete
description of the MID processor 1is contained in reference 1. Figure 3 shows
the basic ARTS III RIP processing unique to MID operation (discussed fully in
appendix A). The input function shown provided handshaking between the MTD

and the RIP processor. The range and Doppler consolidation function combined
ad jacent MTD range and Doppler filter information into a single target response
for each CPI, The target record processor merged these new target responses
into existing target record stores. It outputted completed target records to
the target report processor, The target report routine processed target records
into target reports or noise responses. It outputted finalized target reports
containing range, azimuth, strength, number of CPI's involved, and Doppler
filter numbers.

The second-level thresholding capability shown in figure 3 was developed at
NAFEC to eliminate residual MTD clutter from angels, weather, nonsynchronous
interference, and inversion, Each of these areas is discussed fully under
FALSE ALARM TESTING. Targets determined to be valid by the above processing
vere outputted to the ARTS III -orrelation and tracking functions.

DISCUSSION

The basic philosophy followed in testing was to compare the capabilities of

the MTD/proceseor system to that of the best radar data acquisition system
(RDAS) then in the FAA inventory. This was determined to bé the combination
of an airport surveillance radar (ASR-7) and the radar video digitizer (RVD-4),.

First, the parameters of the two systems were investigated to insure valid test
results. This alsc provided the basis frr system normalization in later tests
so that a valid system~to~-system comparison could be made.

Second, each system was tested to determine its capability with respect to
standard radar performance factors. These included probability of false

alarm (Pgy), pvobability of detection (P4), subclutter visibility (SCV),
Sub-Weather ViLibility (SWV), and velocity response. Coherent S-Band radio-
frequency (R.) test targets were generated for the P4, SCV, SWV, and velocity
response tests using the NAFEC TFAST Test Target Generator (TIG). The TTG
output was variable in frequency, pulse width, phase, range start, range rate,
azimuth position, intenna scan modulation, amplitude modulation (scintillation),
and radar cross section (strength). A description of the TTG is contained in
appendix B,
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Third, flight testing was conducted to determine the target detection capabil-
ities of the two systems in the clear, over clutter {botl tzngentially and
radially), ard in weather. Target resolution capabilities were tested by
directing a palr of eircraft through a series of crossing tracks.

Tests were also conducted to detecmine the capability of the MID to function
as the processor for present FAA ASR-type radars. This is discussed below
under ASR-5 and ASR-7 compatibility testing.

Concurrent with the MTD/RVD-4 comparison testing, a separate investigation
of the RVD-4 system was conducted. The resulting NAFEC report containing
pertinent parameter snd performance data has been published (reference 2).
Results from the above investigation were used to establish system operating
parameters and will be referred to thrnughout this report.

SYSTEM TESTS AND RESULTS

TEST CONFIGURATION.

The basic system for data acquisition for the comparison of the A3R-7/RVD-4
and FPS-18 (S-band coherent radar)/MID systems is shown in figure 4. The
two radars located at the NAFEC TFAST facility were operated independently
(asynchronously) by means of a waveguide diplexer. The normal, log normal,
and moving target indicator (MTI) video outputs of the ASR-7 were available
to the RVD-4. Low-level IF information from the FPS-18 was sent to the MID
receiver/processor.

The RVD-4 output was processed with the All Digital Tracking Level (ADTL)
program in real time in the ARTS II1 IOP with the extracted system data being
recorded on magnetic tape via the ARTS III Integral Magnetic Tape (IMT) unit.
Meanwhile, the MID output was recorded on magnetic tape via a Bucode digital
recorder. Subsequent to this operation, the Bucode tape was played back into
the ADTL program in the ARTS II1 IOP, and the MID system data were extracted
on magnetic tape via the ARTS III IMT,

The two comparative system data extractions were then reduced at the NAFEC
Terminal Automated Test Facility (TATF). Scan and run summaries of each
system were printed out for comparative analysis (tables 1 and 2). The
extracted data tapes from both systems could also be displayed on ARTS III
Data Entry and Display System (DEDS) indicators. This allowed data control
with the DEDS keyboara and visual analysis of system performance.

Beacon data were sent to the IOP via the Beacon Data Acquisition System {(BDAS).
It was processed with both the RVD-4 and MID data for aorrelation analysis.

The ASR -/ -=nalog videos were also recorded on magnetic tape via the TFAST
FR-950 videv recorder. This analog information was used for backup in case

of incorrect video processing and was also used as a repeatable source for
optimizing th: RVD-4 processor parameters.

4
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r TABLE 1. RUN SUMMARY (REDUCED DATA)

1. Run Parameters

Scan start number
Scan stop number
Selected track gate (Rl, R2, AZl, AZ2) ‘
Selected track beacon code l
Threshold (RVD)

|

2. All Report Statistics

Beacon reports/scan

Radar reports/scan

Radar-beacon correlating reports/scan
Beacon false alarms/scan

Radar false alarms/scan

3. Al)l Track Statistics

Number beacon tracks
Number radar only tracks
Mean beacon track life

| Mean radar only track life
Beacon blip/scan

Radar blip/scan

4. Selected Track Statistics

Beacon blip/scan

Radar blip/scan

Beacon report standard deviation ( R, AZ)
Radar-beacon correlated report deviation ( R, AZ)
Track position deviation ( R, AZ)

Track speed deviation

Track heiiding deviation

5. Processing Load

Radar average and peak/sector
System average and peak/sector

Legend
R = Range

AZ = Azimuth
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TABLE 2. SCAN SUMMARY (REDUCED DATA)

1. Scan Perameterdy

Scen number

Reference azimith crossing time
Selected track gate "R1, K2, AZl, AZ72)
Selected track bheacoun code

2. Number of Reports

Beacon
Radar
Radar and beacon correlated

3. Number of Tentative Tracks

Beacon only cor beacon and radar
Radar only

Initiating beacon

Initiagting radar

Terminating beacon

Terminating radar

4. Number of Firm Tracks

Beacon

Racar only

Initiating beacon

Initiating radar only
Terminating beacon
Terminating radar only
Coasts beacon

Coasts radar

Coasts both beacon and radar

5. Selected Track Data

iLegend

h

Beacon report (R, AZ, H, Code)
Radar report (R, AZ, S, D)

Radar and beacon correlated report (R, AZ)

Track data (X, Y, H, Speed Heading)

Rarge
Azimuth
Altitude

Strength

Doppler
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A NOVA 1220 minicomputer (figure 5) was provided ae part of the MTD sustem.

It functioned as a maincenance zid to perform egystem stability testing and

was also used in some dats rollecticn. It provided a numeric output (0 through
7) to the maintenance indicator {or each MTD Doppler resnonse output. The
2ssociated Imlac graphics display was previded to display system stability

data and to examine signal spectra.

Standard ARTS III correlation and tracking processing was per{ormed on MID
radar veports from the RIP module. Detailed test procedures and results are
presented in the following sections.

SYSTEM CERTIFICATION.

Test parameters of the FPS-18 radar system are listed in table 3, Basic para-
meters were monitored throughout the test program using standard techniques and
equipments. By monitoring these parameters and the various system meters,
optimum system performance was maintained, A ligt of the test equipment used
is contained in appendix B.

Throughout the test program, the FPS-18/MID system was monitored to aasure
that the trensmitter and receiver equipments werc providing the stable opercation
neceesary for MTD operation,

Table 4 gives the ASR-7 system parameters. Spurious frequency signal levels
were ceacured at the ouiput of the A/D coaver:iers using M{L test programs to
insure that their awplitudes were lo, anouugzh not to be processed by the MID,
Since the dynamic range of the MTD system was 42 dB, spurlous signals had to
be at least 4/ dB beluw the desired radar signals. This test is described
fully loter under ASR-5 and ASR-7 M1D compatibility teating.

PADAR/PROCESSOR PERFORMANCE TESTS. )

PPOBABILITY CP FALSE ALATM \Pg,'. The MID system Pfy was uetermined in
eavironments of thermal no;se‘ ground clutter, weather clutter, interZzrence,
and angel ciutter, These areas are discussed below.

Probsbility <f False Alayn in Thermal Ncise. The MTD system P¢; and the
covresponding false alaime per scan as & function of tue recelver noise level
and MIC threshold levels were measured to determine optlmum operating levels.
The resulting curves are shown in figure 6. The curves shown are composites
of the eight separate Doppler filters. The threshoids (level above the
average thermal noise Jevel) used with the individual filters are also listed.
A8 a result of this test, the system was op2rated with approximately a
6 millivolt (mV) root mean squarz (PMS) noise level at the A/D converte -
inputs, As shown, this provided a 1x10~% Pfy and an average of 3C false
alarms per scan., A detailed description of the thermal false alarm investi-
gation ia given in appendix C.

During the comparison testing described ir following sections, the ASR-7/RVD-4
was alao operated with a 1x10~3 Pgg ir thermal nnise (reference 2),
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TABLE 3. TEST PARAMETERS, FPS-18/MTD SYSTEM

Transmitter (FPS-18)
Power Output (Variable PRF)
Average
Frequency
Pulse Width
Oscillator
Receiver
Dynamic Range (IF)
Noise Level

I
Q

Noise Figure (Diplexer Antemna Port)
£TC
System Timing
Scan Stagger OFF
Low PRF
High PRF
Average PRF
Scan Stagger ON
Low PRF

High PRF
Aversge PRF

57 dBm
2710 MHz
1l us

Klystron Varian 87-B

42 dB

6 mV

3 dB

R4 to 12 nmi

1.1131 kHz
1.3677 kHz
1.2320 kHz

1.2080 kHz
1.3794 kiHz
1.2415 kHz

-




TABLE 4.  ASR~7 SYSTEM PARAMETERS

Transmitter
Power Output (Stagger=d PRF)
Average
Frequency
Pulse Width

Oscillator

Receiver
MTI System

Noise Figure

Sensitivity Time Control (STC)
System Timing

Nonstaggered
1,200, 1,173, 1.120, 1,050, .950, or .713

Staggered
Pseudorandom combination of above 6 PRF's,
Average ~ 1,034

Antenna Parameters (ASR-5 Antenna)

Rotation (ASR-7 Drive Motor)
Tilt

Polarization Used

Beamwidth (two-way)

Gain

54.6 dBm
2795 MHz
833 K8 {

Magnetron
(Amperex DX-276)

Three-~Pulse Cznceller

(Diplexer Antenna
Port) 4 dB

R4 to 12 nmi

kB2

12.75 rpm
+ 2.75°
Linear
10
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Probability of False Alarm with an Operating tystem. In order to
uaintain a 10-) Pfy into the tracker with an operating radar system, the
following improvements were added to the MTD and RIF:

1. MTD interference eliminator,
2. RIP interference eliminator, and
3. RIP second-level thresholding,

The foilowing discussion defines the need for each of these improvements and
any resulting loss in system sensitivity,

Interferercce Elimination ~ The MID experienced an increase in false
alarm rate when crerating in en RF interference (RFI) environment. An ASR-7
radar and an ASR-* radar. each located approximately 1 nmi from the TFAST site,
were the primary causes .f thnis nonsynchronous interference. To prevent these
false alarms from being outputted by the MID, an interference eliminator
capability was added. The interference eliminator algorithm compared the
magnitude of any received signal in a2 CPI range cell with that of the average
magnitude level of the possible 10 signals in the same CPI range cell. If a
signal magnitude, exceeded five times the average magnitude, it was considered
to be an interference signal. Information from that CPI range was inkibited at
the MTD thresholding circuitry from being outputted by the MID.

The MTD output for an equal length of time (multiscan) with and without the
interference eliminator is shown in figure 7. The numerics shown were gecnera-
ted using the NOVA minicomputer, Each numeric represented an MID threshold
crossing. The valué of the numeric indicated which filter had the threshold
crossing.

As shown, virtually all the interference was eliminated. The remaining
isolated numerics were caused by thermal false alarms as previously discussed.
Those thermal false alarms satisfying the interference elimination algorithm
were also eliminated. Due to the small number of thermal false alarms, with
amplitudes five times the average, this resulted in no appreciable loss of
data or sensitivity.

The following is a brief discussion of the effe:t of the interference elimina-
tor on system performance as shown in figure 7., The total numbac of CPI/range
cells .. the MTD coverxge was 364,800 (760 range gates x 480 CP1's per scan).
A typical interfering FAA S-band radar would result in a maximum of 9,600 CPI/
range cells containing interference signals (assuming one reception per PRF and
100-percent range splits). The above rate of interference would therefore
result in inhibiting the information from 2.6 percent of the CPI/range cells.
Since the above interference signals were nonsynchronous with the MID, they
would not correlate in range and azimuth on a scan-to-scan basis. Also, when
an interference signal occurred in tha same CPI/range cell as an aircraft echo
signal, the combined information would not necessarily be discarcded. That is,
if the interference rejection algorithm was not satisfied (interference magni-
tude not more than five times the average magnitude) and the MIT threshold
criteria vere met, the combined information was outputted by the MID. The

10




resulting target signal, however, necessarily contained spurious frequency
information due *o the interference.

for those cases of superposition of aircraft and iaterference signais where
the interference algoritim wac sctisfied, two alternatives were possible.
First, wher. the aircraft signal occurred in move than cone CPI (this was true
in the majority of cases), the loss of information from one CPI had a mini-
wized effect on subsequent target declaration and tracking. Second, when the
alrcraft signal cccurred in only one CPI, the resulting loss o/ information
was mitigated by the ability of the tracker to coast f-r up to two scans on
uncontrolled tracks and up to 10 ecans on controlled tracks.

The above factors indicate why the interference eliminator had a minimal
effect on system target detection and tracking performance.

In the presence of ground or weather clutter, the MID interference elimination
algorithm's capability was again a function of the relative interference

and clutter signal magnitudes. Therefore, all interference was not removed.
To correct this problem, the following interferance rejection algorithm was
added to the RIP. Interference was detected by counting the number of single-
CPI responses occurring in each 5° by 48 nmi sector of radar coverage. Upon
detection of 15 or movre single~CPI responses in a sector, all single~CPIl
responaes in that sector were discarded. If the antenna coupling between the
radars was such that the interference rotated (changed loca ion) from scan to
scan, the results would be similer to that discussed previously for the MTD
interfereance eliminator. Howaver, if the antenna coupling resulted in a
stationary interference pattern, all single-CPI signais would be eliminated

in the affected sectors for the duration of the interference. The resulting
offect on svstem sensitivity will be discussed later under Py testing. It
will be shown that detection of a two-CPI target required a 3-decibels (dB)
greater signal level than for a single-CPI target. .

Second-Level Thresholding. Second-level thresholding in the RIP to
prevent clutter residue and angels from initiating false tracks and to maintain
the number of false alarms at desired leva2ls was implemented as follows. The
radar surveillance area was divided into 4 nmi by 22.5° sectors for a total of
192 sectors. Each sector contzined eight thresholds (on2 for each Doppler
filter) for a total of 1,536 independent sector Doppler thresholds in the
coverage area., The threshold level in each sector Doppler filter was based
upon the frequency of occurrence of single-CPI signals in ir, The threshold
level in each sector filter was adeptively set by incrementing it by an
amount equal to 2.00 strength numbers (defined under angel false alarm tests)
each time a single-CPI signal with a strength number (amplitude) greater than
the threshold occurred. The threshold was decremented by 0.125 strength number
if there were no single-CPI signals in that sector from the filter being
examined during an antenna scan period. .

Each MTD output signal was tested against these thresholds. If the signals
amplitude was less than the applicable threshold, it was discarded. The
thresholds derived by this process were applied in the first 16 nmi against
all signals (single and multiple CPI) and from 16 nmi to 48 nmi on single-CPI
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returns onlv. This range-dependent thresholding was based upon the fact that
most angel returns occurred within 16 nmi in the NAFEC rada. envirconment,

Also, in the first 16 nmi, RIP threaholding was applied before range Doppler,

or CPl -onsolidation. By applyirg the threshold in this manrer, a cousiderable
saving In processing was realized. Beyond 16 nmi, however, since thresholding
was only performed against single~CPI signals, consolidation had to be performed
first to determine which signals were only in a single CPI.

Angel reiurns detected by the MID on cccasion exc-=cded 1,300 targets per scan
while using an R-4 STC curve exteacing to 12 nmi. Theee angels occurraed pre-
dominantly in the low-velocity filters as discussed below. Runlengths up to
four CPI's were observed.

The MT./processor systea virtually eliminated the resulting faise alarm and
false track initiation by a combination of using an R-4 STC curve, secund-level
threshclding in the RIP, desensitizing the tracker hy requiring a two-CPI run-
lergth for track initiation, and the requirement of a target velocity of at
least 50 knots for track initiation and continuation. Targets appearing in
only one CPI were allowed ter initiate tracks beyond 16 nmi and to continuc
tracks from 0 to 16 nmi,

Figures 8 and 9 show this angel elimination capability in light and heavy

angel clutter. Forty scans of data are presented for each case. Tracking
paramete: * used in these and all subsequent figures required data from three
scans to initlate a track and one more before it was displayed. If the tracker
receiv i no return for a track uwuring a scan, no symbol was displayed (no
coasting). Notice that both seccnd-level thresholding and the tracker contri-
bute to angel eliminction. In each figure, target reports or tracks caused by
automobile traffic at 0° and from 0.5 nmi to 3 nmi can be observed. No attempi
was made during this project to eliminate these automobile turgets.

Siuce tne Lracker was designed to handle a maximum of 100 tracks at a time, the
data somwn in figure 9(c) represented only £lout 15 percent cf the angels
present. All.y ing more data into t%e tracker would have resulted in improper
processing. An example of the inability of the ARTS III system to process

1. rge angel populations is siown in figure 9(a). The program was unable to
display the reports contained in the 270° to 360° sector.

Table 5 lists the single- and nultiple-CPI returns corresponding to figures 8(a)

and 8(b). Table 6 presents the same data corresponding to figures 9(a) and 9(b}.

The data contained in these and successive tables were obtained by modifying
the ARTS 1I1 operational program to provide the desired outputs. Individual
filter outputs for the thresholdsd case are not presented, since the number of
reports obtained per filter war too small to give accurate data.

To further analvze the second-level thresholding capability, the level of each
of the 1,536 sector/Doppler thresholds wus obtained for typical operatiug

conditions. Data for the light angel clutter condition are presented in table 7,

Corresponding data for the heavy angel situation arc contained in table 8. By
comparing the data in tables 7 and 8, the system desensitization nccessary to
eliminate angels for these typical cases can be determined.
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i TABLE 5. NUM3FR OF MTD REPORTS DURING LIGHT ANGREL ACTIVITY

Sefore Secnad-Level Thresiholding

Filter Number Single CPI Multiple CP1's

0 10 7

1 18 12

2 13 8

3 8 9

4 8 5

5 5 7

6 11 11

7 20 22
Total 93 80

After Second-Level Thresholding

Total 16 i3

‘ TABLE 6. NUMBER OF MTD REFORTS DURING HEAVY ANGEL ACTIVITY

Before Second-Level Thresholding

Filter Number Single CPI Multiple Q?I's
0 145 39
1 1190 48
2 128 8&
3 9C 59
4 80 42
5 95 73
1 6 142 9%
| 7 115 46
| Total 905 489

| After Second~Level Thresholding

Total 16 13
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Figure 10 shows the relationship between “he cecond-level thresholds discussed
above and system signal-to-noise ratio.

The effects of combined STC and second-level thresholding to eliminate angels
are shown in figures 1} through l4. Four levels ot STC were tested as indica-
ted. Note that the four individual STC curves had maximum range extents as
given in table 9,

The sector/Deppler threshold levels resulting from using the four values of STC
as a tunction of range are given in table 9. Threshold levels were influenced
by the STC attenuation uvnly to the maximum extent {range) of each STC value as
indicated. Table 9 shows that an overall increcse in system sensitivity within
the STC range was obtained by using less STC and allowing the second-ievel
threahclds to adapt to the environment. For example, lowering the S5TC trom

56 dB to 48 dB allowed 6 dB more sensitivity, while the average second-lavel
threshold attenuation values for the 54—~dB and 48-dB cases from 0 to 4 nmi were
(from table 9) 3.42 dB and 8.08 dB, respectively. Thus, within the above range
interval, the average increase in system sensitivity was 1.34 dB. From 4 nmi
to 8 nmi, the average second-level threshold attenuation values for STC values
of 54 dB and 48 ¢B were 1.22 dB and 4.14 dB, respectively. This provided an
overall increase in sensitivity of 3,08 dB for the range interval. Similar
calculations can be made for the other STC values using the data in table 9,

The distribution of angel returns as a function of STC attenuation before
second-level threshulding 1s presented in table 10. Data for both single- and
multiple-CPl reports by Doppler filter number are included. Table 11 contains
corresponding data after second-level thresholding. Due to the small number of
reports, in this case unly the combined filter total 1is given.

The benefits derived from the above second-level threshold processing can be
sumnarized as follows. Angels are distributed nonuniformly-in range, azimuth,
and Doppler. The adaptive sector/Doppler thresholds are able to eliminate
angels selectively without desensitizing in a blanket fashion like STC does.

Second-level thresholding complemented STC rather than replacing it. STC
repained useful in preventing ground clutter from exceeding the system dynamic
range and in preventing too large a data load from angels etc. from overloading
the system. A discussion dealing with the effect of STC on system aircraft
detection capability is presented later in this report.

Data were taken for two cases of second-level thresholding in weather.

Figure 15 shows the plan position indicator (PPI) presuntation for both cases,
Corresponding to figure 15, table 12 shows the effect of weather on the level
of the second-level thresholds throughout the radar coverage area. Table 13
gives the distribution of the data among the individual Dcppler filters.
Linear polarization was used throughout the MID testing. :

Data for the first case were racorded during the passage of a weather front

in April of 1975. The front passed through the radar coverage area at approxi-~
mately 60 knots velocity. As can be determined from table 13, this resulted in
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TABLE 9.

PERCENTAGE OF 128 THRESHOLDS IN EACH 4-NMI RANGE INTERVAL
WITHIN A GIVEN STRENGTH RANGE DURING ANGEL ACTIVITY FOR

FOUR VALUES OF STC

Range (nmi)
Strength
(dB) 0-4 4-8 8-12 12-16 STC
0 56 75 86 88
0= 4 8 13 8 54 dB
3-6 11 7 3
6~9 13 9 1 1 (Maximum Extent
9-12 12 1 12.25 nmi)
12-15 pi
15-18 1
i8-21 1
0 29 42 17 82
0-3 9 19 6 9
3-6 11 7 5 3
6-9 9 13 8 3
9-12 12 8 3 2
12-175 6 3 1 1
15-18 13 8 48 cB
18-~21 3
21-24 3 (Maximum Extent
24=-27 4 8.56 nmi)
27-30 1
0 23 31 70 81
0-3 5 13 16 8
3-6 7 14 6 6
6-9 11 8 2 2 42 dB
9-12 9 8 3 2
12-15 8 9 3 1 (Maximum Extent
15-18 12 8 6.0 nmi)
18-21 10 5
21-24 6 3
24-27 7 1
27-30 2
0 18 24 64 79
0-3 8 14 19 7
3-6 5 14 9 6
6-9 9 9 4 7 36 dB
9-12 11 11 1 1
12-15 8 8 1 (Maximum Extent
15-18 11 10 2 4,31 nmi)
18-21 13 4
21-24 10 4
24-27 5 2
27-30 2
16
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TABLE 13. AVERAGE NUMBER OF SINGLE- AND MULTIPLE-CPI RETURNS FROM EACH MTD
DOPPLER FILTER FOR ONE ANTENNA SCAN DURING WEATHER ACTIVITY

Case 1
Filter Single Multiple
Number CPI CPI's
0 97.0 17.4
1 10.6 2.8
2 27.4 1.8
3 26,2 3.0
4 32.4 5'8
5 27.4 5.8
6 33.4 6.4
7 20,6 4,2
Total 275 47.2
Case 2
Filter Single Multiple
Number CPI CPI's
0 32,2 3.6
1 13.2 5.6
2 44,0 5.8
3 56,2 4.6
4 52.0 9.4
5 50.8 6.6
6 38.8 6.4
7 12,6 3.4
Total 299.8 45.4
19
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a large number of false alarms from the zero Doppler filter. The large group
of false trazks shown in figure 15(a) centered at approximately 20 nmi and
120° correspcid to the front leading edge. Due to the high velocity of the
front, the clutter map was unable to adapt in time, resulting .in the false
alarms shown. The corresponding case 1 data in table 12 show a high average
threshold level (compared to data in table 7), while table 13 shows that the
data were fairly evenly distributed among the seven nonzero Doppler filters.
The results of this thresholding can be seen in figures 15(a) and 15(b) which
show a loss of aircraft tracks with thresholding. A study of the tracks lost
when the thresholds were applied showed that they were primarily from single-
CP1 (weak) targets.

The second weather case 1s shown in filgures 15(c) and 15(d). The weather

in this case was accompanied by high winds and extended over the entire
digplay area, The MID hardware thresholding eliminated the weather except
for the two small areas of false tracks shown. The second-level thresholding
further reduced the number of false tracks as shown. In this casz, table 13
shows that data were concentrated more toward the central Doppler filters.

Taken together, the data show that each weather system had unique characteris-
tics. The combined MID and second-level thresholding were successful in
eliminating false alarms and tracks. System desensitization was experienced in
areas in which weather was present,

Due to the inability of the clutter map to adapt to fast moving weather which
resulted in excessive false alarms from the zero velocity filter, no track
initiation was allowed on zero velocity filter single-CPl reports.

The effect of second-level thresholding on target detection in the clear is
shown in figure 16. Note that there was only a small amount of additional
target Joss. Thus, the level of the thresholds in a ciutter environment and
the resulting loss of alrcraft detection snown previously were caused by the
clutter, That is, the chresholds did not rise appreciably as the result of
aircraft signals. This compares favorably with the data given in table 7,

SYSTEM STC. Figure 17 shows the STC curves used with the ASit-7 and the FPS 18/

MID systems. Range to the minus fourth power curves (R“) were used to best
match ground-clutter-received signal characteristics. For the NAFEC tests, the
FPS-18/MTD curve shown provided a ccmpvomise between c)imination of angel
clutter and detection of small aircraft near the antenna cone of silence,

The: ASR-7 curve was tailored to match the FPS-1€/MID curve as closely as
possible for normalization of system detection capabilities,

The ASR-7 STC PIN diode had a maximum attenuation of 40 dB as shown in figure 17,
A typical FAA CSS (cross sectional sengitivity)-l curve 13 also shown for
reference. )

Figure 18 shows the manner in which the MID STC was implemented. The desired
range zero STC attenuatlion was preset wit: switches in the MTD timing section.
From this maximum attenuation value shown on {igure 18, the c¢ttenuaticn was
decreased as an R~4 function in 1.5~dB steps reaching zerv decibels at the
range shown.
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Investigation determined that the MID receilver/processsr %as linear throughout
its dynamic range. The STC values shown in figure 17 were nged tnroughcut the
~onmparative system testing.

Flight testing was performed to determine the effect of SIC attenuation on
aircraft detectdon. For this test, rthe fliight teat aircraft was flown on a
radial couree at 4,000 and 8,000 feet. ilLese tests were conducted .ear the
cone of silence as this anteanna radiation region is most affected '» STC. The
resulting tsrget strength as a function of STC arnd range is shcwn in figure 19.
The data shown are smooth curve fits to the data collected. The 54-dB tests
were aade using a Piper Commanche aircraft, All other runc were made using a
Piper Arrow. For comparison purposes, the test targei strength level vequired
for a 50-percent Py (from the Pq tests discussed subsequently) is included in
figure 19. From this, it can be seen in figure 19 that at an 8,000-feet alti-
tude, an STC value of 60 dB exceeds the maximum value that could be expected to
provide a 50-percent Py. iy extrapolating the data shcwn, it can be determined
that at higher altitudes, the desired Py could be muintained only by lowering
the STC attenuaticn.

Some difficulty was experiencel in getting the flight test aircraft to fly
exactly over the sader site, both on the inbound and outbound radials. Since
the data shown vere extracted in a wedge centered on the desired radial (to
avoid overloading the ARTS III computer), any significan: deviation from an
exactly radial course resulted in loss of close-in data. Therefore, the
minimum ranges shown are not reliable indicators of seusitivity. Rather, the
relative levels of the target strength are intended to slow performance,

PROBABILITY OF DEAECTION (P4). The Pq for the ASR-7/RVD-4 and FPS-18/MTD

systems in thermal roise was determined using the TFAST test target generator
(TTG). Each system was operated with a 10~5 Pfa. One hundred and twenty eight
RF antenna scan-modulated test targets (32 in each of 4 conceéntric rings) weve
moved in range (TTG velocity) and azimuth (J ACP) each antennz revolution.
These targets were varied in applitu.de using a precision HP-S382C RF attenuator
from below noise level to the point where 10C~percent Py wes obtained in 1-dB
steps, Fifteen scans of data were taken fcr each sten. Pulse widths for both
systems were set to 1,0 microsecond (us). The TIG runlength set to 1.0 micro-
second (us). The TiG runlength (antenna beam shaped) was set to equal the two-
way 3-dB antenna (ASR~5) runlength at the pulse repetition rate of the radar
syusem used. Both systems were operated on dummy load. The TTG variable
velocity control wes wet to provide near-optimum speed targets.

The following calibration method was used to determine the signal-equal-to-
noise point for hoth gystema., First, the receiver IF noise level was measured
uring 4n rme voltmeter. Then, a TTG RF continuous wave (CW) signal wvas
introduced which provided a signal-plus-noi. &« power level 3 dB above that of
the noiee alone, Thie TTG signal output level correspond»: to a signul-io-
noige ratio nf approximately vnity,

The number of IOP radar carget reporis {prior to tracking) for each system
wag ugded to deteirmine ite P4, The resuliing data are presented in figure 20.
For the ASR~7/RVD-4, dats for the normal receiver are presented. For the MID
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system, the curve for detection in two CP1's is included to show the added
signal strength required for multiple CPI detection. Since the test targets
were moving in a spiral fashion, possible range and azimuth gate-splitting
losses are included in the data shown in figure 20. Separate tests were made
to isolate these factors so that the data shown could be compared to
theoretically predicted values. For the MID-equipped system, a test target
was moved in range only and then azimuth only, and the resulting variation in
P4 was measured. It was thus determined that an average P4 loss of 1 dB was
experienced due to range gate-splitting losses, and an average l.5-dB loss was
experienced due to azimuth splitting. These azimuth-splitting losses were
ascribed to the following factor., The MID processing algorithms did not
utilize all tne possible data. That is, only 3,840 pulse repetition periods
(PRP"s) (480 CPI's x 8 DFT pulses per CPI) out of a possible 5,828 (1,240
average FRF x 4,70 seconds per antenna scan) were directly processed. The
nonused PRP information between CPI pairs required for antenna/processor
synchronization (to compensate for antenna wind loading) and the two pulses
eacl: CPI required to '"charge" the three-pulse canceller resulted in the above
reduction in data processed,

Separate tests of the ASR-7/RVD-4 system (reference 2) determined that it
experienced a 2.0-dB loss due to range gate-splitting losses,

The IF passbands of both systems were considerably wider than an optimum
filter. From thc literature, an optimum filter bandwidth for a 1- s pulse
would be approximately 1.2 megahertz (MHz). The FPS-18/MTD and ASR-7 band-
widrhs were measured to be 3.65 and 2.75 MHz, respectively, Each IF was
followed by a narrow video bandwidth which increased the signal energy to
noise power ratio to approximate a matched filter, A collapsing loss
(reference 3) may have resulted from the instrumentation of this type of
filtering, since the 50-percent P4 points for both systems were approximately
1.0 dB higher than expected from theoretical P4q data (reference 4) when the
above range and azimuth losses were considered.

VELOCITY RESPONSE. The velccity response of the MID filters individually and
combined are shown in figures 21 through 25, These responses were determined
by measuring the TTG signal strength (variable velocity ring-around target)
necessary to obtain a 50-percent probability of detection. The probability of
detection was measured at the maintenance DEDS indicator using numerice
generated by the NOVA minicomputer.

Figure 21 shows the velocity response of the nonzero filters. Since filters 1,
2, and 3 are mirror images of filters 7, 6, and 5, they are not included, but
can be deduced from the data shown. The effect of the three-pulse canceller on
the shape of the individual filters and their sidelobes can be seen. Also note
that the low-velocity filter sidelobes were highest in amplitude. This was
cavsed by the effect of the three-pulse canceller preceding the DFT. These
w#idelobes which extended throughout the Doppler range limited the amount of
subweather visibility obtainable, For instance, an aircraft signal with a
radial velocity of 110 knots would have its maximum response in the number 7
filter. 1t would, however, have to compete against any weather entering the
filter via its low-velocity sidelobes shown, The number 7 filter sidelobe at
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40 knots is seen to have only 14-dB less sensitivity than the main lobe. This
collapsing loss is seen to be less for the center filters.

The qualitative subweather visibility as a function of velocity response of

the MTD system is shown in figure 22. The weather system shown (normal video)
was moving toward the upper right (Northeast) of the photographs. The numerics
shown were generated by the NOVA minicomputer and represent MID filter outputs
0 through 7. The ring-around TIG signal was given a low positive (incoming--
filters 2 and 3) Doppler in figure 22(a) and a low negative (outgoing--filters 5
and 6) Doppler in figure 22(b). Figure 22(a) shows loss of subweather velocity
with incoming weather, and figure 22(b) a similar loss with outgoing weather.
This corresponds to the approximate 12 dB of subweather visibility obtainable
in these filters. However, from these figures, it can be deduced that a small
propeller-driven aircraft which characteristically has a wide signal spectrum
wouald have a high probability of detection, regardless of its location and
heading. This indeed was the case as is discussed later under weather flight
testing.

In figure 22(a), the several targets of opportunity (groups of numerics) also
show this effect., TFigure 23 further shows the effect of the radial velocity
ccaponent of a wcather system on system operation. The photographs shown were
taken using the NOVA minicomputer system to perform a 64-point DFT analysis of
the weather signals. The center point of the horizontal axis represents zero
velocity. Data points to the right of center represent positive Dopplers with
the rightmost data point being equivalent to an optimum speed target., Likewise,
data to the left represent negative Doppler signals with the leftmost point also
correasponding to an optimum speed target. The three phctographs were taken with
the antenna stopped at azimuths of 90°, 150° and 330°. Two pertinent points can
be observed from the photographs. The weather return occupied only a portion of
the velocity spectrum which is a function of azimuth and weather spectral spread
and large portions of the velocity spectra have no weather signal present,
Target detection in these no-weather areae was equivalent to that in thermal
noise except for the Doppler filter sidelobes weather problem discussed pre-
viously.

The combined velocity response (multiple PRF) of the seven nonzerc Doppler
filters is shown in figure 24, The data extend to the first multiple PRF
blind speed. Figure 25 shows the velocity response of the zero velocity
filter. Since the clutter map built up for low-velocity signals resulting in
raising the corresponding ZVF threshold and since the information shownm
repeated at intervals corresponding to 360° shifts between pulses in the test
signal, the data ~hown were measured between velocities corresponding to the
first and second multiples of the system nonstaggered pulse repetition rate
and translated to zero velocity as shown.

The MII velocity response of the ASR-7/RVD-4 system was dictated by the ASR-7
three~pulse canceller, This information can be derived from the ASR-7 tech-
nical manuals.
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SUBCLUTTER VISIBILITY (SCV). The comparative subclutter vigibilities of the
two systems are shown in figure 26, SCV was determined by exactly super-
imposing a modulated (antenna beam shaped) TTG teat target of the correct
system runlength over isclated fixed-clutter echoes of known amplitude. Then,
the test signal was adjusted in amplitude until the desired probability of
detection was obtained. The resulting difference in amplitude between the
clutter echoes and the test signal was defined as the system SCV. The MTD

SCV was measured at the maintenance DEDS indicator using the NOVA minicomputer.
The RVD-4 SCV was measured using ine ARTS III equipment. For this test, a
clutter echo with a strength of 42 dB with respect to receiver noise was used.

When the clutter-received echo strength exceeded the dynamic range at the A/D
converters (approximately 42 dB), splattering resulted. When this occurred,
the MTD outputted spurious Doppler information (nonzero velocity) resulting in
false targets, To overcome this problem, the COHO input to the I and Q phase
detectors was attenuated. The resulting conversion loss was utilized to main-
tain clutter echoes within the dynamic range capabilities of the MTD system.
This mode of operation resulted in loss of SCV in conjunction with some clutter
echoes, This phenomenon is discussed later in this report under ASR-5 and
ASR-7 testing. As shown, several test target velocities were used to better
define the relative SCV capabilities., The MTD zero-velocity filter provided
interclutter and superclutter visibility but not subclutter visibility,

This resulted in the loss of SCV at low velocities.

TARGET DETECTION ACCURACY. To determine the relative capabilities of the
ASR-7/RVD-4 and FPS-18/MID systems to provide accurate target location data in
both range and azimuth, the following tests and analyses were performed.

Target report data (ARTS III before tracking) were collected for both asystems
using the same targets of opportunity and identical scan numbers. Thirty scans
of data were analyzed for each 30 aircraft tracks. Nearly straight tracks

were chosen., The data were recorded on magnetic tape for analysis. A variety
of track locations and headings were used.

A least squares fit of the data to a fifth-order polynomlal was chosen as the
criterion for accuracy. That is, the deviation of the data from the polynomial
curve determinated its smoothness and hence accuracy,

The equation of the polynomial used was:

Y =a+ By X+ By X2 + +By Xk
Where:
as B = the coefficients of the polynomial

X = the scan number
Y = range or azimuth
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The deviation was calculated as follows:

N
S = I (Y - D2
K=1
N -1

Where:

S = atandard deviation

N = -gmbher of data points
K = degree of polynomial
Yy = observed data

Y = mean value of observed data

The deviations determined by computer analysis using the above equations are
plotted in figures 27 and 28,

Subsequent to the comparison accuracy tests described above, an additional
effort was undertaken to determine if additional MTID range accuracy could be

obtained by employing a range-centroiding technique similar to that used for
azimuth centroiding. The centroiding was performed according to the equation:

N
R(centroid) = I Ry S
J=1 éj

where R and S are the ranges and strengths of the signals in each CPI making
up the target veport.

Seventeen aircratt tracks wers analyzed using the techniques described above.
The results of this test are shown in figure 27.

SYSTEM FLIGHT TESTS.

Results from five areas vf comparative performance flight testing are presented
below. These areas are system seneitivity, tangential target devection in
clutter, subclutter visibility, subweather visibility, and target resolution.
Blip/ascan information for hoth systems was collected at two points in the

ARTS III ADTL Program. The data collected at the first point were radar

reports from the output of the previously mentioned RIP po:tion of the

program. The second data collection point way at the output of the ADTL program
(tracking output).

Both radars were operated with similar R™4 STC curves extending out to 12.25 nmi.

The transmitter/recciver loop gains of the two avstems were normerlized based on
their respective recelver noise figures and average trensmitter powers.
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Two factors should be considered in the normalization of the FPS-18/MTD and
the ASR~7/RVD=4. Firstly, the MTD system, due to its longer runleng' % (21.53
hits/3—dB one-way antenna beamwidth versus 17.29 hits for the ASR-7/RVD-4)
would have an advantage in detection capability. Secondly, the ASR-7/RVD-4
system would have, at the same time, an offsetting advantage due to its higher
energy in each pulse processed. This is, with its lower pulse repetition
frequency, each transmitted pulse of the ASR-7 had to contain proportionately
more energy to provide the necessary average power for equalizing tie transmit/
receive loop gains of the two systems. Equaiizing the loop gains likewise
compensated for the difference in transmitter pulse widths between the two
systems. The FPS-18 and ASR~7 radars operate with 1.0-ps and 0.833-us trans-
mitted pulse widths, respectively.

The average power and noise figure measurements were made at the diplexer
antenna port to eliminate differences in waveguide losses.

SENSITIVITY. Sensitivity flight testing was conducted to determine the
comparative perfcrmance of the twe radar/processor systems in detection of a
low-flying small aircraft. This was done at the outer limit of radar coverage
in a clutter-free environment, To accompiish this, a Piper Arrow test aircraft
was orbited betwcer 20 and 22 nmi in range, first at an altitude of 1,000 feet,
and then at 1,500 feet. The ASR~7/RVD-4 system used log normal video during
this test. Data from 365 antenna scans were analyzed yielding the following
blip scan ratics:

ASP~7/RVD=4 Radar Reports 75 percent
FPS-18/:1TD Radar Repvrts 73 percent

These data show that approximately the same blip/scan ratios were obtained

from the two sensors., Their approximately equal performance in this test was
expected both from the probability of detection tests discussed previously and
from theoretical conasiderations of detection probability as a function of
target runlength and probability of false alarm. Particularly important, it
follows that the normalization of the two systems to achieve equal transmitter/
receiver loop gain was effective.

Therefore in the subsequent flight teste described below, any disparity

between thesz systems was attributed to the relative performance of the systems
in a clutter environment. Figures 29 and 30 illustrate the tracker output of
the two systems during the sensitivity tests. It is important to note that
these photographs and subsequent photographs represent radar-only tracking.
These pictures and subsequent photos were obtained from data extraction tapes.
These comparative photographs were made from the same flight test segments

and display every scan of information for 50 scans. The symbol "A" on the
photographs regresents a radar track output., Other zircraft tracks shown are
from targets of opportunity. )

TANGENTIAL TARGET DETECTION OVER CLUTTRR. Tangential target detection capa-
bility over clutter was determined by making tangential teat flights over the
Atlantic City area, The flight teat aircraft (Piper Arrow) was flown at

an altitude of 1,000 feet, The clutter is shown centered at 7.5 nmi and 145°
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in {igure 31. Maximum clutter peaks in this area are approximately 45 dB above
noise level. For the purpose of this test, a tangential taryct was defined

as one wWith a radial velocity of less than 30 knots. Thirty knots represents
approximately the knee of SCV curve ip figure 26 for the MID system. A tota)
of 10 runs over the clutter were analyzed, resulting in the following blip/scan
ratios.

ASR-7 /RVD~-4 Radar Reports 50 percent
FPS-18/MID Radar Reports 96 percent
ASR-7/RVD~4 Tracking Outputs 33 percent
FPS-18/MID Tracking Outputs 96 percent

Tracking specifications for both systems for uncentrolled tracks are the same;
i.e,, three scans for automatic treck initiation and one more for display with
automatic track drop after loss of detection for three consecutive scans.
Figures 32 and 33 illustrate 50 scans of tracker outputs during one the tangen-
tial detection runs. Radial velocities exceeding 30 knots are also shown in
figures. The test aircraft was broadside to the radar during these runs with
an average quantized MTD signal strength of 37 dB above noise level. Therefore,
this test was not used for SCV determination.

SUBCLUTTER VISIBILITY, Subcliutrer visibility was determined by having a flight
test aircraft (Piper Arrow) perform a holding pattern at the Northeast end of
Arlantic City (iigure 34). In order to show any SCV improvement of the FPS-18/
MID system relative to the ASR-7/RVD-4 system in ground clutter, it can be
determined from figure 26 that a minimum of 20 to 25 dB of ground clutter is
required. Figure 34 shows the level of ground ciutter in the NAFEC/Atlantic City
area after 25 dB attenuation wes added to the receiver front end. Figure 34
depicts radar reports (a "+" symbol is used) from the test aircraft for 40 scans.
The flight test aircraft made 16 separate runs over a piece of ground clutter
approximately 1/3 nmi by 3/4 nmi, resulting in the following blip/scan ratios:

ASR~7 /RVD=~4 Radar Reports 38 perceant
FPS-18/MTD Radar Reports 95 percent

The maxirum SCV capabilities of the respective syctems can be ascertained from
figure 26.

SUBWEATHER VISIBILITY. Subweather visibility of the two systems was compared
by vectoring a flight test aircraft (Piper Arrow) through areas of precipita-
tion and comparing the resulting blip/scan ratios. The weather used in this

test consisted of scattered high-amplitude cells (up to 40 dB above rec:iver

noise level).

The aircraft was slow moving and therefore did not provide optimum testing of
the MTD's Doppler filtering capability. Figure 35 shows the PPI display of
the weather., Tha flight test aircraft was vectored eastbound and then west-
bound through the weather, Three hundred and ten scans of inforwmation were
snalyzed with the following blip/scen ratios resulting:
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ASR-7/RVD=4 Radar Reports 41 percent

FPS-18/MTD Radar Reports 96 percent
ASR-7/RVD=4 Tracking Outputs 35 percent
FPS-18/MTD Tracking Outputs 96 percent

Figures 36 and 37 illustrate part of the flight test. Note the false tracks
from the RVD-4 system in the weather.

Blip/scan ratios for hundreds of scans of data necessarily contained data when
the aircraft was in light weather or entirely out of the weather. This occurs
at the weather system fringe and at areas of light weather within the system.
Blip/scan ratios from any actual weather system might therefore be expected to
be higher than would be obtained from a theoretical uniform intensity, large-
area system, To show this effect, a small portion (51 scans) of data repre-
senting one run through a high-amplitude weather cell was analyzed. The plot
of this run is shown in figure 38, Blip/scan ratios for the data shown are:

FPS-18/MTD Radar Reports 94 percent
ASR-7 /RVD=4 Radar Reports 22 percent

The average MID target signal (ARTS III target report) strength for the
51 scans shown was 22 dB above noise level.

The above data show that, as the test was made more stringent, no additional
loss in MTD Py was experienzed. The ASR-7/RVD-4, however, experienced a
significant additional loss. Note, that this loss was complete at the center
(high-level) portion of the weather cell,

AIRCRAFT RESOLUTION. The ability of the two systems to resolve signals was a
function of the radar parameters, processor capabilities, and software manage-
ment of the data in the ARTS IIi equipment,

The transmitted pulse widths of 1.0 us and 0.833 us (for the FPS-18 and ASR-7
radars) limit the minimum range separation capabilities to 0.981 nmi and

0.067 nmi, respectively. The ASR-5 antennz used by both systems had a one-way
3-dB beamwidth of 1.33°,

Each CPI used in the MID processor subtended 0.618° in azimuth. This contri-
buted to increasing coarseness of azimuth data. The 1/16-nmi range increments
used in both processors corresponded to 0,0625-nmi minimum resolution.

The processing ulgorithms used in the MID ARTS III RIP consolidated data in
adjacernt range bins into a single target report, making the minimum possible
range resolution 0.125 nmi. Likewise data in adjacent CPI's were consolidated
iuto a target report,

The resolution capabilities of the two systems were tested by flying two flight
test aircraft (a Piper Arrow and an Aero Commander) in a series of crossing
maneuvers while proceeding radially, tangentially, and obliquely with respect
to the radar aite.
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The resulting data were analyzed in two ways., First, data from 15 alrcraft
croasinga were analyzed from computer printouts to determine the minimum range
resoluticn when the azimuth separation was zero, and conversely, the minimum
azimuth resolution when the range separation was zero. The minimum range and
azimuth separations obtained for the MID were 0.125 nmi and 2.2°%, respectively.

Thias agrees closely with predictions based on analysis of the parameters given
above; the ASR-7/RVD=4 system provided minimum range and azimuth separations
of 0,125 nmi and 2.5°, respectively.

The second analysis was perforwmed by making computer plota (in X-Y coordinates)
of the flight tests and measuring the minimum resclution obtained before and
after each aircraft crossing. For the MID, the average minimum resolution for
77 cases was 0,25 nmi. For the ASR-7/RVD-4 system the average minimum resolu-
tion for 30 cases was 0.44 nmi. Fewer cases were obtained for the ASR-7/RVD-4
system, since its poorer resolution capahility prevented its distinguishing all
aircraft separations anad mergings.

Figure 39 shows the resulting data on the capabilities of the two systems to
provide resolution as a function of combined range and azimuth separation
(X-Y coordinates).

The qualitative resolution capabilities of the two systems are shown in
figure 40. The photographs show simultaneous outputs of both systems. The
data shown are radar reports from the ARTS 111 system before tracking.

Additional iosg of resolution was experienced in the ARTS III tracker due to
the size uf the primary tracker window, Figure 40 (sheets 7 and 8) show the
tracker (radar only) output correaponding to the radar reports shown in
figure 40 F‘wwrs 5 and 6). This indicates that further improvements in the
tracker alguiitnms and possibly more use of available MID information (e.g.,
Dorpler/stringth) are required to make full use of the radar data inputted to
tue tracke-,

ASR-5 AND ASR-7 MTD COMPATIBILITY TESTS.

STABILITY YESTS. The MID processor was also operated with the ASR-5 and ASR-7

radars located in the TFAST. These tests were made to determine if the radars
provided operacion staole enough for an MID system. In these tests, the ASR-5
was operated with magnetron tuning from a solid state fixed-frequency STALO
being tested for field use. Likewise, the ASR-7 had a tuned magnetron utilizing
ite own STALO operating at a fixed frequency. The timing of both radars were
slaved to the MTD. Otherwise, both systems were unmodified. No attempt was
made to optimize the twe radars operation for this test. Preamplifier outputs
from the radears were used am inputs to the MID and to the frequency stability
test circuitry described below. '

Comparative stability photographs of the FPS-18, ASR-5, and ASR-~7 radars are

shown in figure 41. These photographs were t<ken using the Single Gate Proces-
sor (SGP) Fast Fourier Transform (FFT) anal: routine furnished with the MID
software for the NOVA maintenance/test minicc.puter. The resulting information
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was then presented on an Imlac graphics display for analysis and photographing.
To make these photographs, a fixed target was spotlighted with the antenna beam,
aud an SGP analysis wac performed on its received signal., The center of the
horizontal scale in cach photograph reoresents zero frequency. Negative
Dopplers are to the left of zero, and positive Doppiers are to the right. The
64 segments of the horizontal axis mark the 64 outputs of the FFT (64-point).
These 64 points cover the unambiguous Doppler range of the three radars. Thus,
zero Doppler is at the center, and optimum Doppler at both edges of the idisplay.
The trequencies of responses seen can be determined by interpolation. The
figure of merit in this test is the difference in amplitude between the desired
fixed-target zero-Doppler response and any spurious frequencies generated in

the radar systems, For the engineering mode 1 MID at NAFEC, these spurious
frequency components nust be at least 42 dB (the MID processor dynamic range)
below the zero-Doppler signal to avoid being outputted as targets. The low-~
amplitude responses in each photograph represent system noise. Each of the
three radars provided operation stable enough for MTD processing. A description
of the ASR-5 and ASP-7 modifications necessary for MID operation are given in
appendix D.

SUBCLUTTER VISIBILITY. The SCV capabilities of the ASR-5 and ASR-7 radars

]

with the MID were also tested. In preparation for these tests, the effect of
limiting the received radar information prior to digitizing was investigated.
Two types of limiting were involved, The first was implemented by attenuating
the COHO signal to the phase detectors. The resulting conversion loss was
utilized to maintain (limit) strong signals withi.. the dynamic range of the
MTD system. This was done to avoid limiting in the A/D's, which resulted in
generation of spuricus frequencies causing false Doppler information to be
outputted by the MID,

Figure 42 shows typical conversion losses caused by attenuation of the COHO
signal, Note how strong signals are attenuated (limited) due to lack of
sufficient COHO signal. Typical corresponding SCV losses for geveral

clutter levels are shown in figure 43, The SCV was measured using the TTG

as described previously under comparative SCV testing. These curves show that
some optimization of the phase detector input signal levels can be performed.
Thus, in the MID system tested, COHO attenuation was used to keep clutter

echoes within the system dynamic range with nominal sacrifice of SCV., Without
COHO attenuation, false alarms were generated by large-amplitude clutter echoes.
Note that SCV in excess of the systems dynamic range wae obtained from large
clutter signals. In conjunction with this phenomenon, the dynamic range of the
IF amplifier was investigated. First, the linear dynamic range at the ASR-7
preamplifier output was measured to be at least 75 dB. Therefore, any nonlinear-
ities were attributed to the IF amplifier.

The dynamic range of the IF amplifier was determined by viewing its output on
an cscillosccpe when large-amplitude signals were inputted to it. Signal
saturation occurred at 45 dB above noise level. Strong signals were limited,
therefore, in the IF amplifier.
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This was the second type of limiting. Thus, the individual effects on SCV of
CORO attenuation and IF limiting on large-amplitude clutter (greater than the
system dynamic range) were not defined. The combination of COHO attenuation
and IF limiting did not generate false Doppler informat:... and did maintain
signals within the system's dynamic range capabilities. For example, two cases
of large=-amplitude clutter were investigated. With the 50-dB clutter depicted
in figure 43, an SCV of 45 dB was obtainable (with low COHO attenuation). In
the second case, a 62-~dB clutter echo yielded an SCV of 47 dB.

The SCV capabilities of the two radars for pertinent velocities are shown in
figure 44, The curves shown compare closely with those in figure 26 of the
FPS-18/MID combination. Thus, the MID provides approximately a 20-dB improve-
ment in SCV compared with conventional MT1 systems for each of the radars
tested.
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SUMMARY OF RESULTS

1. The MTID system was operated with a 10~7 false alarm rate. This corres-
ponded to a 6-mV receiver noise level and a 42-dB raceiver dynamic range.
This false alarm rate produced approximately 30 thermal false alarms per scan.

2, The MID interference eliminator removed RFI in a clutter-free environment,
wWhen clutter was present, the MID interference elimination algorithm did not
function acceptably, In this instance, an ARTS III RIP iInterference elimina-
tion algorithm was used to remove the remaining interference,

3. Wwith an R~ STC curve extending to 12 mmi, the number of MTID reports due
to angels ou occasion exceeded 1,300 per scan. Second-level thresholding

in the ARTS I1I RIP was developed which prevented these angel reports from
causing false tracks,

4. Without second-level thresholding, the ARTS III system was unable to
process heavy angel clutter data outputted by the MID.

5. Angel clutter extended throughout the MID Doppler range, appearing as
both single-and multiple-~CPI reperts,

6. Second-level thresholding in an angel environment resulted in a loss of
sensitivity proportional to the amount of angel clutter present. Since the
second-level threshoiding adapted to the environment, it was more selective
than STC and hence allowed greater overall sensitivity than STC.

8. Weather systems tested with the MID on occasion extended throughout the
unambiguous Doppler range during an antenna scan. The MID thresholdz eliminated
almost all of the resulting clutter information. However, sharp leading and
trailing edge discontinuities resulted in false targets being outputted by

the MTD. This was particularly so for the zero-~velocity filter, due to its
unique implementation using the clutter map., Most of the false target infor-
nation was from single CPI's and was fairly evenly distributed in Doppler.
Se:cond-level thresholding in the ARTS III was developed which eliminated
virtually all remaining false tracks due to weather phenomena.

9. A loss of system sensitivity was experienced due to the MTD hardware and
the second-level thresholding in weather. This loss was a function of weather
amplitude velocity, and spectral spread.

10, Second-level thresholding resulted in no appreciable loss of system
senaitivity when operating in a clutter-free environment.

11, Flight tests showed that at 8,000 feet at a range of between 3 nmi and 6 rmi,

54 dB was the maximum STC value which would allow a 50-percent Py. This fact
precluded use of large-attenuation STC curves to remove all angel clutter.
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12, With a 1,0~ 8 test signal moving in range and azimuth, the FPS~18/MTD
and ASR-7/RVD-4( systems provided 50-percent Pq at 5.2 dB and 5.7 dB above
recelver noise level, respectively.

13. The MID DFT velocity filtering scheme accurately separated information
into eight Doppler filters with target strength numbers for each filter.

This Doppler end strength information enabled subsequent selective processing
and thresholding of targets and clutter on the basis of strength and radial
velocity.

14, The first multiple PRF blind speed occurred at 594 knots.

15. Weather signals typically occupied cnly a portion of the unambiguous

Doppler range. The porrion occupied was a function of the radial velocity
of the weather as determined by its location and direction with respect to
the radar and by the radar pulse repetition frequency.

16. The MTD provided a minimum of 12 dB of subweather visibility., This lower
limit was imposed by sidelobes from the combined three-pulse canceller and

DFT filtering, The wide spectra of propeller aircraft returns enabled small
aircraft detection in several DFT filters (some with possible lower level
weather signals) which mitigated the above limitation.

17. The MID provided a 20-dB improvement in SCV over the ASR-7/RVD-4 system.

18. The MID zero velocity filter provided superclutter visibility and inter-
clutter visibility for low-velocity targets.

19. The MTD system, as delivered to NAFEC, provided better range and azimuth
accuracy than the ASR-7/RVD-4 gystem.

20. Range éentroiding (developed at NAFEC) in the ARTS III RIP provided a
further improvement in accuracy.

21. The MTID and ASR-//RVD-4 systems provided equal target detecticn capabili-
ties in the clear during controlled aircraft flight tests.

22, The MID system provided superclutter visibility for tangential targets
during controlled aircraft flight tests. In tangential segments (within

30 knots radial velocity of the tangential point), the MID and ASR-7/RVD-4
systems prouvided Pd'a of 96 and 33 perceunt, respectively.

23, Controlled aircraft subclutter visibility flighr tests of the MID and
ASR-7/RVD-4 systems produced Py's of 95 and 38 percent, respectively.

24, Controlled aircraft subweather visibility flight tests produced the
following P4's:

ASR~7/RVD-4 Radar Reports 41 percent

MTD Radar Reporis 96 percent

ASK~7 /RVD=4 Tracking Outputs 35 percent

MID Tracking Outputs 96 percent
33




25. The average minimum tsvget resolution distances for two flight test
alrcraft for the ASR-//RVD~4 and MTD systems were 0.44 and 0.25 nmi, respec-
tively,

26, The ARTS III tracker was not capable of resolving s&ll the target informa-
tion provided by the MID. The tracker window size was too large for fine
resolution.

27. The FPS-18, ASR-7, and ASR-5 (with solid state STALO) radars provided
sufficient stability (greater than 42 dB) for MID operation.

28, MTD SCV when operated with ASR-5 and ASR-7 radars was equal to that
obtainable when operated with the FPS-18 radar.
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CONCLIISIONS

From the results, it was concluded that:
1. The MTD/processor system is superior to the ASR~7/RVD-4 system,

2. The MTD/processor provides data suitable (low false alarm rate and high
probability of detection) for automated system processing.

3. The combination of MID and ARTS III processing effectively eliminates

clutter (weather, ground, and angel) and nonsynchronous interference experienced
in the NAFEC environment,

4. Terminal radars in the FAA loventory are capable with minimal modification
of providing outputs suitable for MTD proceesing.
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RECOMMENDAT IONS

It i8 recommended that:

1. The MID/processor concept be used in all future FAA surveillance radar
systems,

2, A cost benefit analysis be performed to determine desirability of
retrofitting existing FAA surveillance radar systems for MID operation.

3. Second-generation MID's be procured for operational tests at selected
field sites, beth terminal and en route,

4. Further work be accomplished to refine ARTS III MTD processing algorithms
to provide optimum false alarm management and use of Doppler information for
improved tracking.

5. Further work be accomplished to determine the best radar system config-

uration for MID operation. Radar equipments and concepts such as circular
polarization, frequency diversity, and the passive horn should be investigated.

36

- e e wE s o s




REFERENCES

1, Drury, William H,, Improved MTI Radar Signal Processor, Report No.
FAA-RD-74-185 (Lincoln Laboratory Report ATC-39, 1975).

2, Holtz, Martin H, and Waplehorst, Leo J., Test and Evaluation of the Radar

Processing Subsystem of the All Digital Tracking Level System, Report No.
FAA-RD-76-197.

3. Barton, D. K., Radar System Analysia, Prentice-Hall, 1964,

4, Skolnik, M. I., Radar Handbook, McGraw-Hill, 1970,

37

Rask I .
5 T T S Thy | A —— P T . T



3G.987 MH: BURST GENERATOR
AND VIDEO AMPLIFIER

B “ ‘

TESTY C-ONTROLLtR AND
INTERFACE

MID EQUIPMENT

38

Bt dts  con i V—’—-'" PR SN A




WVEOVIA M20T1d 40SSdV0Ud (IW QAIJAITAWIS 7 ANOIA
2-62-1L
dYN
311010 wolodiia
P »xowwh NOILvdALvs [©
AGNLIIdNY v L
TONVH e GTOHSIHHL
ALDO1IA (2 4311075
Hiarazy aNAO¥D
dOl 11 S14VY OX ) 43111 o
TAISHNOAY . 4TI
{ aTLLATO FANLINOVN ALIDOTIA
asa04o ouTZ _
AV AYILINI | - ]
31 - :
s1uv QTOHSTHHL __
ONIIHOIM o o711
8 aNY e 133 ATTTIONVD e
AANLINDVIK LNIOd-8 1s1nd-¢
GIOHSTHHL —
¥z711010
WTHIVAM
HOLVYNINMZ
AONTHT TN [

[og )]
IS Lo it ]

o2} ]
ailv

CIAA
- qvave
O

e T s o T TR

.. 39




KVEOV1A XO01d dd1J1TdKIS 414 AIX II1I SIdV ‘¢ FWNo1A
o
T.
\
o
HINIVHL €-62-4L
111 SI¥VY OL
1nd41n0 w.
3401S
1904y
gvavy (=
L 4
A
ONIGTORSINHI ONISSTDOND ONISSIDOUd NOI p<a._w_uhmuww ain
TIATT 1dcd3d adodo3d ’ 4314400 [ 1NdN1 j— mON 4
-an 1adN:
aNoz IS _ 110¥VL 130¥VL w IoNVY nd
p
R
E
S 4
R P




=

RALSAS ROIIONAAY NV NOTIISINDOV VIVA AAILVEVAAOD % Funold

(-7 q1vL 1svil

saia

:uhﬂw.mww Aviasia
SHIVED
~ININ i

0721 YAON

o N T W g e

Yy
ain  ke— -sus hzuimm:uhm
‘ -
1 Y M
-
m
L1AOININd NOILOVM 1X3 ..uam:nv,._
——] — -ud .
viva Siuv viva osé I BIXSTAE TvNOLLO TG !
41Vl |
ﬂ ‘ H “ YNNI 1INV
sai1a ol
O . svag el  »-aAY p—] -mgsV
ﬁ £-1DIV




WBISASENS  UZTI-VAON

i

quuk.d&«.‘.wm‘w&xﬁu—

1L TAWODINDN
771"V AON

*c TANO14

¥ALl

dam3

42

s

ey

PR e

+ym e gy



PROBABILITY OF FALSE ALARM (Ph)

in-4

1n=5%

10-¢

T 1 17

|

L ITj]

o L

THRESHOLDS
FILTERS 1 AND 7 12,83 dB
FILTERS 2 THROUGH 6 11,91 dB
FILTER O 14,8 dB

-1 100

FALSE ALARMS PER SCAN

. | A A A L _Jw

4 6 8 10 12 14
A/D INPUT NOISE LEVEL (MILLIVOLTS RMS)

FIGURE 6. MID THERMAL FALSE ALARM CURVES

43

oo

FALSE ALARMS PLR SCAN




T S A

FIGURE 7. MID INTERFERENCE ELIMINATION

44




(sSury °8uey TuWu-G) INWWNOWIANI TIONV IHOTT V NI . -
ONIQIOHSTYHIL TIATT-ANCOIS INOHIIM ANV HIIM SAVIJSIQ IIOAVL °g8 TANOTA m
FrMti 000K IBHE-SHIVEL ONI0HS WKL -S1 804650
3
|
Iy
w .n..
4 . .
W
B
i
L




(s8uty °3upy TwWu-g) INAWNOYIANA THONV XAVIH V NI
ONITTIOHSAYHL TIAFT-ANODIS ILNOHIIM ANV HLIM SIVI1dSId II9¥VL ‘6 NNO1I

.U Q30 0HS I - SIOVEL B GTOHS TL-S 1IN0 & M

T e e

46

03005 JPUNT-S ATV UL O

e e e - SR e e




i

3

1000

500

400

200

100

lo

SECOND-LEVEL THRESHOLD STRENGTH NUMBER

T F 17T

Tllrl

1

)

i i L 1 i i

1 5 n 15 20 2% 30

SIGHNAL LEVELU ABOVE NOISE (4B) 77-29-10

FIGURE 10. SECOND-LREVEL THRESHNLD STRENGTH WUMBER AS A FUNCTION OF

N MR e A g

SIGNAL STRENGTH
. 47

35

TP

T L PR k]




(sSuty °8uey Twu-g) OIS IP-%G ‘INTWNOYIANT TIINV NV NI
INTCIOHSTYHI TIATT-ANODIS INOHLIM GNV HIIM AVIdSIQ IZ9¥VI 11 FINOL:

(R 00WHS L -SHIYRL @ GICOHSIAML-S LIDd R &

48

- .

T

Y




(s3uty 23uey TWuU-C) OIS €P-87 ‘ INIWNCHIANY TIONV NV NI
ONIQIOHSTYHI THATI-ANOOFS INOHIIM NV HIIM AVIASIQ II9WVI  “CT FINOLI

SEWHG I € 8047 K

et e

B e T R




E

(s8uTy °23uvey TUM-G) DIS GP-z¥ ‘ INAWNOYIANA TIONV NV NI
HNICTIOHSTYHL TAATT~ANODES INOHIIM OGNV HIIM AVIdSIO IFo¥VI  °¢1 FANO1A ;

3o T QNG IeL-S XAl o QA0S ML -SLIDGR 8

50

GIOHS JgniNn SHIvis (&

PO

e e




(sSuypy °8upy TWu-g) OIS GP-9¢ ‘INIWNOYIANA TIONV NV NI
TIOHSTYHI TIATT-ANODES INOHIIM ANV HIIM AVIdSId Ia9dvVI  °%1 TdN9LA

TELWC I SN 6 GIIOHS 38ns-Si80a 38

51

B

CHWOHS I8 S Ve, CIIOHSIBHIN -S 130418 @

}




(s3uty¥ 23uey TWu-Q1) ONICIOHSHYHI FYVMIIOS INOHIIM ANV
HIIM WIHIVEM NI NOIIVYIAO QIM 304 INdIn0 YDIOVEL TII SIdy °C1 TdmO1d

vet-u NS 23V @ AN 10

52

car e e e

T —r— g e <




(» THRESHOLDED
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COASTING (10-nmi Range Rings)

53

..... -~ —.,.—I--mv P ot LIRS St e T I~y - " -




SAANND O1S WALSAS  “L1 FEMOIA

L1-62-LL SANDODISOYDIIN NI INWIL
09t 0¥1 021 cot 08 99 i X
: T T { v ' 09

(NOILVANILLY WAWIXVA 9P #5) AIW/81-Sdd

(-9 ‘FUT 02 1LV
O¥IZ Ol TVAUE NOILVANILLV)
FAMND 1-SSD VVA TVIIdAL

- -




001

dAdND aMIVA DiS a1 81 JUNd1d

81-6c-LL STTIN TVOILAVN - ADONVYH

01 0%

T ! 0
st
o€
Sv
09
sL
06

T

(gp) INTVA D18 ONHIZ IDNVH

53

g SRS




e e hal

100

S0
40

30

20

19

[t}

MTD REPORT STRENGTH NUMBER

ryrr

- 8,000 FEET ALTITUDE RUNS

— o= — 4,000 FEET ALTITUDE RUNS

- 24

- baee Jan R - A arwmmmane 2 e SR {

P~ -
-]
= 2
- i8 Pt
- Q
Z
O]
&
[
- 7]
- 12 ﬂ
4
o
50% Py 0
)
- g 516220 -4 6%
B 3]
i —— E
= <
4 ¢
-
P
e 5 1 A o A
0 1 2 3 4 5 6 7
FIGURE 19. AIRCRAFT ECHO STRENGIH VERSUS SIC
56
g




PROBABILITY OF DETECTION (P j%

too

80

70

60

50

40

30

2C

10

lo-% P‘.

FPL -4+/MTD (2 CPI'S)

~h

i
4 b 8 1o i
TEST TARGET SIGNAL-TO-NOISE (dB) 77-29-20

FIGURE 20, MID/RVD-4 COMPAPATIVE PROBABILITY OF DETECTION

37

14

- — eI —n— @ at g et e e




£
.. ]
... t.‘
s"'
o‘.‘
... /-—- -__.u
.. /m
-' ’/
.‘ - ""
« - _ / (
- _ ;‘
: e g
. -
; / ——’
/ i ‘-‘—' )

190 110 12" Sl

8n 9n

TEST TARGET RADIAL VELOCITY (nmi/hr)

(1]

50

F
53
> @™
N C
0 ."
- %
" )
8'.“;.. N
i
gmuﬂ-
e b
< —
a.ul.‘f:iﬂ S
W oo b Q
T Z "
S [ o 7] .
°f
I\ A A A <o
& ¢ 2 S ] <

(gp) HIONFY LS TYNDIS FAILVIIY

58

77-29-21

YELOCITY RESPONSE OF MTD NONZERO FILTERS

FIGURE 21,




o

F:GURE

(b

to
TS

. MID VELOCITY RESPCNSE IN WEATHhEK

59

e B e g rAve e e gggee ek e

gy




(1) ANTENNA AT ot

L eerge 1 eiea-e teeria e Bise aisses

Bols vt siereaionne

. (b ANTENNA AT 150° (¢c) ANTENNA AT 330°

77-29-22
FIGURE 23. PRECIPITATION SPECTRA

60




QEANITHOS £ HOMOWHI T SHEIIIJ A5NOASEM ALIOOTAA QIR °%Z BWNOIA
vz-67~LL
(ag/nuw) X LIDOTAA TVIUVY 1IDYVI 1STL
5€9 $ IS 808 S ‘bbb 185 IR L $S¢ S *G61 L S °€9
T T 7 ! T T T I .|
Pa %05 —

N——

Jdd ITIILTIAN

or

TIATT ISION ADVHIAY JAOQHY GP 16 1
TAATT ASION ADVEIAY TA0QV QF €8°7

GCTOHSHEHIL 9 OL 7 S¥ILTIA
QTOHSHYHIL L ANV 1 SHA LId

~05

(gP) HLONTN LS TYNDIS TAILYTIH

61

~

LRI TR R

%



YILTId OWIZ TIA JO ISNOISAY A1IDOTAA *G6Z

4NO1d

si-6e-ll (aq/wuru) A Li3OTTA TVIAVYE LIDYVI 6L
0¥1 07t 0ot o8 09 0% 02z 0
1 L R 1 I 1] |
\ ( l
-
ddd ATONIS
dP 96 °5T QTOHSTUHL
. Pq %0g

02

ot

oy

0%

(€P) HIDONIHY LS TVYNDIS TALLYIZY

A s e T

52

1

e

g’ s

hi
L2

- ;—W s me
TR



T N

SUBCLUTTER VISIBILITY (db)

40'—

o

(¥
o
 §

~
(=
S

10-5 PRCGBABILITY OF

¥ ALSE ALARM
42 B CLUTTER

] -

30%
/: — S —
/ 50% ASR -

pd = 10%
%
50%
70%
___90%

?FPS - 18/MTD

N 7/RVD - 4

o y—— 4_—.—.‘.—.-—7

1 } I} 1

9.1 0.2

RADIAL VELOCITY/ELIND EPEED

FIGURE 26.

0.3 0. 4 0.5 0.5 c.
77-29-26
COM, ARATIVE SUBCLUTTER VISIBILITY

¢3

""M‘MWWT "\":m—r

7

S




1
!
!
]
%
{
;

1006
[ FPS-18/MTD (WITH RANGE /

CENTROIDING)

ao b

CHYS

70

LESS THAN GIVEN VALUE

21}]

WAS

50

40

THAT RANGE DEVIATION

10

TIME

PERCLNT Of

—— e— -

\
\

FPS-18/MTD

ASR-7/RVD-4

1 1 ) 1 A
.02 .04 .06 .08 .10 12 .14 W16
RANGE DEVIATION (nmi) 77-29-27
FIGURE 27. COMPARATIVE FREQUENCY DISTRIBUTIONS OF RANGE ACCURACY
64
I




PERCENT OF TIME THAT AZIMUTH DEVIATION

.
AR o st e

WAS LESS THAN GIVEN VALUE

ot

1

00

90 =

10] o

0k

60 |-

50

40}

30&-

FPS-18/MTD

\ASR-7/RVD-4

20
11 o
0 L 1 1 1 i i |
0 .10 « 20 « 30 « 40 « 50 +60 . 70
AZIMUTH DEVIATION (DEGREES) 77-29-28
FIGURE 28, COMPARATIVE FREQUENRCY DISTRIBUTIONS OF AZIMUTH ACCURACY
65
e

T o S . | g v mpm——y "“"""*“-&_""1



(s3uty oSuey Twu-01) ISIL IHOTTLI AIIAILISNAS WAISAS %-QA¥/L-

4.........*

a

2 .

.V:‘.‘I.-_q
\:..




WALSAS QI/81-Sdd *0g I™HNO1A

*._ ._._..i

st

.L;f

e




ap-%#¢ ‘s3uty




(s8uty a3ury Jwu-G) WILINID NI NOIIDALAd TVIINAONVI %-QA¥//-¥SV  °*C€ TENOLd




(s3ul¥ a8ury Twu-¢) WILLNTIO NI NCIIOFIAd TVILNIONVI ADA/81-SdI  "€€




(¢3ury 23ury TUU-7)
YILLOYTID aNNo¥o (gp GZ) C7TVANITIV (ISOdWIVAdNS HIIM IHOITd IS3T ADS

‘v MID1A

. 4...........*.::::1.. y

s
an=®

—

.
A
]
.
]
1
t
[




(s3uty 23uey Pmu-¢ ‘OIATA TVWION) YFHIVIM ISIL

IHOT1H

‘G MINOI1A

72

-

an m—

s

I B




*g9¢ HINOLI

(s8ury 98uey TWu-G) VAHLVAM NI NOIIDJLAQ LIJEVI ¥-AAR/L-¥SV

...-_.\-...*......m.a.*.

ey,

‘ RGPS
. . = .

Slateagre e
Sl

<

,‘.L‘._' ‘.. R

‘n-

“% a,




(s3ury s3uey TUU-G) YHHIVAM NI NOILOHIIZQ IFDAVI QIN/8T-Sdd "¢ HUMOLI

.

N TIITTEL TR |

L]

)

E gy,
2

R}

o~

Y

V. *
o~ o e
7w e v T 03 00 e v Ve € g
. : -

Tt ¢ -

.w. o

>

[ ==

LJMH,.:. ' - .
& ALY AT ....—_-:r.
. )




|

_?.—_

E2v

o
v

*

—_
4 SYSTEM HIT
g It SYSTEM MISS
Z RADAR REPORT DATA
b 51 SCANS OF DATA
(]
>
.4
<
a
Z
o)
0O
q |
E‘] —
>,
o o
= Z
< ~
S 3
[ ]
FPO-18/14 . 4 — 4 - :c‘
MTD g
Z
o
o]
N
-4
w
X
=
<
(A
E
ASR"-I/ h.-'4 H H “ '
RVD-4 I
1 1 |
1, 500 1,520 1,540 i, 560
SCAN NUMBER 77-29-38

FIGURE 38,

COMPAPATIVE SYSTEM DETECTION IN WEATHER

75




RVD-4

MTD

) 1

100

[=3 (=]
o T

80}
P340 od

HOILVEVAIAS LIVEDEIV NIAID ¥ 1V
g3INIVIEO SYM NOILANTOSTE INIL 4O INIDEAL

ALRCRAFT SEPARATION (NM!)

77-29-39

COMPARATIVE TARGET RESOLUTION CAPABILITY

FIGURE 39,

76



(3 30 T 3I92ys) ALITIEVAVO NOILATOSEY IIOUVL JATLVEVJINOD *0% TENOId




(8 30 7 3934S) ALITIEVAVO NOIINIOSHY 1IDIVLI IAIIVIVJHOD *0Y FdNo1d

78




(8 30 € 399YS) ALITIEVAVD NOIIATOSTY 1IDEVI FAILVIVIWOOD

"0y d¥NO1d

79




(8 30 % 333uS) ALITIEVAVO NOILQTOSIY 1d3dVi JATLVYVIROO “0% HAN914

80




Jo ¢ 399ys) ALITIEVAVD NOILNYTOSTY IAO¥VI JALIVEVAHOO

“0Y TANO14

81



o b
-

(¢ 30 9 133ys) ALITIEVAVD NOLLITOSTY LIDYVLI AAILIVHVIAOD "% NIDIL

82




(g 30 { 133Us) ALI'TIYVIVD NOIZATOSTH LINYVI JAILVEVIHKOD ‘07 MHADIL

83




(§ 30 @ 323Yys) ALITIEVAVD NOILATOSHY LADYVI JALIVEVIHOD ‘0% TWNDI4

84
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FIGURE 41. SYSTEM STABILITY DETERMINED WITH SINGLE GATE PROCESSOR
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APPENDIX A

DESCRIPTIUON OF EQUIPMENT

The MIT Lincoln Laboratory MTD radar-signal processor (figure A-l) was a
developmental system which was integrated into the existing TFAST (Terminal
Facility for Automated Surveillance testing) at NAFEC. The sensor portion of
the MTD was comprised of a modified Bendix FPS-~18 S-band medium-power, short-
range air search radar system previously employed in the SAGE system by the
Air Force,

Important modifications to the radar analog system included the installation of
a solid state receiver/exciter with additional filtering and regulation to

the Klystron high-voltage power supply for improved stability. The thyratron
modulator charging circuits were modified to allow for operation at variable
pulse repetition rates. The receiver subsystem was redesigned to provide

wide dynamic range, stability, and two-channel synchronous (quadrature video)
detection.

The master timer for the radar transmitter was located in the MTID signal
processor. It provided a l-us gated 30.987-MHz COHO signal, an HVPS gate, and
a system trigger. The gated COPO signal was mixed with the 2741-MHz solid
state crystal oscillator (STAIM) to establish the basic radar frequency of
2710 MHz. The pulsed RF excitation signal was amplified through a Varian
VA-87B water-cooled klystron which was modulated at intervals determined by
the MID timing and control unit.

Figure A-2 shows the signal flow of the receiver system. Received RF energy
from the antenna/dipliexer was channeled to a Hyletronics LS=25 microwave
gensitivity-time control (STC) attenuator. STC timing was Eontrolled by the
digital control system through a D/A converter providing R™' attenuation
capability from 0 to 94 1/2 dB.

A standard ASR-7 paramctric amplifier, tunable from 2.7 to 2.9 GHz, was
installed after the RF STC unit to amplify incoming RF signals and provide an
improved receiver noise figure.

The IF frequency was produced by mixing the 2710-MHz radar signal with the
2741-MHz STALO signal., A MPX2-4/2c RHG Electronics mixer-preamplifier was
used to accomplish the mixing.

The MID analog subsystem was assembled almost entirely from commercially
available items. The low-pass filter which followed the double balanced
mixers were fabricated by Lincoln Laboratory.

IF and COHO amplification was accomplishec by using high-gain Avantek ampli-
fiers, while IF filtering was achieved by using a CIR-Q-TEL 3.75-MHz (3-dB
points) band-pass filter. IF signals were then distributed equally to the
double-balanced mixers through a Merrimac PD-20-50 power divider. The COHO
was fed to a Merrimac GHM~-3-30 quadrature hybrid which established the 90°

A-1
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phase difference necessary for in-phase and quadrature video detection,
"I" and "Q" videos were channeled to the low-pass filters and then to the A/D
converters.,

The low-pass video filters were provided to filter out the excess noise passed
by the wide IF band~pass filter. The in-phase {I) and quadrature (Q) bipolar
video signals were sampled at 2.6 MHz rate by 10 bit, Computer Labs 5103, A/D
converters. The sampled video was then interfaced into the MTD input processing
logic.

A complete description of the MID processor 1is contained in reference 1.

Figure A-3 shows the basic flow of MTD signals in the ARTS III system. Except
for the new RIP and data extraction portions, standard TFAST ARTS III hardware
and software were used. The data extraction capability shown in more detail in
figure 4 (i: the body of the report) produced magnetic extraction tapes and
summaries of liata as listed in tables A-1 and A-2.

A block diagram of the RIP is shown in figure A-4.

The MTD information to the RIP input buffer consisted of two 32-bit words.
These were termed the PAS (PRF, azimuth, status) and VRS (velocity, range,
strength) words. A PAS word occurred at the beginning of each CPl and provided
basic information for processing VRS worda within the CPI. Within the PAS
word, the PRF field designated which one of four possible PRF's was used during
the CP1. The azimuth field provided the CPI center azimuth data. The status
field indicated whether the maximum of 40 target responses allowed in a CPI

was exceeded and whether any communication problem existed between the MTD anu
RIP. The VRS word velocity and strength field contained the MTD Doppler filter
number and amplitude of the target response. The range field containea the
target position in range. A threshold field was included in the VRS word

to define the levels of the weather and clutter thresholds.

The input control/buffer functions shown in figure A-4 provided the link
between the MID and the computer processing functions. These functions
included the provision of synchromization between the MTD and the ARTS IIl
and the detection of and response to parity error conditions. The input
buffer contained 300 words of storage.

The CPI data consolidation function provided for the combining of multiple
Doppler and range responses into a single response. Prior to the actual con-
solidation, normalization of the Doppler strengths was performed. This was
made necessary by the effect of the three-pulse canceller preceding the DFT
processor resulting in the lower velocity filters having a lesser output ampli-
tude. This effect was discussed more fully in the body of this report under
velocity response testing. Table A-1 contains the normalization factor for
each filter. Normalization consisted of the division of the output of a filter
by its normalization factor.
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Following Doppler strength normalization, all adjacent Doppler responses at
the sam2 range were consolidated into a single response. For this purpose,
Doppler adjacency was defined as occurring when signals within a CPI were in

‘the same range gate and from adjacent Doppler filters. If an adjacency was

found, an interpolated Loppler number &nd corrected strength value were
determined as follcws. First, determinaticns were made as to which of the
multiple Doppler responses had the highest strength number and then as to

which of the two possible adjacent responses had the larger strength. Then the
following determinations were made:

1, A strength ratio was computed by dividing the selected adjacent normalized
strength.

2. The Doppler was interpolated to six-bit accuracy (0-64) from table A-2
using ioppler filter numbers and strength ratio.

3. The strength of the largest response was corrected for off-filter (non-
centered) loss by dividing it by correction factor from table A-2.

If a single isolated response was obtained (no adjacencies), the resporce was
assumed to represent the maximum response of the Doppler filter iden. .ad

by the VRS word. An interpolated Doppler number was derived from table A-2
using the Doppler number and a strength correction factor of unity.

The ahove consolidation procedure resulied in z single response with an
interpolated Doppler number, normalized and corrected strength, range, threshold
indicator (clutter or weather), and a count of the number in the range cell.

Range consolidation combined Doppler-cnnsolidated responses satisfying the
following range/Doppler adjacency criteria into a single response. Range
adjacency was chiained when two responses occupied adjacei't range gates
(1/16~nmi separation). Doppler adjacency was obtained wh:n two responses had
an interpolated Doppler number separation of less than inir (the 0 and 54
interval numbers were also adjacent). When two respunses satisfied the above
criteria, they were assumed to represent the same target, and the one with the
largest target strength was selected as the output. Responses without adjacen-
cles were passed directly to the output. The number of VRS words associated
with a consnlidated response was indicated by cuality bits. Azimuth and PRF
information were added to the output to complete the target response data.

Following CPI data comsolidation, target record processing was performed.

This function created or updated records of target data using the target
response data. Each CPI's consolidated response data were entered separately.
When the processing began with data frcm a new CPI, all target reccrds from
previous CPl's were located in target store A. The target record processing
routine first perfcrmed a correlation between these records and the new
consolidated response data on a comparative range basis. The basic operation
performed for the match/no match determination is described below:




1. Match condition - Existlng record and new data (within 1/16-nmi) were
merged and updated into a new rTecord and stored in record store B.

2. Miss Update - No new data to match existing record data, The record
was updated to show the miss and put in record store B.

3. New target ~ No existing record to match new data. A new reccerd was
generated and put Iin store B.

4, Target report - Initiation of target finalization occurred when there were
two consecutive misses (no target response for two information occurred in
CPI's) or when information occurred in seven successive CP1's.

The target finalization routine processed completed target records into target
reports or noise responses. The routine first checked the record bit count

to determine the type of processing required. A bit count of 1 represented
elither a nolse response or a single-CPl target response. Such a record with a
quality number of zero was considered to be from a noise response and was
entered in the noise count store., Those with a quality of greater than zerc
were considered to be from a valid target, and their rarge, strength, azimuth,
and Doppler data were used to make up a target report. As a selectable ontior,
all single-CFl records could be processed into noise responses.

A hit count greater thar 1 (multiple-CPI responses) was processed as follows.
The target record content was examined to determine which responses belonged
together as representing data from the same target. Within a CPl, records
with an interpolated Doppler number separation of less than 4 were considered
to be from the same target. Responses from adiacent CPI's were then associated
together to form a final set representing the target.

The target record was then completed by computing and entering its velocity and
center azimuth, The velocity was computed using the Doppler information in

the target records. The center of azimuth was computed by applying the formula:

AZ = z N
k=1 T s (K)
k=1

where:

AZ = the target report azimuth

AZ(K) = the azimuth position of the Kth CPI respouse (from the target
record)

S(K) = the corrected strength vaiues of the responses (from the target
record)

N = the number of responses in the target record

A-4
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The resulting output was a 12-bit azimuth word to the tesrget report store. The
firnalized target reports contained range, azimuth, strength, number of CPl's
involved, and Doppler filter numbers.

Second-level threshclding was adopted to remove residual ciutter signals,
thereby utilizing the maximum sensitivity of the radar for track initiation.
This thresholding was fully automatic and adantive to the radar environment
(weather, angels, inversion, etc.).

The algorithm employed divided the surveillance area (48 nmi) into 4 nmi by
22.5° sectors for a total of 12 sectors. Each sector contained eight inde-
pendent thresholds (one for eacu MID Doppler filter) ylelding a total of

1,536 thresholds. The 48-nmi coverage area was further divided into two zones.
The first zone extended from range zero to 16 nmi. This zone size was decided
upon, since it contained most of the return from clutter experienceu in the
NAFEC radar envirorment. 'The second zore extended from 16 nmi to 48 nmi.

The adaptive threshold in each sector/Doppler filter was derived from the
aunber of single CPI's it contained. These threshold levels were derived as
described in the body of the repcrt.

The tkresholds were applied according to major range zone number. In the first
zone ( O nmi to 16 nmi), all MTD replies were tested (by streryxth number) at
the RIP input to determinz if they exceeded the pertinent sector/Doppler filter
threshold levels. In the second zone, only single-CPI replies were tested
against the thresholds.

To initiate a track in the first zone, a target report was required to contain
replies from at least two CPI's to have a tracker velocity of at least 50 knots
and a scan history of three scans. ‘iowever, aingle-CPI target reports were
used for updating existing tracks.

All of the previous conditions for tracking were also required in zone two,
except that tvack initiation was possible using single-CPI target reports.

Nonsynchroncus interference detection and rejection war implemcnted in the
RIP. The MTD employed an interference rejection algorithm as previously
described. However, when interference and ground or weather clutter signals
were concomitant, the algorithm did not function properly.

Interference signals were found to occur in one CPI and multiple Doppler
filters, Being random in nature, they did not activate the second-level
threasholds. To prohibit the interference from initiating false tracks, the
number of single-CPI reports in each 5° by 48 nmi sector of the radar coverage
srea were counted., When this number excceded a threshold value of 15, track
initiation in that sector by single-CPl taigets was prohibited., This effec-
tivity eilminated track initiation by aonsynchronous interference. The radar/
beacon correlation, tracking, and display functicas shown in figure A-1 were
accomplishad using existing ARTS I1I softwars,
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Filter Number

NV WNO
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P TABLE A-l. DOPPLER STRENGTH NORMALIZATION FACTORS

Normalization Factor

0.3363
0.01897
0.1057
0.2561
0.3363
0.2561
0.1057
0.01897




TABLR A-2,
Larger
Internal Larger Smaller Response
Number Filter PFilter Strength
0 1.000
1 0.9880
2 0.9527
3 0.8960
4 0 1 0.8211
5 ¢.7319
6 0.6331
7 0.5297
8 0.4268
9 0.5740
10 1 0 0.7704
11 0.9262
12 1.0000
13 1 2 0.9683
14 0.8353
15 0.635C
16 0.7957
17 0.9693
18 1.0000
19 0.9906
20 2 3 0.9005
21 0.7471
22 0.6992
23 3 2 0.8497
24 0.9570
25 1.0900
26 0.9693
27 3 4 ¢.8697
28 0.7195
29 0.7159
30 4 k) 0.8631
31 0.9641
32 1.000

DCPPLER. XNTERPULAT1ON VALUES

Response
Strength Smaller Larger Interval
Ratio Filter Filter _Number
0 64
0.000001832 63
0.0005000 62
0.003978 61
0.01852 6C
0.06315 59
0.1750 58
0.4177 57
0.8910 56
0.5730 55
0.3116 0 7 54
0.1765 53
0.1795 52
0.3095 6 7 51
0.5427 50
0,9876 49
0.5214 48
0.2400 467
0.1365 46
0.2394 45
0.4127 5 6 44
0.7116 43
0,.8014 42
0.4404 6 5 41
0.2268 40
0,1384 3°
0.2518 38
0,.4415 4 5 37
0.78613 36
0.7618 35
0.4344 5 4 34
0.2388 33
0.1229 32

A-12

o 4




APPENDIX B

TEST EQUIPIENT

T T e - e -




APPENDIX B

TEST EQUIPMENT

The cohereat 3-band test Target Generator (ITG) used tc generate simulated
radar target information is described in this appendix. A 1list of standard
equipments usad in testing the MID is also given.

The coherent RF TTG was designed by Westinghouse Electric Corporation for the

FAA to provide realistic simulated RF radar targets for S~band radar sensors.

The TTG was interfaced into the MID/RVD test facjlity and was used extensively
throughout the MTD test and evaluation. Figure B-1 illustrates the TTG/RADAR/
MID interface.

RF test tairgets were generated by mixing 30-MHz IF (ASR-7) test targets with a
sample of the STALO frequency frum the radar. The phase modulator was madified
to accept 31-MHz IF test targets from the FPS-18., Two externmal switches
enabled the TIG to accept either 30-MHz or 31-MHz ITF signals. Ccherent or
noncoherent cargets could be generated by selecting either the COHO signal

from the radar or an internal 30-MHz oscillator as the IF signal source. All
MID/RVD tests used the controlled phase mode of operation (variable mode).

The simulated RF test targets were controllable in azimuth, range, range rate,
velocity, pulse width, and amplitude.

Azimuth control was accomplished by a counter which counted azimuth change
pulses (ACP's) and was reset by the north azimuth reference pulse (ARP) from
the azimuth pulse generator (APG). Thumbwheel switch control permitted the
azimuth start to be set to any selected ACP, providing 4096 possible azimuth
positions per 360°., Another thumbwheel switch controlled the selection of
azimuth steps per target, up to a totai of 99, The time interval between
azimuth steps was controlled by another set of thumbwheel switches which were
adjustable frem 10 us to 10 ms. A manually programmable diode matrix was used
to establish the antenna scan pattern. The test target could be window gated
a2s programmed by the anzenna pattern, or it could be of constant amplitude
every PRP.

Range control was accomplished by a range counter which was reset by a zero
mile trigger, A thumbwheel switch scl-<cted the range cf the RF test target
and was varilable from O to 60 miles in 1 us steps. Two modes of range control
were available: the "fixed mode" providzd a stationary target at a selected
range and the "moving mode" simulated a radially moving target. Either
incoming or outgoing test targets were selectable. Simulated velocity ccntrol
selected the target velocity and controlled the range rvate., The velocity
control was variable from 0 to 1,000 knots. The FPS-18 and ASR-7 radars
operated with 1.0 and 0.833 us transmitted pulse widths, respuctively. Th
fore, the TIG was adjuated to provide the necessary test targeiv pulse widths.

A Hewlett Packard direct-reading precisicn variabie attenuator, model §382C,
controlled the RF output amplitude to +1 percent of reading or 0.1 dB, which-
ever vas greater. The attenuation range was from 0 to 60 dB.

B-1




For the probability of detection test, a higher data rate was necessary to
provide adequate sampling of RF levels from the TTG. This was accomplished

by generating four concentric rings of test targets, each separated in range
from the preceding target by approximately 3.75 nmi. An azimuth trigger which
oaccurred 32 times per scan (RVD=4 azimuth 27 bit) was used to generate 32 test
targets per scan at the same range providing 128 targets per scan. The velocity
of the targets was controlled by the velocity-controlled crystal oscillator
(VCX0) of the TTG. In addition, the azimuth trigger was incremented by one

ACP each antenna scan to provide azimuth changes to test CPI boundaries.

Table B-1 contains a list of the t2st equipment used in maintenance and calibra-
tion of the MID radar/digital signal processor.

B~2
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%

Type

Oscilinscope

Time Base Unit

Dual Trace Amplifier
Voltage Probe

Voltage Probe
Oacilloscope

Power Meter

Thermistor Mount

True RMS Voltmeter
Electronic Counter
Frequency Converter
Time Interval Unit
Sweep Oscillator

Solid State RF Plug In
Solid State RF Plug In
Variable Attenuator
VHF Attenuator

VHF Attenuator
Attenuator Set

Coaxial Frequency Meter
Signal Generator
General Purpose Amplifier
Crystal Detector
variable Phase Generator
RF Voltmeter

RF Probe

Digitai Multimeter
Pulse Generator

Pulse Generator

Pulse Generator

Echo Box

System Noise Monitor
Noise Source

TABLE B~1

Model

7603
7B53A
7426
P6053B
P6011
475
431B
478A
3403C
5248M
5254C
5267A
86908
86988
86998
s382C
355C
355D
11581A
536A
8616A
465A
420A
203A
91CA
91~12
8000A
7260
100A
110B

TS-270~-AUP

B-4

Source

Tektronix
Tektronix
Tektronix
Tektronix
Tektronix
Tektronix

Hewlett
Hewlett
Hewlett
Hewlett
Hewlett
Hewlett
Hewlett
Hewlett
Hewlett
Hewlett
Hewlett
Hewlett
Hewlett
Hewlett
Hewlett
Hewlett
Hewlett
Hewlett
Boonton
Boonton
Fluke

Exact

Systron
Systron
Johnson
Ailtech
Alltech

Packard
Packard
Packard
Packard
Packard
Packard
Packard
Packard
Packard
Packard
Packard
Packard
Packard
Packard
Packard
Packard
Packard
Packard

Donner
Donner
Elec. Co.
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APPENDIX C

MTD PROBABILITY OF FALSE ALARM IN THERMAL NOISE

The MID probability of false alarm in therual noise (Pg,) was determined by
measuring the time it took to receive 100 thermsl {alse alarms and then
calculating Pf, o 100 x n

tfa

where tf, was the time elapsad in seconds per 100 false alarms aad n was tthe
number of independent opportunities for false alarm per second. In the MTD
system, n for each Doppler filter was equal to the product of the number of
range gates processed (760) in a coherent processing interval (CPI) and the
number of CPI's processed per second (102.13), This product equaled 77,617
opportunities per second per filter. For all seven weather filters, there
were therefore 543,319 false alarm opportunities per second. For all eight
filters taken together, there were 620,936 false alarm opportunities per
second which, at 4.70 seconds per antenna scan, yielded 2,918,400 false alarm
opporcunities per antenna scan.

It was desired to set the MID gystem thresholding so that between 10 and 100
thernal false alarms would be outputted to the ARTS III system each antenna
scan. Considering the atove falge alarm opportunity uumbers, it fullows that
operating with approximately a ten to the minus fifth power probability of
false alarm would yield the desired false alarm rate. To determine the
correct thresholding levels, receiver noise only (radar transmitter OFF and
receiver input connected to the system dummy load) was inputted to the MTD
processor, and the false alarm time measured using the NOVA minicomputer.

In initial testing, the MID thresholding was varied to determine its effect
on false alarm time. A threshold o{ 12 dB provided approximately the desired
10~5 Pfg. The receiver noise level was then varied in amplitude by means of
a step attenuator, and the false alarm time of each of the eight Doppler
filters was measured,

Figure C-1 shows the resulting data from the ssven weather filters (numbers 1
through 7) and figure C-2 the corresponding data from the zero velocity
filter. Aa szen in figure C-1, the number of falee alarms increased at lower
noise levels in the weather filters. The exact cause of the increase was not
determined. Twu poesible causes were (1) the exact accuracy of the A/D
converters was closec to 9 bits than to the rated 10 bits and (2) quantiza-
tion noise in the MID processor due to truncations. By operating with a

$~-n.V noise level (measured using a true voltmeter), the desired false alarm
rate was obtained. Six millivolts corresponded to approximstely three A/D
converter counts., Originally, the system was desired to operate with a 2-mV
roise level equal to one A/D least count, Operation with a 6-mV noise level
resulted in the loss of approximately 9 dB in system dynamic vange capabil-
ity.
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During the testing, it was found that a disproportionately large percentage of
the false alarms were produced by the numbers one and seven filters. This was
deemed to be due to the eftect of the three-pulse canceller filter preceding
the DFT filter. The canceller modified the velocity resporse obtalacd at the
output of the individual FFT filters. Due to the significently lesser canceller
output at frequencies corresponding to the low velocity tilters (particularly
numbers one and seven), there resulted an increase in the false alarm rate.
This was compensated for by operating the number one and scven filters with a
higher threshold. While filters two through six had the desired ialse alarum
rate when operated with a threshold 3.94 times (11.91 dB) the average noise
level, filters one and seven required a threshold of 4.38 times (12.83 dB) the
average noige level. As can be seer in figure B-1, when operated at the above
thresholds and at 6-mV rms noise, each of the seven weather filters produced
approximately the desired false alarm rate.

Due to the different nature (recursive filter and disc memory) of the zero
velocity filter (ZVF), its probability of false alarm curve had a different
shape. At the 6-mV operating point dictated by the other Doppler filters, the
ZVF had spproximately the desired false alarm rate when operated with a threshold
of 5.5 times (14.8 dB) the value stored on the disc memory. The ZVF clutter map
recursive filter could be adjusted to provide the desived rate of clutter map
buildup. The algorithm for the recursive filter (which determined what
information was to be stored on the clutter map each scan) was M-1/2, (M-N)
where M and N represented information from the Map and New information from the
magnituder, respectively, for each range/azimuth cell. The value of n was
selectable, controlling the rate of clutter map update. Testing resulted in

the selection of an' n value of 3 (ylelding an algorithm of M-1/8 (M-N)) so

that 1/€ of the information on the clutter map was replaced with new informa-
tion each antenna scan. This provided a good compromise between too fast a
clutter map change (resulting in a high false alarm rate) and too slow a

change (resulting in the inability of the clutter map to accurately follow
environmental changes such as weather).
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APPENDIX D

MTD INTERFACE WITH ASR-5 AND ASR-7 RADARS

The equipment modificetions and interconnecting cabling changes necessary to
interface the MID with the TFAST ASR-7 and ASR-5 rudars are shown in figures D-1
and D-2, respectively, Both radars were operated with fixed-frequency crystal
controlled STALOS. The magnetrons were automatically tuned to maintain the
correct frequency with respect to the STALOS. The ASR-7 radar was retuned to
operate with the 31-MHz IF frequency used with the FPS-18. A new 30-MHz IF
band-pass filter was subsequently procured for ASR-5 operation to avoid

retuning it to 31 MHz,

To acc.mmodate the timing interface betwcen the ASR-7 and MTD, the ASR~7 control
selector assembly, 6A2A19, was modified to enable the external tuning signal
INT. This was accomplished by opening the printed circuit betwezn &5D pin 13
and 28A pin 1 and inserting a jumper from 35D pin 13 to grouud for internal
operation or open for external operation. An cpen at A5D pin 13 enabled &5C

pin 8 which in turn enabled gates %120, #1D, and 220D on the repetition rate
decoder module 6A2A39.  The external timing signals from the MID which appeared
on 6AZA39 pins 7, 37, and 40 were then distributed throughcut the ASR-7. The
ASR-7 COHO and preamplifier output signals were inputted to the MID., Inter-
equipment trigger cabling is shown in figure D-1.

The following steps were taken to interface the ASR-5 and MID equipments in
addition tc the trigger cable intercomnection shown in figure D-2:

1. Connect MTD Mod trigger to J8805 using BNC "T".

2, Install Coax from J8805 (BNC "1'") to J6614.

3. Connect MID 5TC trigger to J6613 using BNC "T".

4, PRF stagger uait - remove V13,

5. Normal video realignment upnit - remove V17 and V18,

6. Connect RG=-58 Coax from ASR-5 COHO output to MID COHO input.

7. Connect RG-58 Coax from ASR-5 preamplifier to MTD IF input,

D-1
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