lb-AOﬁl 798 FEDERAL AVIATION ADMINISTRATION WASHINGTON D C SYSTE--ETC F/6 1/2 ./

SI‘N)RTJ!ANGE TERMINAL RADAR (SRTR) DEFINITION STUDY.(U)
SEP 7
UNCLASSIFIED FAA/RD=78-64 NL

_l : 2 .. .
|~
L ..
M




Document is available to the U.S. public through
the National Technical Information Service,
Springfield, Virginia 22161,

Prepared for

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION
Systems Research & Development Service
Washington, D.C. 20590

}

| G
i Report No. mmT ( ‘ lEVEl
| // 3
o >
R SHORT RANGE TERMINAL RADAR (SKTR /
o DEFINITION STUDY.
-
211 ©
F o
<
[ o=
<<
F
%
. 2 ¥ sen"?""” 2/ 1]
| &5 /| Final fepant ¢ i
=] i eL




NOTICE

This document is disseminated under the sponsorship
of the Department of Transportation in the interest
of information exchange. The United States Govern-
ment assumes no liability for its contents or use
thereof.




Technical Report Documentation Page

1. Report No. 2. Government Accession No. 3. Recipient's Catalog No. _-}
FAA~RD-78-64 o ;
4. Title and Subtitle 5. Report Date ‘*’f"‘* o ;
Short Range Terminal Radar (SRTR) Definition Study September 1978
7 6. Performing Organization Code
T Performing Organization Report No.
7. Author's)
: Primary Radar Study Group 4
9. Performing Organization Name and Address '0.02W§rk2U£:|lr No. (TRAIS) .‘
Federal Aviation Administration & |
The John Hop'ins University Applied Physics Lab. & L1, Contract or Grant No.
Lincoln Laboratory &
MITRE 13. Type of Report and Period Covered
12. Sponsoring Agency Name and Address Final
U.S. Department of Transportation
Federal Aviation Administration October 1974 - October 1975
Systems Research and Development Service 14. Sponsoring Agency Code
Washington, D.C. 20591 ARD-243

15. Supplementary Notes

1
16.Abnmct:‘\A Study group was convened in the Summer of 1974 by the FAA to define
a Short Range Terminal Radar (SRTR) to be used at high traffic density VFR
airports which do not presently qualify for an ASR. The study group was comprised
of representatives from the Johns Hopkins University Applied Physics Laboratory,
Lincoln Laboratory, MITRE, NAFEC, AAF, AAT, ASP, AEM and ARD.

The operatioaal requiremeats developed for the SRTR include coverage on a small
aircraft (one square meter radar cross section) out to 16 nautical miles; up to
10,000 feet altitude; and in an environment of precipitation clutter, ground
clutter, angel clutter, and anomalous propagation. The MTBF goal is 500 hours
and the MTTR goal is one hour. Using these operational requirements candidate
radar systems were defined at three frequencies, L-band (1250 - 1350 MHz), S-band
(2700 ~ 2900 MHz) and S'-band (3500 - 3700 MHz).

7
<

The recommended SRTR system is the S'-band system (3500 - 3700 MHz) and has the
following characteristics: azimuth beamwidth of 3.49, pulse width of 2 usecs,
PRF of 2000 pps (average), instrumented range of 32 nautical miles, and a data
rate of 4 sec. The establishment cost (in 1974 dollars) for this system is

I $324,000.
; Y
| N
17. Key Words 18. Distribution Statement
Document is available to the public
through the National Technical Information
Airport Surveillance Radar Service, Springfield, Virginia 22161
19. Security ‘Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages | 22, Price
Unclassified Unclassified 139
Form DOT F 1700.7 (8-72) Reproduction of completed page authorized {




= LA o
AN = sl
- = HI € ~ e S, ¥ i [
ol = e (2
= = =t inesadwa) 6 sed
w = = %, snisja) Bye) 6/ HayuaIye 4 1,
ainjesadwal (Z€ ppe unesadws) = -
Haquaxiey o) /6 smisjan 3, & = Do —
. E .= = (13ex3) Jun1veIawaL
-o..o- JUNIVEIdNIL - [Iw — c & sSi918W 21gnd 90 spaeA 2ignd ng
e = = e $J9)8w Jignd £0°0 193) 21gnd ﬂz
= ..IIWIH = | sa3l1) 8t suojjeb 1e6
P spaeA 21Gnd £l s1210w 21gn o N 1 siany $6°0 suenb i
o 199} 2192 st s1910W 21gND w —= S 1 sseu| wo sind W
106 suojjeb 9z'0 s1an) | = = T | s "0 sdnd 3
b suenb 90l s 1 = HI ) w S W 0ot SaJuno pingy 0
] sund (%4 s1301) I o = = 1w (18 suoodsajqe) dsq)
0 S$30uno Py} £0°0 sRUW w m Hl w S suoodsea) ds)
a s L ® =iis=
JNNI0A = = INNT0A
-3 = -
e = = - (Q1 0002) |
. = = ) $3uuo) 60 swo) 1Ioys i
SU0} LoYS (&Y (6% 0001) S3uu0Y ) —_— -
al spunod 7z swesbol 1y 6% = Wi susony w0 shenod o |
20 s 1oun0 6£0°0 sweib 6 = e 6 swesb 8z se2uno 20
s = = — sod |
— 2 Yoam -
TiyBiom] SSvW o = = » San kL &
(2 M = M sasedey »0 sase
- = 29 $19)9W0| 1y 2ienbs 9z $9j1w esenbs I
s:0e L4 (7% 000°01) sdse1day ey Lo = = P $s910w asenbs g0 SpseA asenbs >
I S0 2urnbs 0 $1312uW0| 1y 21enbs M = H|| i s1919w Bienbs 60°0 199} ssenbs £
.‘.; spigA senbs 'L sia1aw asenbs ~E o = " N_.n. $)012WNUAD dienbs Y] SoyOu asenbs o
w sayour asenbs 9’0 $19)9wNuad asenbs 2 e bt © £
- —_— 27 Rt ———
[ = [ Z2I'7
Viyv =l =
S —= = wy ssar0u0)1y oL sojw -
. = — w S1ew 60 spied pA
" sapw 9'0 S1912W0| 1y wy = =
pA spieA v sio0w w = = = = o SoreD oe o 3
i T 5 Sioiati . m - wd $I9IWNUID sz, SoYOwm w
" sayou 0 S1910WNUAD wo = = S
w sayou »0°0 SJ210WI )W ww — e
i = HIONTY
3 = —_
o = -
— — @«
H19NTY —= =
» = 255
= = =— 1oquig Py o) Ay Adnjayy mouy w0, woym 1oquis
|oquis purg oy Ag Ajdningy mowy o, woyMm 1oqwAg » —= =
B = =
ssinssoy du = =
SOW JUIIWN WOI) SUOISIFAUD) SjewIX0iddy s —= = - SNSRIy NG 0) SUDISIAAUD) sjewixciddy

SYO01JDV3 NOISHIANOD JIH1IN




EXECUTIVE SUMMARY

A study group was convened in the summer of 1974 by the FAA
? to define two new radar systems. The study group was comprised of |
representatives from The Johns Hopkins University Applied Physics Lab- “
oratory, Lincoln Laboratory, MITRE, NAFEC, AAF, AAT, ASP, AEM, and ARD.
One of these radars was designated as the ASR-( ) and it was envisioned
that this system would be the next generation ASR. The other radar,
which this report will describe, is designated as the Short Range Terminal
Radar (SRTR) which is designed for use at high traffic density VFR air-
ports which do not presently qualify for an ASR. This report documents
the study group's deliberations, conclusions and recommendations concerning
the SRTR.

The operational requirements to be met by the SRTR are that the
system must be able to maintain surveillance on a small aircraft (i.e., 1
one square meter radar cross section, Swerling Case I fluctuation charac-
teristics) under the following conditions:

a. ranges up to 16 nautical miles

b. altitudes below 10,000 feet above ground level

c¢. with minimum resolution commensurate with separation
standards

d. 1in an environment of precipitation, ground, and
angel clutter and also anomalous propagation

e. compatible operation with TRACAB utilization

f. MIBF goal of 500 hours, MITR goal of one hour.

Using the operational requirements listed above, candidate radar systems
were developed using frequency bands of interest. Parameters were optimized
considering system performance and cost. The three candidate systems
defined were: 4

a. L-Band (1250-1350 MHz)
b. S-Band (2700-2900 MHz)
c. S'-Band (3500-3700 MHz)

i These frequencies are all allotted for radar use. All of the candidates
had the following characteristics:

azimuth beamwidth 3.4°
elevation coverage 6° basic, csc? 6-20°
Pulse width 2 usec
PRF 2000 PPS (average)
instrumented range 32 nmi
data rate/scan rate 4 sec/15 rpm
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The peak and average powers for each candidate were calculated to give
the required 16 nmi coverage on a small aircraft.

The establishment cost for each of the candidates which includes
the radar system cost, spares, test equipment contractor turnkey, shipping,
installation, documentation, and factory inspection is listed below:

L-Band $310K
S-Band 316K
S'-Band 324K

The recommended SRTR system is the S'-Band system (3500-3700 MHz).
This frequency has been allocated to the FAA for terminal radars and is not
presently being used so that there will be minimum interference at this
frequency. The S' frequency also permits the use of a small radar antenna
(about 5.5' by 5') which can be mounted on the roof of the radar shelter.
The cost of this system is basically the same as the other candidates.

The funding estimates used in this report are in 1974 dollars
and should be adjusted to reflect current costs.

iv
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1.0 INTRODUCTION

The formation of an ad hoc committee to study the Federal
Aviation Administration need for future terminal area radars was
authorized by ARD 1974A.*# Such a committee was formed in accordance
with the organization chart shown in Figure 1.1. FEssentially, two
subcommittees were formed within the Radar Study group to investigate
the DABS backup radar and a Short Range Terminal Radar (SRTR). This
document serves as the SRTR subcommittee report to the study group
and formalizes its deliberations, conclusions, and recommendations.

Interest in a class of radar systems which close the gap
between a non~radar qualified airport and one which qualifies for a
full ASR series terminal radar has been evident in the FAA for some
vears. The most recent investigation resulted in the circulation of
a concept and plan in late 1972 (ARD 1972). This study was directed
to establishing whether such a radar system is feasible in the context
of technical, operation, and cost goals,

In order to derive the operational requirements given in
Section 2 and place the study in the proper perspective as far as
operational problems were concerned, elements of the SRTR subcommittee
accompanied the Radar Study Committee on two familiarization trips.
These were:

(a) A trip to Allentown and Wilkes-Parre, Pennsylvania airports
followed by a visit to the common IFR room in New York and a visit to NAFEC.

(b) A trip to Texas Instruments Corporation at Dallas, Texas
(briefing on the ASR-8 system), the Western Region headquarters at Ft. Worth,
the FAA Depot and the Flight Service Station at Oklahoma City.

A special visit was made by some members of the subcommittee
to Gichner Mobile Systems in York, Pennsylvania to obtain technical and
cost data on shelters.

Special attention was directed to problems encountered and
operational experience of personnel at the various locations. These were
considered paramount in the subcommittee's formulation of the operational
requirements and were always considered during deliberations on alternatives.

1.1 RATIONALE

The rationale for the SRTR study {s to define a radar system
which will meet the following operational requirements:

* References to bibliographic material are given with an identifier
and year of publication. The material is alphabetically ordered
in the Bibliography.
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(a) High traffic density airpoirts which do not qualify for
installation of a terminal control radar/beacon system.

(b) Other airports that do not qualify for a terminal control
radar/beacon system, but may require a cost effective sensor to improve
safety procedures and increase operation-l efficiency.

(c) Airports which are newly qualified for installation of a
terminal control radar/beacon system but may not have the control area
size or traffic density to warrant highly sophisticated systems.

(d) Possible replacement for ASR-4, -5 and -6 being relocated
in the "LEAPFROG" program.

1.2 SRTR STUDY OBJECTIVE

There were several objectives to be met by the SRTR Study
Subcommittee. These were:

(a) To present to the Radar Study Group functional designs
for thelr consideration,

(b) To perform a set of basic parametric tradeoffs on such
designs to meet operational requirements while minimizing costs,

(c) To provide technical data and cost estimates required as
background information for specification production,

1.3 STUDY APPROACH

The number of parameter variations required to meet the opera-
tional requirements are many. The approach devised to handle these variations
was to define candidate systems in the frequency bands of interest and analyze
their ability to meet the operational requirements. Candidate systems were
also examined from the standpoint of initial and life cycle costs. The
sources from which candidate systems were initially conceived were FAA reports
(e.g., FAA 1973C), existing radar systems, and the available literature. As
the candidate systems were analyzed modifications to their parameters were
made and the system reevaluated. As these candidates were formulated they
were presented to the Radar Study group and modified and reevaluated in
conformance with comments received. The candidate systems contained in
this report are the product of the described interactive process. Appendix C
includes the radar parameter calculations from which the final candidates
were selected,
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2.0 SYSTEM OPERATIONAL REQUIREMENTS

A number of operational requirements were established for
the SRTR by the Radar Study group. As mentioned in Section 1, these
requirements were formulated based on interaction with operational
personnel as well as committee deliberations. In summary, it was
decided that the SRTR must be able to maintain surveillance on small
aircraft (i.e., one square meter radar cross section with Swerling Type I
fluctuation characteristics; see Appendix E) under the following
conditions:

(a) At ground ranges up to 16 nautical miles,
(b) At altitudes below 10,000 feet above ground level,

(¢) With a minimum resolution commensurate with separation
standards,

(d) In an environment of precipitation, clutter (ground and
angel), and anomalous propagation,

(e) Compatible operation with TRACAB utilization,
(f) With a MTBF goal of 500 hours and a MTTR goal of one hour,

The following sections discuss the various requirements in detail
and establish the explicit and implicit items for consideration.

2.1 OPERATIONAL FREQUENCY ALLOCATION

The frequency bands considered for the SRTR are given in
Figure 2.1.1. The UHF band shown is included (although no allocation
has been requested for it due primarily to the excessive size and cost
of the antenna system) to accommodate a possible candidate system,

The 1250 MHz to 1350 MHz band is divided into two 50 MHz
segments of which the lower one is allocated for joint usage by the FAA
and the military. It is understood that this portion is probably not
available for the SRTR leaving just the upper 50 MHz available. The
2700-2900 MHz band is presently assigned to the FAA for use by the ASR
and has been assumed usable by the SRTR.

In an agreement between FAA and the Office of Telecommunications
Policy, the band from 3500-3700 MHz has been reallocated to include
Aeronautical Radionavigation as a coequal service with Radiolocation
(FAA 1973B). The reallocation was made with the understanding that the
FAA low cost radars would be accommodated in this band.
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The 9000 to 9180 MHz band is available since its use for
Precision Approach Radar has been discontinued. For completeness,
a candidate system operating in this band has been considered, but f
rejected due primarily to excessive transmitter power necessary to
meet operational requirements. ;

2.2 COVERAGE AND SITING

2.2.1 Coverage

The SRTR should be capable of providing radar coverage and
controlled aircraft separations in Control Zones extending out to 15
to 20 nmi from the terminals and up to ten thousand feet in altitude.
Figure 2,2.1 illustrates the range/height coverage requirements.

2.2.2 Range Coverage

The radar should provide instrumented range coverage to 32 nmi,.
It is assumed that aircraft whose radar cross section is greater than or
equal to 1 square meter would be detectable at a surface range of 16 nmi 1
with a probability of detection of 0.75 or greater.

o

2.2.3 Azimuth Coverage

The radar will provide an azimuth coverage of 360 degrees.

2.2.4 Elevation Coverage

The SRTR should provide elevation coverage from 1 to 20 degrees
(0.5 to 20 degrees desirable) resulting in 1 square meter target detection
capability from 1700 feet to ten thousand feet at a range of 16 nmi, Ten
thousand foot coverage would be maintained inbound to a range of at least
4.5 nmi.

2.2,5 Siting

The SRTR shelter should be located in an area at the terminal
which provides unobstructed radar visibility of critical areas as shown
in Figure 2.2.2.

2.2.6 Visibility

As a minimum, the SRTR should be sited to provide radar
visibility of the Airport Traffic Area from traffic pattern altitude to
three thousand feet AGL, and the pattern final approach for all runways.

For instrument operations, radar siting should provide coverage of a control
zone extending to a radius of up to 20 nmi and up to ten thousand feet in
altitude. Good visibility of the final approach fix and final approach for
each instrument runway should also be assured.
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2.2.7 Installation

After considering radar visibility requirements, the SRTR
configuration should be adaptive to installation in a variety of loca-
tions to minimize effort and cost. 1In all cases, the radar shelter
shculd be located within a reasonable distance of commercial power and
telephone grade lines for the transmission of radar data.

2.3 TARGET CHARACTERISTICS

The aircraft targets assumed for the study are small, general
aviation aircraft whose mean cross section is one square meter with a
Rayleigh fluctuation distribution. The fluctuations are assumed to be
slowly varying (correlated pulse-to-pulse but not scan-to-scan) and are
characterized by a Swerling Case 1 target (see Skolnik 1970).

The target range rates will generally be from O to 250 knots but
larger targets beyond the calculated coverage of the SRTR may show range
rates up to 600 knots. In some locations, targets (again outside the
calculated coverage) may exhibit range rates up to 2000 knots but it is
expected that this would be a rare occurrence. For further details, see
Appendix E.

2.4 ENVIRONMENTAL CHARACTERISTICS

2.4.,1 Land Clutter

The land clutter model assumed for this study has a value
characteristic of 95 percent of observations (see Nathanson 1969). The
value used is -18 dB relative to one square meter of radar cross section
per square meter of area illuminated by the radar beam, The velocity of
land clutter is essentially zero though a few feet per second of apparent
radial velocity may be caused by leaf flutter. Ground traffic may cause
problems but can be masked out. For more detailed information, see Appendix D.

2.4,2 Rain Clutter

The rain clutter model used was one which provided a pessimistic
number. A rainfall rate of 16 millimeters per hour was used and this
characterizes some 99.5 percent of all rainfall. (See Nathanson 1969).
The values used are given below:

BAND CROSS SECTION*
UHF -107 dB

L - 88 dB

S - 74 dB

s' - 70 dB

X - 53 dB

*The cross section is given in decibels relative to one square meter of
radar cross section per cubic meter of volume illuminated by the radar
beam. For more detailed information, see Appendix D.
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2.4.3 Anomalous Propagation and Angel Returns

Anomalous propagation in this report is used to describe
essentially any radar returns which are not attributable to weather,
land, or targets. It may cover ducting phenomena and angel returns, the
latter being composed of bird and insect returns primarily, Since
these returns may have associated with them considerable Doppler shifts
due to their range rate (10-60 knots) some characteristics other than
velocity must be used to differentiate them from targets of interest.
Such characteristics may be combinations of radar cross section and
fluctuation distributions. In any case, elimination or reduction of
angel clutter should be considered. For more detailed information,
see Appendix D.

2.4.4 Radio Frequency Interference

There are two major sources of potential RFI problems, These
are:

(a) Interference from SRTR to SRTR when in the vicinity
of one another,

(b) Interference from other radars cperating in the same
frequency band as the SRTR.

Some of the techniques for mitigating interference are:

(a) Frequency separation between radars

(b) Range separation between radars

(c) Use of trapezoidal pulses (spectrum compression)
(d) Minimum antenna sidelobes.

The ability of SRTRs to opcrate without excessive interference requires
that the design reflect judicious use of these factors. (See Section 3.7.)

2.5 RESOLUTION

The radar parameters related to the angle and range resolution
of the SRTR were derived from the operational requirements as specified and
agreed upon by the SRTR Study Group. The logic applied ian defining these
parameters is discussed in paragraphs 2.5.1 and 2.5.2. Computations
substantiating these selections are included in Section 3.

7. 18 ¢ éggular Resolution

The angular resolution of the SRTR was derived from the presently
proposed IFR separation standard (proposed revision to FAA Handbook 7110.8D,
paragraph 1300; Proposal Change No, AAT-322-74-8) of 1.5 nmi at 15 nmi range.
For two aircraft of equal cross-sectional returns, the required -3 dB (one
way) azimuth beamwidth of the antenna was computed to be approximately
5.7 deg.




It is known that the cross-sectional returns of aircraft will
vary significantly both as a function of aspect (head-on vs. broadside)
and physical size (single vs. multi-engine).

To arrive at an azimuth hernmwilth which will provide the
capability of resolving in angle, targets of significantly different
cross-sectional returns, the -20 dB beamwidth of the main lobe of the
antenna was used in the computations. This resulted in the selection of
an azimuth -3 dB (one way) beamwidth of 3.4 deg. which corresponds to
a =20 dB beamwidth of approximately 5.7 deg.

This selection results in the ability to resolve two targets in
angle, whose cross-sectional returns differ by approximately 40 dB (two-
way beamwidth) and which are separated 1.5 nmi at 15 nmi range.

2.5.2 Range Resolution

The range resolution of the SRTR evolved from several factors.
First, the minimum range requirement of 0.5 nmi dictates a maximum pulse-
width of approximately 6 microseconds. A somewhat narrower pulse would be
necessary due to such factors as T/R recovery time, the use of trapezoidal
pulses, etc. Second, the instrumented range dictates the upper limit of
the PRF, which in turn dictates the minimum pulsewidth required to obtain
the average power necessary to meet the range requirement. Third, for
clutter considerations a narrow pulse is desirable.

Considering the above factors, to arrive at a pulsewidth which
will be compatible with a relatively low power transmitter tube within
the current state of the art, a 2 microsecond pulsewidth was selected.
This selection will more than meet the minimum range requirement and
provide a practical range resolution of less than 2000 feet.

2.6 ACCURACY AND DATA RATE

The following are considered to be the minimum achievable
accuracies by utilizing current state of the art techniques.

2.6.1 Angle Accuracy

The utilization of modern signal processing in conjunction with
the application of well known beam splitting techniques should yield an
angle accuracy of at least 0.1 beamwidth for the expected signal to noise
ratio. For the recommended 3.4 degree azimuth beamwidth for the SRTR
antenna the resulting angle accuracy will be less than 520 feet at 15 nmi
range.

2.6.2 Range Accuracy

The application of leading edge tracking and modern signal
processing is expected to yield at least 0.1 pulsewidth range accuracy.
For the recommended 2 microsecond pulsewidth the resulting range accuracy
is less than 100 feet.




2.6.3 Data Rate
Previous experience in the terminal areas indicate that a
four-second data rate is adequate. This value was selected by the
study group to be incorporated in the design of the SRTR,

2,7 AIR TRAFFIC CONTROL RADAR BEACON SYSTEM COMPATIBILITY

When required, the SRTR should be capable of providing a radar
pre-trigger and antenna position information to a beacon interrogator
system., It is anticipated that the SRTR antenna drive will be capable
of physically supporting a beacon interrogator antenna, in addition to
the SRTR antenna.

2.8 WEATHER DATA REQUIREMENTS

Weather data should be presented on a display in the form of
a one or two level contour giving an indication of returns existing
above a settable threshold.

2.9 RELTABILITY, MAINTAINARTLITY, AND AVAILARILITY GOALS

The following goals were established by the SRTR working group:

(a) Reliability or mean time between failure (MTBF) goal
of 500 hours.

(b) Maintainability or mean time to repair (MTTR) goal
of 1 hour.

(c) The availability was computed based on the above goals
and resulted in 99.8 percent. The method of obtaining
the availability is presented in Section 3.9.

2.10 LIFE CYCLE COST GOALS

The goal of the SRTR Study Group was to ensure that the
parametric design of the system precluded high risk items. Tn this
fashion, significant cost savings (on the order of 40-50 percent) may
be realized over a full ASR.




3.0 DISCUSSION

3.1 CANDIDATE PARAMETER SELECTION

3.1.1 General

The selection of a set of radar parameters to satisfy the
requirements outlined in Section 2 involves:

(a) the operational requirements outlined in Section 2,

(b) cost, and

(c) other constraints such as FAA frequency allocation,
maintenance and logistics systems, etc.

These lead to the general conclusion that the selected radar for the

short range terminal application should be a conventional 2D (azimuth

and range) system with a simple pulse (non modulated) and coherent
processing to handle the clutter environment. The rationale for selecting
specific parameters is presented in the following paragraphs.

3.1.2 Parameters Dictated by Operational Requirements

Most of the important radar parameters can be chosen based on
the operational requirements of Section 2. They include certain antenna
characteristics, such as azimuth beamwidth and elevation coverage, some
transmitter characteristics, such as pulse width and PRF, and the signal
processing and display.

3.1.3 Parameters Dictated by Cost

Once the operational requirements have been satisfied by
selection of proper parameters, cost must be considered. All or nearly
all the requirements can he met by radars on a variety of RF frequencies.
The band of frequencies to be considered can be narrowed by taking a
general look at the calculations shown in Appendix C from which Figure C.1
is derived. If a transmitter peak power of 150 kilowatts and an antenna
size of 30 feet are considered practical limits to meet cost and reliability
goals, the range of frequencies to be considered can be linited to
approximately 1000-4000 MHz, At UHF the size and cost of an antenna system
is coneidered prohibitive and at X-band the required transmitter power and
cost is considered prohibitive. (See Appendix C.)

Another possibility which might appear to be attractive would
be to use many portions of the ASR-8 in order to minimize development
costs., However, the analysis presented in Appendix P shows that this
approach is not cost effective when all factors of life cycle cost are
considered.




3.1.4 Other Parameter Considerations

The frequency selection range can be further narrowed by
consideration of frequency allocation problems. In the range of
1000-400C MHz there are three bands which are possible for use on any
reasonable time scale. These are:

1250-1350 MHz Assigned for ARSR
(Lower half-joint use)
2700-2900 MHz Assigned for ASR
3500-3700 MHz Negotiated for Low Cost Study

The remainder of the discussion will be limited to three
candidate systems; one in each of the listed bands. All other character-
istics except peak and average power will be held constant at the values
deduced from the operational requirements as follows:

Azimuth Beamwidth 3.4 deg.

Elevation Coverage 6 deg. basic - csc? 6 to 20 deg.
Pulse Width 2 usec.

PRF 2000 PPS (average)

Instrumented Range 32 nmi

Data Rate/Scan Rate 4 sec/15 rpm

All calculations assume these values although minor tradeoffs may need
to be made later in the program.

3.2 ANTFNNA
The general requirements, both operational and cost, seem to
dictate a straightforward reflector-feed antenna system rotating in azimuth

and driven by a single drive motor svstem. Other antenna considerations
are discussed in the following paragraphs.

3.2.1 Azimuth Beamwidth

The maximum azimuth beamwidth is dictated by the separation
standard employed. The calculations are shown in Figure 3.2.1. As can
be seen, the required azimuth beamwidth relates to a 1.5 nmi separation
at a range of 15 nmi. The other standards relate to longer ranges than
the approximately 20 nmi required for the SRTR. The resulting azimuth
beamwidth is 3.4 deg.

3.2.2 Elevation Coverage

The required elevation coverage was stated in Section 2.2, The
requirements are to see small aircraft targets flying within about 16 miles
of the airport (the radar site) and at altitudes from 10K feet down to as
low as possible. The lower limit in many cases will be determined by
terrain characteristics but in relatively flat clear areas the coverage can
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practically be about 0.5 deg. elevation angle. This will result in the
theoretical coverage sliown in Figure 3.2.2. 1In are:s of especially
intensive ground clutter it may be neccosirv to tilt the antenna upwards
by an additional 1 deg. or more in order tec recuce the illurination of
surface objects. Of course larger targetc will be seen at longer ranges
and higher altitudes. [The coverage ohtainrc¢ vith tilte of 3 deg, (3 dR
point at the horizon) and 4 deg. is for tarfets of 1 square meter cross
section (Swerling Type I fluctuation)]. The antenna assumed in these
calculations has a conventional 6 deg. beamwidth elevation pattern
spoiled in such a way as to produce a csc? pattern up to 20 deg. The

20 deg. is considered practical and adequate for the nurpose, If a fourth
power STC is required (see Section 3.4 on signal processing) out to the
order of 4 or 5 miles, targets higher than 20 deg. will not be seen.
This antenna will then have a ''cone of silence" such that targets above
20 deg. elevation angle will have a very low probability cf detection.

3.2.3 Polarizatiqg

As will be seen later in Section 2.4 and as detailed in
Appendix C, linear polarization can be used at all three frequency
bands being considered. This is in part due to the fact that the signal
processing chosen is dictated by ground clutter and will handle the weather
case easily without resorting to circular polarization to reduce the
backscatter from the rain (see Figure C.2). Furthermore, the short range
required by the SRTR permits it to realize an advantage in the inverse
square range relation of rain clutter over a longer range radar which has
to cope with much lower signal strengths. Lirear polarization is,
therefore, a good selection because of two factors, First a circularly
polarized system requires more transmitted power with resultant higher
cost., Second, the circularly polarized antenna is slightly more expensive
than a linearly polarized antenna. All succeeding considerations in this
section will assume linearly polarized antennas.

3.2.4 Multipath

Any discussion of multipath, especially over land, must be very
general because of the variety of reflectivity factors encountered. Highly
idealized plots of the vertical coverage have been produced for the three
frequency bands considered. These are shown in Figures 3,2.3, 3.2.4, and
3.2.5. These plots assume a reflectivitv of 0.5 invariant with elevation
angle. In practice the reflectivity will vary from near zero to near 1
and will have various phase angles, The figures show a near worst case
for overland propagation. They show that as a target flies toward the radar
at constant altitude it may suffer multipath fades. The number of the
fades will depend on target altitude and frequency as well as the ground
reflectivity at the point of reflection between the target and the radar,

The effect exists at all frequencies and will result in dis-

continuous tracks. It can be seen from the figures that at the higher
frequencies the duration of the fades for a straight incoming constant
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speed target will be less. From this point of view the S'band would
be best for SRTR. The effect is small enough, however, that multipath
alone should not be a strong argument in selection of frequency.

3.2.5 Implementation

The antenna required should have an azimuth beamwidth of
3.4 deg. and should have an elevation beamwidth of 6 deg. (0 to 6 deg.)
and should approximate a csc? pattern at higher angles (6 to 20 deg.).
In order to determine succeeding parameters, it will be necessary to
calculate the approximate gain and size of the antennas. These can be
approximated by methods outlined in Skolnik (see Skolnik 1962) and shown
in more detail in Appendix C. The gain of such an antenna is about 29 dB
and its size is as follows:

BAND WIDTH HETGHT
E 15" 9'-15"
S 7' 4'-6.5"
s 5,51 375"

The height variation is dependent on whether the csc? pattern is obtained
by distorting and extending the reflector (from parabolic) or by use of
multiple feeds. The multiple feed approach is preferred since it requires
the smaller reflector at the cost of additional feed horns and couplers,
(A preliminary analysis indicates that a satisfactory pattern can be
obtained with one additional horn and one coupler).

If a multiple horn approach is chosen, consideration should be
given to using a thumb pattern to increase gain at higher angles and
improve performance when small targets at high elevation angles are competing
with low altitude clutter (especially birds) at the same slant range. A
simplified first cut analysis of such an antenna and feed system is shown
in Appendix F.

By comparison with existing systems the total antenna and
pedestal weights are estimated as follows:

L-Band 1200-1500 1bs.
S-Band 400-600 1bs.
S'-Band 300-500 1bs.

Additional studies need to be conducted in order to minimize cost of the
antenna/pedestal combination.
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3.3 TRANSMITTER/RECEIVER

The required transmitter power for the various frequency bands
can be calculated from the parameters listed in Section 3,1 and from
receiver noise figures assumed. Details of these calculations are shown
in Appendix C. Results of these calculations are discussed below.

3.3.1 Coherency Requirements

In Appendix C the required clutter improvement (CI) is calculated.
Clutter improvement is defined as the ratio of the signal to clutter at
the input of the signal processor to the signal to clutter at the output
of the signal processor. These calculations are based on a standard clutter
model described in Section 2.4. The results are as follows:

BAND CI-RAIN CT-LAND*
L 7 dB 38-44 dB
S 21 dB 38-44 dB
Sit 25 dB 38-44 dR

*The lower number is for an antenna tilt of 4 deg.
and the higher number is for a tilt of 3 deg. See
Section 3.2.2 for elevation coverage with the
various tilt angles.

The numbers indicate the need for coherent processing (MTI or
doppler) on a per sweep basis, Elimination of second time around ground
clutter due to either high ground or anomalous propagation (AP) dictate
sweep to sweep coherency. These requirements, which are treated more
completely under Signal Processing, Section 3.4, indicate the need for a
fully coherent transmitter whose stability is sufficient to support a CI
of at least 50 dB. The receiver should be designed with the signal processing
in mind. Dynamic range is a prime consideration.

3.3.2 Power Requirements

The required transmitter power (see Appendix C) for the various
frequency bands is shown below:

BAND PEAK POWER AVG. POVER
L 8 kW 32 W
S 60 kW 236 W
s' 100 kW 391 W

These powers are considered reasonable and the use of anv of the bands
should be possible. It should be noted that these calculations are
critically dependent on assumptions concerning RF losses, processing
losses, and antenna gain. Conservative estimates of these values were
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used but final design selection of transmitter power should be based

on a specific design study which should also take into account possihle
operational degradation of system elements., Im ecmentation is covered
in Section 3.3.4. The cost considerations will be covered in

Section 3,10,

3.3.3 Receilver Sensitivity

The receiver sensitivity numhers are based on noise figures

attainable "off-the-shelf'", The numbers used are summarized below:
BAND N.F, SENSITIVITY
L 4 dB -112 dBm
S 5 dB -111 dBm
S 5 dB -111 dPm

Any improvement that can be achieved will pay off in reduced power
and could be considered to be a cost effective tradeoff,

3.3.4 Implementation

The transmitter implementation is probably straishtforward.
However, the details will be highly dependent on the availabilitv of
transmitter tubes, The coherency dictates the use of a master
oscillator/power amplifier system (MOPA). Tubes used in typical
gystems are 3 and 4 cavity klystrons and TWTs. Tubes with near the
correct characteristics are shown below. (These are primarily military
and are not considered complete. This information is provided to illus-
trate the general state of the art):

TUBE MANF. FREQUENCY PK PWR  AVG PWR  GAIN  TYPE
SAL41501 SPF 1215~1365 8K - 28 KLY3
STL161 SPG 1215-1365 6K 36 37 TWT
STL162 SPG 1250~1350 7K 60 38 TWT
VTS5650A1 VAE 2850~3350 100K 500 2 TWT
JAN8128 RAW 2850~3350 60K 1260 20 TWT
PT1006 VAR 2700~3050 200K 270 44 KLY4

SPG - Sperry, Gainesville, Fla,
VAR - Varian, Palo Alto, Calif,
RAW - Raytheon, Waltham, Mass.
VAE - EMI-Varian, Middlesex, Fngland

The general status at L-band is good although some minor
modification may be required. The situation at S-band and S'-band
is slightly less optimistic in that fewer tubes are available and more
modification may be required. In particular, frequency scaling probahly
will be necessary, Fxtreme stability and long life should be readily
achievable at the power levels indicated.

3-11




Modulator requirements are modest with voltage/current of
16-20 kV/4-5 amps being required at L-band and 30-40 kV/14-18 amps being
required at S or S'-bands. Solid state modulators of the type developed
for the ASR-8 promise high-stability and long life in the SRTR application.
Drive signals for the tubes indicated range from 600 W down to 1 W. The
drivers may be solid state or possibly require another klystron or TWT. |

The receivers are well within the state of the art. Parametric
amplifiers may be required. Dynamic range, noise figure, stability and |
reliability are the major considerationms.

3.4 SIGNAL AND INFORMATION PROCESSING CONSIDERATIONS

3.4.1 General

3.4.1.1 General Block Diagram and Description of Processing System

The radar and its processing and display system may be simply
represented by the functional block diagram shown in Figure 3.4.1. The
radar system consists of the radar which sends data to a signal processor,
usually an MTI type processor, whose filter shape discriminates against
fixed targets. This is followed by a detector and then by some type of
noncoherent post-detection integration system to help enhance the signal
in the presence of noise and extraneous clutter, such as rain and strong
ground clutter backscatter. The resulting signals are then presented on
a PPI (Plan Position Indicator) display which presents those signals
which have exceeded a fixed threshold.

3.4.,1.2 Historical Techniques for Processing, Thresholding and
Displaying ASR Radar Data

When aircraft surveillance radars were developed for air defense
purposes in the late 1940's and early 1950's, inexpensive, fast, reliable,
low cost, solid state logic modules had not yet been developed. General
purpose digital computers were just being developed. In that time frame,
all signal and post-detection processing were done using analog techniques
and the results were displayed on an analog display, the PPI. With these
PPI's, the amplitude of the thresholded and processed signals (targets)
could only be displayed with limited dynamic range. In order to optimize
the operators' detection of aircraft on PPI's, it was found that limiting
the clutter at the IF stage of the radar receiver would make the RMS noise
due to clutter equal to that due to the receiver, and under these conditions
and assumptions the detection of aircraft was optimized. Also, these systems
employed a fixed threshold for the entire radar coverage. This threshold
could be controlled by the radar operator, but it could not be varied from
geographical area to area.
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Since these early days of radar, technology has changed
drastically. Of greatest importance, the advent of low cost, reliable,
fast, solid-state integrated circuit logic has made possible revolu-
tionary changes in the ability of the radar to process large quantities
of data fast and reliably. With the use of these new techniques, sig-
nificant advances (see Booker 1947, Freehafer 1951, and Randall 1966)
have been made to optimally process, threshold and display air traffic
control radar data.

3.4.2 Implications of Coherency and Inexpensive Fast Digital Logic
on Signal Processing

3.4.2.1 Clutter Improvement Requirements

The ground clutter backscatter coefficient varies appreciably
from spot to spot in the area of coverage. The main contribution to the
spectral spread of the ground clutter comes from the amnlitude modulation
of the ground clutter by the antenna's beam shape as the radar scans by
the clutter from pulse to pulse. The present ASR radars suppress ground
clutter by three mechanisms: MTI (Moving Target Indicator) techniques,
antenna tilt and by mounting the antenna close to the ground to take
advantage of the shielding effect of nearby objects. The MTI processors
in these radars employ limiting in the IF, followed by a phase detector.
The purpose of the limiting is to normalize the video cutput so that
clutter residue from the MTI filter is reduced to the average noise level.
This limiting action spreads the clutter spectrum so that it is more
difficult to see moving targets in the presence of ground clutter than if
the normalization had been done by some other mechanism not involving
nonlinearities. The performance of S-band, three-pulse cancellers with
and without limiting are presented in Freehafer 1951.

In order to obtain a reasonable signal-to-clutter ratio, it
is commonplace for the present ASR's to tilt the antenna upward by
2 to 5 degrees depending on the local clutter situation. This advantage
is offset by the degraded detectability of aircraft flving at low elevation
angles.

By keeping the receiver and signal processing systems linear,
greatly improved subclutter visibility can be achieved. The necessary
clutter improvement for both rain and ground clutter have been calculated
and are presented for L-band, S-band and UHF in Figure 3.4.2. These
assume a 2 microsecond pulse, a 3.4 degree azimuthal beamwidth, a 2000 Hz PRF
and a ground clutter cross section of -18 dB (95 percentile value obtained
from Levingston). (see Levingston 1970)

In the so-called "second-time-around" clutter effect, returns
are being received due to illumination of clutter beyend the nonambiguous
range by the next-to-last pulse transmitted. These returns are prevalent
where conditions for anomalous propagation exist or in regions where
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*CLUTTER
IMPROVEMENT **CLUTTER
(RAIN) IMPROVEMENT
FREQUENCY PULSEWIDTH PRF 16 mm/hr. Level dB
UHF 2 usec 2000 Hz 0 44
L 2 usec 2000 Hz 7 44
S 2 usec 2000 Hz 21 44
s 2 usec 2000 Hz 25 44

Table assumes 3.4° Beamwidth

*Assumes Linear Polarization on all Bands
**Assumes 6 dB Tilt Improvement (3° Tilt)

FIGURE 3.4.2 CLUTTER IMPROVEMENT REQUIREMENTE 11
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mountains exist beyond the nonambiguous range. Present ASR's use
magnetron transmitters that transmit pulses with random phase from
pulse to pulse. Thus, it is impossible to maintain the phase relation
between the first- and second-time-around clutter returns and the two
cannot be filtered out simultaneously. As shown later, if a coherent,
klystron or TWI-type transmitter is employed and then groups of pulses
are coherently processed in the MTI processor, the second-time-around
clutter problem may be eliminated.

3.4.3 Range Coverage and Range and Doppler Velocity Ambiguities

3.4.3.1 Range and Elevation Angle Coverage

Operational requirements state that the radar should have good
detectability against a one square meter target at 16 nmi on the horizon.
Because the antenna will be tilted up slightly (3 degrees) this implies a
detection range of 20 nmi on a one square meter target. This coverage will
extend to 6 degree csc’ bean shape. It should be noted that with these
performance characteristics the radar will have the ability to detect
targets of 10 square meter size out to a range of about 32 nmi and an
altitude of about 17,000 feet. These coverage patterns for 3 and 4 degree
elevation angle tilt are shown in Figure 3.2.2. Because of this added
capability, the radar will be instrumented to 32 nmi.

3.4.3.2 Range and Doppler Velocity Ambiguities

The relationship between ambiguous range and pulse repetition
rate (PRF) is shown in Figure 3.4.3. This figure shows that any PRF
below 2700 Hz will have no range ambiguities from zero to 32 nmi.

The ambiguous doppler velocity is related to both the PRF
and the radar frequency. This relationship is plotted in Figure 3.4.4
for the frequency bands under consideration; high S-Band (S'), S-band,
L-band and UHF. Since aircraft in the terminal control area are required
to have a speed less than 250 knots, note that for high S-band and S-band
even at a PRF of 2700 Hz, the velocity will be ambiguous at times. This
ambiguity can be resolved by transmitting coherent pulse trains at
alternating PRF's differing by 20 percent or so. At L-band, there is no
problem with velocity ambiguities even at 2000 Hz.

3.5 SIGNAL PROCESSING IMPLEMENTATION
3.5.1 General
Over the past four years MIT Lincoln Laboratory has developed
for use with the present and future ASR's, a signal processing system which
significantly enhances the ability of the ASR's to automatically detect all

aircraft in its coverage while still rejecting ground clutter, weather
clutter and angels.
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This system, developed for the FAA (ARD-240) was tested at NAFEC
during the summer of 1975. Results indicate that these newly developed
techniques can be exploited in the design of the Short Range Terminal Radar
(SRTR) and the cost of the signal processor employing these new techniques
for SRTR will be less than for ASR implementation, but will have the same
optimal performance.

The first MTD (Moving Target Detector) processor (see Appendix G)
was a special purpose, hard-wired, digital signal processor. The processor
which coherently integrates ten pulses has both a fine grained clutter map
for optimal thresholding in high ground clutter environments and a mean-level
thresholding scheme for filtering those doppler cells which contain heavy
precipitation., Because of the processor's ability to detect targets in a
high ground clutter environment, air traffic control radars will be able
to operate their antennas at lower elevation angles and, thus, have better
coverage of low flying aircraft near the terminal.

The processor has been initially tested on a highly modified,
coherent, S-band, FPS-18 radar. The stability of the klystron transmitter
was improved so that it would not limit system performance and a new, wide
bandwidth, linear receiver was provided. Also tested alongside the MTD was
the RVD~4, a non~coherent digitizer developed recently by the FAA. Results
of simultaneous radar only output from the ARTS-III tracker are displayed in
Figures 3.4.5 and 3.4.6 for the tests in heavy rain and ground clutter.

3.5.2 Summary of Advantages of Processor Employing MTD Technology
(see Table 3.5.1)

(a) By keeping the receiver linear over the entire range of
anticipated ground clutter amplitude, the MTI subclutter
visibility has been increased by about 20-25 dB, thus
achieving good detectability even at long range and low
elevation angles. ’

(b) The ground clutter map thresholding scheme gives good
visibility against targets with zero radial velocity
whose cross section is larger than that of the ground
clutter.

(c) By coherently processing groups of pulses whose interpulse
period is constant from pulse to pulse, second-time-
around clutter problems are eliminated.

(d) By doppler processing and mean-level thresholding each
doppler cell independently and by employing multiple
PRF's, aircraft are clearly detected in the presence
of rain while the rain does not produce false detections.

(e) Optimal adaptive thresholding results in such clean data

that it may be remoted to display system over low cost,
narrow bandwidth transmission lines.
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TABLF 3.5.1

MOVING TARGET DETECTOR (MTD) ADVANTAGES

Ground Clutter 20 dB Improvement
Siting Freedom
Better Velocity Response
Tangential Target Visibility
Better Low Altitude Coverage

Second-Time-Around Clutter Eliminated

Weather Clutter Elimination of False Alarms
Most Target Velocities Visible

Petection Optimized for Each Range,
Azimuth, Velocity Cell

No Knobs - Completely Adaptive
With Time

Digital Output - Narrow Bandwidth
Transmission of Data
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3.5.3 Design and Cost of Signal Processor Using MTD Technology

In October 1976, the FAA initiated funding of a second generation
Moving Target Detector (MTD-II). This MTD-IT will be microprogrammable and
will have parallel structure (see Appendix G). The signal processing and
thresholding algorithms will be similar to those used in MTD-I but will have
better MTI performance and better performance in rain. In addition, the
structure of the processor has been designed for increased reliability and
maintainability. The MTD-I1 was developed to use the signal processing
algorithms tested successfully in MTD-1 at NAFEC by implementing them in a
system that can be readily commissioned for field use by the Airways Facilities
Branch in operational ASR's and ARSR's.

With these developments in mind, the general design and performance
of the SRTR signal processor would be the same as that of the MID-IT processor.
It should be noted that almost all of the SRTR/MTD-II research and development
will have been done in the ASR-7/MID-II development now underway. A major
part of the cost of the MTD's parts is the core memory storage used to store
the complex voltage samples of the 10 pulses for each of the 760 range cells
and also the disc used to store the ground clutter level for thresholding
each of the ASR’s 350,000 range azimuth cells. Since the SRTR would have both
a larger range and azimuth cell size and shorter instrumented range (32 nmi
as opposed to 48 nmi), the capacity of these storage devices and, thus, their
cost will decrease drastically, but the processor performance of the MTD
design will not be compromised. 1In Table 3.5.2 the number of range cells is
shown for the FPS-18/MTD configuration and for the SRTR instrumented to
32 and 20 nmi. In Table 3.5.3 a similar comparison is made for the number
of azimuth cells. In the MTD prototype there is an azinuth cell stored on
the clutter map for each CPI (Coherent Processing Interval) while with the
SRTR the map will use the average clutter level for a beamwidth to conserve
storage space. In Table 3.5.4 the number of range azimuth cells is compared.
With the MTD's 370,000 range azimuth cells in the clutter map a disc is the
most economical means of storage, but in a 32-nmi SRTR digital CCD memory
will be the most economical means of implementation.

With the reduced storage requirements the cost of MTD-type processing
is quite reasonable. Table 3.5.5 breaks down the component costs of the
processor. These costs are for parts but the $5/IC cost estimate includes
an estimate for interconnecting. The cost for a production version of an
MTD-type processor for the SRTR would likely be less than $30K, the value used
in our radar system cost estimates. Tt is also felt that the extra cost of
instrumenting the radar out to 32 nmi instead of 20 nmi is small compared to
the total cost of the processor. A lot of coverage on large targets is gained
at little processing cost. Also, it should be noted that the cost per function
of integrated circuits has drcpped a factor of two per year for the last ten
years and is projected to continue at this rate for at least the next eight
to ten years. Thus, these signal processing costs which are in 1976 dollars
should be judged conservative when it is realized that the SRTR would be
procured several years hence, and that the integrated circuit costs are dropping
much faster than inflation is rising.

Finally, it is concluded that all of the performance features of the
3 MTD-type processor can be incorporated into the SRTR at reasonable cost.




TABLE 3.5.7

RANCE CELi.S

NO. OF
"TON
RADAR TYPE RANGE RESOLUTION MAX. RANGE RANGE CELLS
FPS-18/MTD 1/16 nmi (0.833 usec) 48 nmi 760 cells
L-bane or S=band 10,15 nmt (2 usec) 20 nmi 133 cells
L-band or S-band 0.15 nmi (2 usec) 32 nmi 213 cells

SRTR
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TABLE 3.5.3

AZIMUTH CELLS

AZIMUTH NO. CPT/ NO. AZIMUTH
RADAR TYIE BEAMWIDTH | REVOLUTION gl CELLS
FPS-18/MTD 1L 2e 480 1200 Hz 480
L-band or S-band ;
(SRTR) (2 u sec) 3.4° 900% 2000 Hz 100 i
*4 sec/revolution of antenna assumed

TABLE 3.5.4

RANGE - AZIMUTH CELLS

RADAR NO. RANGE |NO. AZIMUTH NO. RANGE-

CELLS CELLS AZIMUTH CELLS
FPS-18/MTD 768 480 370,000
SRTR* (20 nmi range) *%123 100 12,300
SRTR* (32 nmi range) #%198 100 19,800

*SRTR Parameters Assumed

3.4° beamwidth
2000 Hz PRF
2 usec pulse
4 sec data rate

**Instrumented Range




TABLE 3.5.5

COST OF THE MTD PROCESSING*

SRTR** (20 nmi)

SRTR** (32 nmi)
Processing Elements $ 3,600 (3 PE's)
Memory and Map Cards 920
Controller 1,200
Power Supplies 900
Cabinet 1,500
Cabling 1,100
Distribution Cards 1,800
Radar Controller and 1.200
Interrupt Vector &

Slice Assignment Module 800

$13,020

$ 2,400 (2 PE's)
740
1,200
900
1,500
1,100
1,800

1,200

800
$11,640

*These costs are for parts only, but IC costs
include interconnection costs

**SRTR parameters assumed - see Table 3.5.4
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3.6 INFORMATION PROCESSING AND DISPLAY

3.6.1 General

After the signal processor, two types of processing are required
to filter the radar output before presenting it to the controller, First
is intra-scan correlation which consolidates the many threshold crossings
from one target into a single report and from the many reports, estimates
the target centroid in amplitude, range, doppler and azimuth, Second,
there is the function of inter-scan correlation; this process would correlate
reports over a few scans, deleting reports from low velocity tracks such
as cars and bird flocks. These two functions can easily bte performed in
a minicomputer.

3.6.2 Weather Output Processing

In order to determine the capability of a proposed svstem to detect
weather, it 1s necessary to calculate the amplitude of the signal received
from rainfall. This has been done using the equation at the top of
Figure 3.6.1. It is assumed that if the rain return exceeds the receiver
noise by 10 dB that it will be detectable. The range at which the rain-
to-noise ratio equals 10 dB has been calculated for two rain rates, 1 mm/br
and 16 mm/hr. The ranges are tabulated in Figure 3.6.1. The results show
that a 16 mm/hr rain can be detected by any of the radars listed out to a
range of at least 20 nmi. A 1 mm/hr rain can be marginally detected at
S-band and S'-band but cannot be satisfactorily detected at L-band.

At present the MTD processor has a weather level output. It is
formed by summing the amplitudes of the returns for doppler cells 1 through 7
for each range azimuth cell. This data can then be routed to a minicomputer
and single level weather contours (Figure 3.6.2) can be generated for
display to the air controllers.

3.6.3 Displays (Scan History Display)

Radar target data from the information processor (mini-) computer
will be displayed on a digital display in a standard scan history format.
One or more levels of weather contours will also be displayed. The target
reports from the most recent scan will be displayed with a symbol different
from that used to display the previous scan's target repcrts. This will
indicate the direction of the aircraft to the air controllers. A typical
scan history display format is shown in Figure 3.6.2.

3.7 RADIO FREQUENCY INTERFERENCE AND BANDWIDTH UTILIZATION

The determination of parameters for minimizing Radio Frequencv
Interference (RFI) tend to establish how an available bandwidth may best
be utilized. RFI is, therefore, considered first and its implications
on bandwidth utilization taken up next.
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FIGURE 3.6.2

TYPICAL SCAN HISTORY DISPLAY
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3.7.1 RFI

The SRTR may be exposed to many sources of RFI, such as electrical
machinery noise and spurious emitter signals. However, the latter tend to
be random in nature and, though important, do not have the impact of radars
operating at the same band and within reasonable distances., The radar RFI
problem is further aggravated because pulse widths, PRFs, and scan rates
become comparable in equipment designed to perform similar if not identical
functions.

The three most important sources of radar RFI to the SRTRs would
be as follows:

(a) Other SRTRs within a vicinity of the victim SRTR,
(b) ARSRs operating in the vicinity of an L-Band SRTR,
(c) ASRs operating in the vicinity of an S-Band SRTR,

In (b) and (c) the effect of the SRTRs on the ARSRs or ASRs is
not calculated. Calculations of frequency and range separation to prevent
SRTR interference from these radars establish that the SRTR cannot muster
sufficient power or antenna gain to affect the ARSRs or ASRs.

The radar characteristics that enhance interference are the
interfering radar's RF power spectrum, and antenna gain and the victim
radar receiver sensitivity and antenna gain. The factors that tend to
lower interference are the propagation loss and the victim receiver
ability to be tuned to a different frequency than the interfering radar.
The measure of how these factors interact is the interference to noise
ratio. The expression relating these parameters is derived from the radar
range equation and is given in Appendix A. A significant reduction of RFI
1s also possible in a signal processor by establishing logic that rejects
obviously "illogical' targets. No attempt has been made to explore this
possibility in this section of the report.

The probability of mutual antenna gain coupling is calculated in
A.l1 with the result that, for two uniformly scanning antennas, the sidelobe
to sidelobe situation is the most significant. Mainlobe to sidelobe
coupling is at least two orders of magnitude less probable and mainlobe
to mainlobe coupling is least probable by four orders of magnitude, as
clearly expected.

A set of calculations detailed in A.2 permit the quantification
of range separation as a function of frequency separation for three values
of interfering pulse spectral power density. The calculations were made
for the three interfering sources discussed above. It must be pointed out
that in all cases where value judgements were made during the calculation
the results were slanted to provide conservative estimates, thus predicting
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"worst case' bounds. For example, the required interference to noise
ratio was set at unity though it is possible to operate with a value
of 10. (See Skolnik, 1970).

The plots indicate that SRTR to SRTR range separations
of 10 nautical miles are highly plausible, given 50 MHz center frequency
separations, and accepting the low probability main beam to main beam
interference. The ARSR to L-Band SRTR range separation should be 22.5 miles
for the same frequency separation. The ASR to S-Band range separation
should be about 17.5 miles for the chosen 50 MHz separation.

3.7.2 Bandwidth Utilization

The results of the calculations discussed in the previous
section lead to some conclusions concerning bandwidth utilization. These
are:

(a) The frequency allocation at L-Pand is rather small (100 MHz
possible, 50 MHz probable) thus leading tc some difficulty
of siting SRTRs close together. Furthermore, interference

from a neighboring ARSR could be a problem, 20 MPz frequency
separation at range separations of 15 nautical miles is
possible.

(b) The frequency allocation at S-Band is 200 MFz alleviating
the choice of frequencies. Fowever, the ponulation of
ASRs makes potential interference from this source a greater
problem than in (a) above.

(c¢) The frequency allocation at S'-Band is 200 MFz and there
seems to be no potential source of interference from other
than SRTRs,

(d) Serious consideration should be given to shaping the SRTR
transmit pulse to reduce spectrum spreading. Ore technique
is to form rise and fall times of at least 10 percent of
the pulsewidth. Ideally a Gaussian pulse shape would produce
the least sideband power but other considerations may preclude
such a waveform.

(e) The design of the antenna should have as a goal the reduction
of sidelobes to a minimum. Fven though -20 dB sidelobe values
were used in the calculation it is felt that the maximum
sidelobe levels of -25 dB are achievable,

An example of a possible coexistence of seven SPTRs operating in

a rather small area is presented in A.3. Its purpose is to place into
perspective the results of the range and frequency separation curves in A.2.
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3.8 PACKAGING CONSIDERATIONS

The SRTR should be packaged in a manner which provides efficient
utilization of space with emphasis on ease of servicing and maintenance,
All equipment except display and remote controls should be contained within
a semiportable, low cost environmentally controlled enclosure/shelter,

3.8.1 Equipment Cabinets

It is anticipated that the SRTR will be contained within three
primary cabinets (approximately 72 x 19 x 22 inches). (See Figure 3.8,1.)
For example, these cabinets could contain:

(a) The transmitter, modulator, synchronizer, power supply,
transmitter built-in test equipment and cabinet level
fault isolation circuitry,

(b) the receiver/moving target detector, power supply and
cabinet level fault isolation circuitry, and

(c) the radar video processor, power supply, cabinet level
and master fault isolation circuitry. Space could be
allocated in the processor cabinet for including a solid
state, low power beacon interrogator and defruiter; however,
an additional cabinet could be easily accommodated.

Sub-assemblies within the cabinets should, insofar as possible, be
arranged functionally with sub assembly level fault isolation circuitry,
to facilitate trouble shooting and corrective maintenance.

Power distribution, antenna drive control, etc. cculd be located
in the transmitter or receiver cabinet.

3.8.2 Antenna Assembly

It is anticipated that the entire radar antenna assembly could
be accommodated on the enclosure/shelter roof; however, a separate
adjacent tower might be necessary if the "L'" band SRTR is selected.

3.8.3 Beacon Antenna Considerations

Two options appear to be available for configuring the beacon
antenna system. The option selected<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>