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INTRODUCTION

Several years ago the Federal Aviation Administration (FAA) embarked
on a program to develop a Microwave Landing System (MLS). Two design
techniques, Time Reference Scanning Beam (TRSB) and Doppler scan were
analyzed and developed for comprehensive comparative evaluation, Numerous
tests were conducted at the FAA's National Aviation Facilities Experimental
Center (NAFEC), Atlantic City, New Jersey, before the FAA selected the
TRSB system as the choice for final developmient., TRSB MLS is the United
States/Australia (Interscan) candidate submission to the International Civil
Aviation Organization (ICAO) as the eventual replacement for I1.S.

In March 1977, following a 15-month period of intensive and compre-
hensive assessment of all competing microwave landing systems, the ICAO
All Weather Operations Panel (AWOP) recommended TRSB as the preferred
candidate microwave landing system for international adoption. This
assessment involved more than 100 leading international experts in micro-
wave landing systems.

The Air Navigation Commission (ANC) forwarded the AWOP recommen-
dation to the ICAO Council, whereupon the Council scheduled a worldwide
meeting for April 1978, to address the question of selecting the new inter-
national standard for an approach and landing guidance system. In the
interim, in consonance with the ICAO Council suggestion that proposing
States carry out demonstrations at operational airports, the FAA has
developed a program to conduct operational.demonstrations of several TRSB
hardware configurations at selected airports in the United States and abroad.
(Hereafter for simplicity, "TRSB MLS" will be referred to as ""TRsB. ")
These demonstrations are intended to show that the TRSB signal format and
system design are mature and satisfy the full range of requirements from
general aviation use to scheduled air carrier operations, for Category 1
to Category IlI autoland. Additionally, these demonstrations provide
opportunities for representatives and officials of the international aviation
community to gain first-hand knowledge of TRSB and its application to
their particular requirements.

DISC USSION

The TRSB flights of Decermmber 5 through January 4, 1978, at John I,
Kennedy International Airport represent the fourth in a series of operational
demonstrations at domestic and toreign civil airports. These demonstrations
had several objectives. First, the use of TRSB for automatic guidance on
an actual complex path used for noise abatement and to resolve traffic
conflicts with LaGuardia Airport, was planned for demonstration. Collection
of engineering data on TRSB was a second objective which had the twin




goals of providing a data base for further validation of multipath computer
simulations and for collecting performance data to be used in the bilateral
data comparison of DMLS and TRSB.

The operational demonstrations were accomplished without difficulty,
and aviation officials and international technical experts observed and
participated in coupled and manually controlled flights of TRSB equipped
aircraft at this large and busy international airport. The operational |
flight profiles were patterned after the JFK noise abatement profiles to i
Runway 131, known as the "Canarsie' approach.

The required engineering data to satisfy the second objective was un-
usable due to problems connected with the time correlation of the precision :
tracker data and the TRSB receiver angle output records, and the associated
tracker calibrations and computer software required to process and reduce
the data. Subsequently, the engineering data collection effort at JFK was
rescheduled for early in March 1978, which would be immediately prior to
the scheduled DMLS tests at JFK. This would allow sufficient time to
resolve the tracker data processing problems and thus allow proper support

{ of both the TRSB and DMLS test efforts, These latter efforts were success-
) fully conducted during March 1978; the results are the subject of a separate
report on the comparative tests of DMLS and TRSB at JFK.

E Site Selection

Figure 1 shows the siting of the TRSB equipment at the JFK airport
on Runway 131, Note that two locations are indicated tor the elevation
subsystem. A "mixed'" TRSB system was installed consisting of the Basic
Wide "test bed" azimuth subsystem and the Basic Narrow elevation sub-
system. Although the Basic Wide ""test bed' was the designated system
to be used in the comparative testing, ¥ the elevation array had been returned
earlier to the manufacturer (Bendix Corporation) for refurbishment and
packaging in a case suitable for mobile field demonstrations, and had not
become available at the time scheduled for the demonstrations at JFK.

The Basic Wide "test bed'" azimuth subsystem is a conventional 10
beamwidth phased array, and provides t+ 009 proportional guidance, with
vertical coverage up to 209,

The Basic Narrow elevation subsystem has lateral coverage in excess
of + 409, and vertical proportional coverage to 15, The antenna is a
nicrowave optics (Rotman lens) design which has a 1.5° beamwidth,

—ry——

*NOTE: By bilateral agreement between the UK CAA and the FAA, JFK
and two other airports were chosen for comparative DMLS and
TRSB trials and specific ground system components were

designated.
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In order to provide complete TRSB coverage of the '"Canarsie"
approach from centerline to the Canarsie (CRI) VOR, lateral azimuth
coverage to about 45° and lateral elevation coverage in excess of 55°
are required. Thus, the + 60° azimuth unit is well suited for this
approach, but the elevation signal is attenuated more than desirable
near the CRI VOR due to the increased pattern roll-off beyond the
400 coverage specification. The Basic Wide ''test bed'' elevation sub-
system with its wider coverage capability would be the preferred choice
for this installation.

The available Basic Narrow elevation array was installed on the
north elevation pad for the demonstration flights. This left the south
pad open for the Basic Wide ''test bed' array when it became available,
without disrupting the demonstration schedule. Also, computer simu-
lations suggested that measurable effects due to reflection of the elevation
signal by the hangar line to the north of Runway 13L would be observed.
Siting on the north pad would provide the best chance to acquire data
applicable in further validation of the computer simulations, although
the elevation signal quality would be somewhat degraded in the -25° to
-30° azimuth region (about halfway between the centerline and the CRI
VOR). Siting the elevation on the south pad would be the normal installa-
tion at JFK. This would also reduce the signal shadowing by the hangars
to the north, and move any hangar reflection on the Canarsie approach
to wider azimuth angles (beyond 35%2), This more typical operational siting
was the preferred location for the DMLS/TRSB comparative testing.

In the final analysis, the test bed elevation subsystem did not become
available in time for installation during the demonstration period, and the
demonstrations were completed using the Basic Narrow elevation sited on
the north pad. Difficulties with deploying the newly acquired laser tracker
and achieving integration into the data collection and processing systems,
plus the late availability of the designated test bed elevation subsystem
required that the comparative profiles be accomplished at a later time.
Thus, no error data with precision tracking was obtained during this
demonstration period, although the available airborne receiver angle
records (see Appendix B) can provide some support to the simulation
validation efforts.

System Installation

Runway 13L is 10,000 feet (3, 048 meters) in length, but has thres-
holds displaced 1, 000 feet (305 meters) at both ends, yielding a usable
length of 8,000 feet (2, 438 meters). The azimuth subsystem was sited
along the extended centerline 2,170 feet (661 meters) beyond the stop end




of the runway. The elevation subsystem as sited on the north pad was

250 feet (76 meters) perpendicular to the centerline and 769 feet ( 234 meters)
from threshold. In less than 3 workdays from equipment arrival at JFK
Airport, installation and alignment were completed. This was accomplished
under extremes of weather conditions. Additionally, in the course of

initial equipment set-up the electronic scan was inadvertently set to scan
less than the + 60°, and this was corrected before demonstrations and

data gathering was undertaken. The TRSB sites with respect to Runway

13L and surroundings are depicted in Figure 2. Figure 3 is a general

view of the TRSB elevation site in the vicinity of the hangar line to the

north. Figure 4 is a closer view of the Basic Narrow elevation site,

and Figure 5 shows this site from the opposite side. The JFK airport
control tower and some of the airline terminal buildings at the airport

can be seen in the background of this figure. Figure 6 details the mount-
ing of the elevation antenna on the concrete pad. Although not shown in
these views, the field monitor horn antenna for the elevation subsystem

was located 1000 feet (30.5 meters) directly in front of the elevation
antenna.

It is apparent from the perspective in Figures 2 and 3 that the
three-hangar complex adjacent to the site has the potential to provide
both reflection and shadowing effects at lower elevation angles. ''Horizon"
profiles for both the north and south elevation sites are shown in Figure 7.

Figure 8 shows the azimuth subsystem installation. The antenna
and electronics for the azimuth subsystem are located in the antenna
enclosure. In the background of this figure is the commissioned ILS
localizer for Runway 13L. Although the azimuth subsystem was located
in front of the localizer, it had no adverse effect on the localizer per-
formance as verified by FAA Eastern Region flight-check inspections.

Figure 9 is a view of the azimuth subsystem enclosure from the
rear. The mounting details of the enclosure on the concrete pads can be
seen in this figure. Although not shown, the field moniter horn antenna
for the azimuth sub-system was located 100 feet (30.5 meters) directly
in front of the azimuth antenna.

Located near the TRSB azimuth subsystem, 309.4 feet (94. 3 meters)
to the northeast, was the DME electronics package. It was located in
the van shelter which housed the laser tracker rather than within the
azimuth enclosure where it would normally be housed (Figure 10).

Flight Path Geometry

The flight path used for the operational demonstrations was the
curved Canarsie approach route to Runway 13L as shown in Figure 11.
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Flights were made with an initial altitude of 2, 300 feet (701 meters) over
the Canarsie VOR and continued from there in a fully coupled curved
approach on a steady 3.15° descent to final autoland. This approach path
over Jamaica Bay and the Shore Parkway is a preferred route for avoid-
ing traffic conflicts with LaGuardia Airport to the northeast and for
reducing aircraft noise over heavily populated residential .listricts. Cur-
rently, it is only available under VFR conditions.

Standard profiles (radials, partial orbits and approaches) were used
for the data acquisition flights and are listed in Table 1.

TRSB Operational Demonstration and Data Acquisition Flights

Close coordination between project personnel on the TRSB demonstra-
tion team and JFK air traffic controllers at the N. Y. Common IFR Facility
and the ATC Tower permitted use of Runway 13L during daylight hours
for the TRSB operational demonstration flights. However, the data acqui-
sition flights had to be made between the hours of 0300 EST and 0700 EST,
because the data flight patterns required the test aircraft to fly into the
LaGuardia Airport airspace. Flights demonstrating the curved Canarsie
approach encountered occasional delays when departing aircraft penetrated
the Canarsie approach region.

The 14 operational demonstration flight periods are listed in Table 2,
TRSB Operational Demonstration Flights at JFK, December 1977. Table 3

lists the international representatives who participated in these flights as
observers. The aircraft used on the operational demonstration flights was
the NASA Terminal Configured Vehicle (TCV) B-737. Figure 12 shows
this aircraft on a typical TRSB approach to Runway 13L.

The data acquisition flights were flown with the NAFEC Convair 580
(N-49) test bed aircraft (Figure 13). The final data acquisition flight was
on January 4, 1978, with the Basic Narrow elevation antenna moved to the
south side of the runway when it became apparent that the Basic Wide "'test
bed' array would not be available in this time period. A series of Canarsie
approaches were flown for comparison with data collected previously.

Airborne Instrumentation

The airborne equipment used in the demonstrations consisted of a
TRSB angle receiver, course deviation indicator, and precision DME
receiver. Associated instrumentation consisted of data multiplexer,
synchronizer, digital data recorder, and analog video recorder (Figure 14).
Digital AZ-EL-DME and serially coded time data were recorded on
magnetic tape in the aircraft.
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Mobile Van Instrumentation

In order to provide information on multipath sources for use in
connection with the Lincoln Laboratory computer simulations, a NAFEC
mobile test van was used to determine reflection coefficients of major
reflecting surfaces at the approach end of Runway 13L.

The mobile test van was positioned at various locations near reflection
sources to measure multipath levels. The van was equipped with the comple- |
ment of equipment shown in Figure 15 plus a vertical telescoping mast with
a TRSB receiving antenna, Figure 10 shows the test van beside Runway
131 near the touchdown region, The TRSB elevation site can be seen to .
the left. The mast antenna height was variable from 5 feet (1.5 meters)
to 51 feet (15.5 meters). The receiving antenna could also be rotated
through a horizontal sweep of + 909, Two different receiving antennas
were used for different purposes. A wide angle 1 90° aperture was used
to receive combir:sd direct and multipath radiation, and a + 200 aperture
directional horn was used to separate the direct and reflected signals.

RESULTS

The system installation and operational demonstrations were hig‘hly
successtul and gave the many participants considerable insight into opera-
tional benefits available by application of TRSB at JFK. In the case of the
NASA 737 autolands, 45 of 00 were conducted without incident despite wind
conditions and a trajectory which stressed the nonoptimized area naviga-
tion computer used for this very close-in capture of the final approach path,
Ihere were 15 cases where it was not possible to complete the full approach
automatically due to the inability of on-board equipment to cope with those
winds, and in a few cases due to failure of aircraft instrumentation electronics.
There were no cases where problems with TRSB MLS guidance accuracy
were responsible for incomplete autoland.

The airborne data records indicate good quality guidance throughout
most of the TRSB coverage region. However, these records (although
qualitative in nature) indicate certain regions of reduced guidance quality
wort hy of comment,

The receiver records for azimuth show high quality guidance on most
profiles. Some shadowing effects are noted at low angles; the occasional
isolated perturbation is assumed to be due to local airport trafficy,

“This traffic was on Runway 221.-4R which was in active use when these

tests were made. However, in an operational situation, this cross runway

would normally not be in use when landings were being made on Runway
130.-31R.,




The receiver records for elevation show the expected guidance
deterioration at wide angles due to the Basic Narrow elevation antenna
coverage limits. Also noted are the longer reflection effects at azimuth
angles outside of -25° and the hangar blockage effects at the wider azimuth
angles on the opposite side of centerline. * From accumulated knowledge
of TRSB and DMLS as well as from theoretical understanding, these effects
would be experienced by either C-Band system.

On the Canarsie approach route, the hangar reflection effects, as
expected, are found in a region centered on -27° azimuth with the eleva-
tion antenna on the north pad and are noticeable in the vicinity of -38°
azimuth with the antenna moved to the south pad. At wide angles, beyond
the design limits of the Basic Narrow elevation antenna, noise increases
rapidly indicating, as expected, that the Basic Narrow elevation antenna
coverage is marginal for this application and that the basic wide elevation
antenna which was planned for this demonstration, is the proper choice.

It is important to recognize that these results are only the receiver
output and are not error plots which can be quantitatively assessed. With-
out the benefit of comparison with a tracking system (a measurement
standard), the effects of aircraft motion are still included in the data pre-
sented. For this reason, it is appropriate to exercise caution in interpret-
ing these results, especially in any comparative sense. **

Specific results are:

1. The operational flights demonstrated conclusively the capability
of the system to provide guidance for performing the Canarsie curved-path
approach and landings under automatic and manual control to Runway 13L.

*The hangars of concern at JFK runway 13L violate the ICAO obstruction
clearance limit (OCL) by some 31 feet (i. e., they are 80 feet high whereas
the OCL limit for that distance from runway centerline is 49 feet).

w#Before publishing this report, a subsequent set of comparative TRSB and
DMLS data was gathered for CAA/FAA bilateral comparison purposes.
That independent activity is reported separately so as to avoid misleading
the reader.
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2. There were no adverse effects from the observed multipath
signal disturbances during the flights in the FAA Convair 580, CV-880,
and the NASA B-737.

3. The TRSB system installation was completed in a short time
interval in a routine manner in the very complex environment of a busy
international airport.




TABLE 1

TRSB DATA ACQUISITION FLIGHTS AT JFK, DECEMBER 1977

FLIGHT PATTERN DESCRIPTION

Level flight centerline radial from 15 nmi

Level flight radial at 38° right from 15 nmi

Level flight radial at 38° left from 15 nmi
Clockwise arc 90° right to 90° left at 5 nmi
Counterclockwise arc 90° left to 90° right at 5 nmi

39 centerline approach to runway/overflight
from 10 nmi

59centerline approach to runway/overflight
from 10 nmi

Canarsie Approach

FLIGHT ALTITUDE
FEET

2,000, 4,000, 6,000
2,000, 4,000, 6,000
2,000, 4,000, 6,000
2,000, 4,000, 5,000
2,000, 4,000, 5,000

2,000 (initial)

2, 600 (initial)

2,300 (initial)




TABLE 2

JTRSB OPERATIOMNAL DEMONSTRATION FLIGHTS AT JFK

DECEMBER 1977

APPROACHES PARTICIPANTS BY ORGANIZATIONAIL
DATE FLIGHT AUTOLAND MANUAL AFFILIATION
¥2/5/1¢ 1 USA Press - 11
4 -
12/5/77 2 USA Press - 5; Television News - 3
12/6/77 1 USA Aviation - 7; National Transporta-
tion Safety Board - 2; FAA - 1
3 3
12/6/77 2 USA Aviation - 8; FAA - 2
12/7/77 1 USA Congressional Staff - 11; FAA - 2
4 2
12/7/77 é USA Congressional Staff - 10;
Electronics Manufacturer - 1
12/8/77 1 ICAO-1; Foreign Gov't. = 5; TV News 3
5 1 France Industry - 1; FAA - 2
12/8/77 2 ICAO ~ 12; Norway Civil Aviation - 1
12/9/77 1 New York Areca Aviation Interests - 12
4 2
12/9/77 2 New York Area Aviation Interests - 10;
Lincoln lLaboratories - 1; FAA-1
12/12/77 1 FAA Eastern Region - 8; FAA D.C.
Office - 3; Aircraft Mfg. - 1, New
York Port Authority - 1
> 1
12/12/777 2 FAA Eastern Region - 9; FAA
Washington Office - 4
12/13/77 1 Air Transport Assoc. - 10, Electronics
Manufacturer - 1; FAA-2
[ &
12/13/77 2 Air Transport Assoc. - 9; USA Press -

1; FAA -4

Abbreviations: FAA - Federal Aviation Administration
ICAO - International Civil Aviation Organization

10
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TABLE 3

TRSB MLS DEMONSTRATION PARTICIPANTS

REPRESENTING INTERNATIONAL GOVERNMENTS

Mr. T. H. M. Hagenberg
Mr. Keith Watling

Mr. Sandor Grashoff*

Mr. Daniel Dayer

Mr. William Codner

Mr. Ronald Chafe

Mr. James M. Ahwaix

Vice Commodore Elio J. Acostax*
Mr. R. W. Gross*

Mr. Fachri Mahmud*

Mr. M. Abouchacrax

Mr. Y. M. Lambert*

Dr. F. Crznarx

Mr. Eduardo Guillen Acuna*
Mr. Stuart T. Grantx

Mr. Jarl H. Edvardsen

Dr. J. Krieg

Mr. P. K. Ramachandran¥*

A. V. M. J. B. Russelx*

*]JCAO Representatives

11

Netherlands
United Kingdom
Netherlands
Switzerland
United Kingdom
Canada
Trinidad/Tobago
Argentina
Australia
Indonesia
Lebanon

France
Czechoslovakia
Honduras
Canada

Norway

Federal Republic of Germany
India

United Kingdom
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JOMN F KENNEDY INTERNATIONAL
CRI MLS RWY I13L NEW YORK, NEW YORK

KENNEDY APP CON
127.4 269.0
NENNEDY TOWER AQUEDUCT
91 2583 l ) LITEC
GND CON 5 L7 <=
121.9 M40 A”. \ol‘l;l‘(’)‘"s
RWY 15 \
AI‘M'N
[ DME Chan 70 )
[ canamsiE | /
{ 12,3 CRI l.- VOR * DMt KENNEDY \ :/‘.}'
IS99 UK
Chan 106
|
I
| “’:
() MLS TURN POINY
EXPERlMENTAL MIN SAFE ALT 25 NM CRI 2800
CRI LITEA ELEV 12 | Rwy 13U 1dg 8999
VOR / DME ! MLS 3.15°
i
N'__{‘ 2300 |
g }‘ ™ e 4NN .—
MLS FIX COORDINATES e
| S LU QURDINATES COURSE TO
| CRI VOR/DME NAO® 36.7' - WT73°53.7' (JFK 270.8°/5.7) 041.4°
' LITEA N4O® 38.2' - WT3°52.6' (JFK 286.6°/4.7) 041.4°
LITEB N40® 39.3' - W73°51.3' (JFK 304.0°/4 0) 054.2°
;’ LITEC N40°39.9'- W73°49.6' (UFK 322.1°/32) 076.8°
' LITED N40® 39.8' - WT73°48.2' (UFK 336.4°/24) 110.2°
THRES N40°®39.3' - W73°47.1 ' (JFK 351.1°/1.6) 132.8°
( AZMTH NAQ®38.5 —~ WT3°45.4' (UFK 073.4°/ 1.0) 132.8°
MLS RWY | 3L Q0 8'N - PN 48'W NEW YORK . NEW YORK

JOHN F KENNEDY INTERNATIONAL
FIGURE L1, CANARSTE APPROACH TO RUNWAY 131
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MICROWAVE LANDING SYSTEM (MLS) e

APPROACH ANDING \ND D PARTURE

ANDY HAS THE ADVANTAGE S INHE RENT

WITH OPE RATING AT ACROWAVE FREQUENCIES




TIME REFERENCE SCANNING BEAM
(TRSB) MLS IS AN AIR-DERIVED
APPROACH AND LANDING SYSTEM. An
arrcratt can determime (s position i space
by making two angle measurements and a
rANQe measurement A \IIHUI(‘ \]Imll\\l 1o
data capabinlity provides arport and runway
wdentitication and other operational data
{such as wind speed and direc ion, site data,
and system status)

FAN BEAMS PROVIDE ALL ANGLE
GUIDANCE (APPROACH AZIMUTH,
ELEVATION, FLARE, AND MISSED
APPROACH). The TRSB ground transmitter
supphies angle intormation through precisely
tmed scanning ot 1ts beams and requires no
tarm of modulation. Beams are scanned
rapidly 1o and “tro” throughout the
coverage volume as shown below. T each
complete scan cycle, two pulses are received
in the aircratt - one i the “10” scan, the
other in the 10" scan. The aircratt receiver
derives its position angle directly from the
measurement of the time ditterence between
these two pulses,

SCANNING BEAM CONCEPT

AZIMUTH Bt AM

TRSH bDeams ae scanned rapxdly “to™ and “tio”

Mack amd forth for azwmuth, down st g tor
elovation) at a precise rate

A-2

RANGE IS COMPUTED IN THE CONVEN
TIONAL MANNER. T RSE (oposes 1o use
L Band Distance Measaning b auipment
(DM ) that s compatible with ex - nqg
NAVIGALION equipment T proyde Drovend
accuracy and channelioation capabn! bes

1 he required 200 channels can be mad
avarlable by assignment o sharing of existeg
channels, using additional pulse

plexing. The ground transponder sty pucally
collocated with the approach asimuath

subsystem,

NOTE: The DME (ranging) fune ton s not
discussed in detarl because (s independent
ot angle guidance subsystems and theretore
is not critical to the description of TRSB

ELEVATION Bt AM




TRSB USES A TIME -SEQUENCED
SIGNAL FORMAT FOR ANGLE AND
DATA FUNCTIONS. Angle and data
tunctions (that is, approach azimuth,
elevation, tlare, missed-approach quidance,
and aaxthary data) are sequentially
transmitted by the ground station on the
saime channel, Pamary opetation is C-band,
with 300 KH: spacing between channels.
Howewver the tormat s compatible with

Ku Band requirements. (Note DME 15 an
ndependent tunction on a separate
trequency and 1s not a part ot this tormat.)

THE SIGNAL FORMAT IS DESIGNED TO
ALLOW A MAXIMUM DEGREE OF
FLEXIBILITY. F unctions can be trans
mitted in any order o combdimation ta meet
the unique operational needs of cach site.
This tlexibility s made possible by o

func tion preamble identitication messaage
This messaqe sets the arbornme receiver 1o
measute the anale or decode the data
tunction that will tollow, The orgering o
umung of transnussions, theretore, s not
important. This tlexibility permits individual
fund trons 1o be added or deleted to meet
specthic airport requirements. 1L also permuts
any TRSB airrborne recever to operate with
any Qround system, 1 he only requitements
are that a mymimum data rate (nunimat
number ot to-tro tme-ditterence measure
ments per second) be mamntained tor each
angle tunction, and that these measurements
be relatively eventy distributed i time, An
example of two 6d-milhisecond sequences of
acontiguration that utilizes all avaitable
tunctions s Hustrated below,

§ Qt § S 8 8
e 35 wlel 285 R8Y S|
HHIR R HE R R EHE
wl & < <la ER I I
w0 N - 64 @
/ EIU\AIH‘N
MISSE D
APPROACH
AJIMUTH

The TRSH sgnal offers maximuom tlexatabity
1O MEET UKL USET T ements

A-3

THE TRSB FORMAT PROVIDES FOR
CURRENT AND ANTICIPATED FUTURE
REQUIREMENTS. Included are

N E 23 H N NEEE
=3 §.. < %3 91S1%
- - « - < - - O
i~ "~ - AR ]
Time s R
APPROACH
FLARL A INU TR

Propottonal azimuth angle guidance
10 +60° relative to tunway centetling
ata 13.5 He update cate (that s, data
are tenewed 135 times each second,)

Proportional missed-approach a tnmuth
°

quidance o 307 relative 1o runway

centerline at a 6. 75-Hz update rate

Proportional elevation quidance up to
30% with a 305 Hz update tate

Flare guidance up to 157 with a
405 He update rate

360° azimuth guidance with a o, /h He
vpdate rate

Missed approach or depar ture
elevation tunction with a 6 "6 H

update rate

Basic data preor 1o each angle tuncion
(ncludes tungction identitication
anport identiication . asmuth scale
tactors, and nonunal and o oumneman

selectable ghde slope!

Auxihiary data (tor example

environmental and airpsor tcondeions!
Facihity status data
Ground test signals

Available time tor other data and or

addinional tuture tunctions

At

N




TRSB OPERATES EFFECTIVELY IN
SEVERE MULTIPATH ENVIRONMENTS.
TRSE ofters several umvigue solutions 10 the
multpath problem that has limited the
implementation of other Landing systems.

THERE ARE TWO TYPES OF MULTI-
PATH. Multipath occurs when a microwave
SO s retlen texd from a surtace, such as an
WL STructure, g vehicle. and certaim types
Of terrain. The resulting refles ted beam s
classitiend as etther oat of beam multipath o
n-beam multipath, depending on its time of
arrival in the arcratt revene relative to the
drect signal,

REFLECTED SIGNALS

DIRECT PATH

OUT-OF -BEAM MULTIPATH. It the angle
and theretore the time between the retlected
and direct beam are relatively large, the
AMCratt reveiver s subyec ted to out ot boam
multipath. In this case. the TRSB processor
actomatically repncts the reflen ted signal by
Placing a time gate, as ilustrated below
around the desitexd guidance signal. This
ensures that the cotrent signal s tracked
even it the maltipath signal amplitude
momentanly exceads that ot the desired
sinal,

TIME GATING

TIME
AMPLITUDE GATE
MUL YIPATH DIRECY
SIGNAL SIGNAL
-
™

Lune gatiny ensues that the
QW sgral s tracked, not
the retiecred one

IN-BEAM MULTIPATH. When the retlec ted
and direct signals reach the arcratt almaost
simultaneously (the angle ot arrival s very
small) . multipath s smd to be o beam,
TRSB combats in-beam multipath by

[ ] Shaping the horzontal pattern ot the
elevation antenna to repxct lateral
retlections

[ ] Motion averaging, by utilizing the high
data rates of TRSB

® Processing only the leading edge ot the
Hare/elevation beam which s not
contamunated by the ground
retlec tions,

COVERAGE CONTROL IS AVAILABLE
TO ELIMINATE MULTIPATH AT
EXTREMELY SEVERE PROBLEM SITES.
Any MLS system will experience acquusition
or tracking problems in those cases where
the retlected signal 1s known (o be persistent
and greater i amplitude than the diredt
signal. A TRSRB feature called coverage
control can be implemented, at no cost, in
such cases by simply programning the Beam
Steenng Unit (BSUY. This teature pernits a
simple adjustment of the ground facility 1o
Lt the scan sector in the diection of the
obstacle and thereby prevents acquisition ot
SHoONSOUs signals

SELECTIVE COVERAGE
CONTROL

By umple (vogrammumg . the swoan
ST Can DO At ustad 1O pvevesnt
st obstac ke et tions

e e




TRSB IS A MODULAR SYSTEM WHICH
CAN BE CONFIGURED TO MATCH THE
NEEDS OF THE USER. A ot of phased
artay subsystems has been designed that may
be installed in any combimation to meet the
broad tange of user requirements

The minimum system configuration consists
of approach azimuth and elevation
subsystems. Flare, missed-approach and
range subsystems may be included or added
later. Several antenna baanmwidths are

avarlable, as indicated in the table below
from which a ground configuration can be
designed 10 provide guidance sianals in space
of unitorm quality in all arport environ
ments,

NOTE: DML s an independent subsy sten
which 1s combined with appropriate asmuath
and elevation subsystems to make up the

total guidance system,

GROUND ANGLE SUBSYSTEMS

SUB. NOMINAL COVERAGE
SYRTEN BEAMWIDTH (DEGREES) PRINCIPAL APPLICATIONS
(DEGREES) .
Azimuth 1 Up to + 0 Approach Azimuth. Long Runway's
Azimuth 2 Up to +0 Approach Aommuth, Intermediate Length Hunway s
Azimuth 3 Up to + 0 Approach Azimuth Short Runway s

tlevation Qb Up to 1H Hare

Missed Approach Asimuath

Elevation 1 Up to 30 t levation

(Severe multipath sites) **

Elevation 2 Up to 0 tlovation

{Less sovere multipath sites)**

* Covvage determined by Beam Steering Unit (BSU) tor all array s

*+ See multipath discussion

? .l,

Phasd Array Azimuath Antenna installed
at the National Aviation Facilities
t xperimental Center,  Radome is rolied
back 1o expose radiating elements,




AIRBORNE RECEIVER DESIGNS ALSO
STRESS THE MODULARITY CONCEPT.
Users need only procure what 1s necessary
tor the services desited trom any ground
facility. To obtain approach and fandinag
quidance at the fowest cost, an arrcratt needs
only an antenna and a basie receives
Processor unit operating with existing 11LS
displays. An air-transport category acraft
equipped for operation to low-weather
minimums will carry redundant equipment
and, in the future, advanced displays to tully
utilize alf of the inherent operational
capabilities provided by TRSH.

The 200-channel TRSB angle recenver
processor provides angle iformation from

the scanning beam azimuth and elevation
subsystems and decodes the auxihary data
tor display. Special monitorning ensures the
ntear ity of the receiver output.

A second airborne unit is the DME. Ttas
channeled 1o operate with the angle
receiver-processor and provides a continual

readout of distance.

Both the angle receiver-processor and the
DME provide standard outputs to existing
thaht insttuments and autopilot systems. An
optional aitborne computer would be used
10 generate curved or segmented approaches

based on TRSB position information,

AIRLINE TYPE AVIONICS

-'

GENERAL AVIATION

TYPE AVIONICS
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TRSB CAN PROVIDE ALL-WEATHER
LANDING CAPABILITY AT MANY
RUNWAYS THAT PRESENTLY DO NOT
OFFER THIS SERVICE. This s made
possiblo by

@ 1he proposed channet plan, which
contaimns enough channels tor any
toresceable unplementation

@ High system integrity and precision

® Nunimum siing requirements,

THE LARGE COVERAGE VOLUME
PROVIDES FLIGHT PATH FLEXIBILITY.
Transttion from en route navigation s
enhanced through the wide propor tional
coverage of MES Such tlexibility in
approach paths, coupled with hugh-quatity
quidance, can be used to achieve

® Improvements in tunway and arrport
artival capacity

® Better control of noise exposure neat
atrparts

® Optimied approach paths for tatute
VSTOL ancrate

@ Intercept of alide path and of runway
centethine extonded without avershoot

® | ower nunimums at certam existing
arrports by providing procise
missed- approach quidance

® Wako vortex avordance thight paths

THE TRSB SIGNAL FORMAT ENSURES
THAT EVERY AIRBORNE USER MAY
RECEIVE LANDING GUIDANCE FROM
EVERY GROUND INSTALLATION.
Compatibihity 1s ensured between facihities
serving international civil aviation and those
serving unique national requirements,

TRSB SPANS THE ENTIRE RANGE OF
APPROACH AND LANDING OPERA
TIONS FOR ALL AIRCRAFT TYPES. I he
ncludes CTOL, STOL, and VIOL aroralt
operating over g wide radqe of thaht protiles
The patticular needs oY psers, ranaging feom
genetal aviation 10 Major dir cartiers, are
accommodated. THRYE s adaptable to pecial
mulitary apphications, such as transportable
ot shipboard contiqurations on . compatible

basis with Civil systems

HIGH RELIABILITY, INTEGRITY, AND
SAFETY OF TRSB ARE ENHANCED BY
SEVERAL (MPORTANT FEATURES.

These inctude

®  Sinple THRSH recever processing

®  Mulupath immunity features on the
qround and i the airhorne recever
processor

® A comprohensive monitornng systen
that verihies the status of all sub
syatems aod the radiated signal. Statos
data are transmutted to all aircraft six
tmes cach second

®  (Coding features, such as parity and
symmetry checks, that prevent the

muxing of tanctions

TRSB PROVIDES CATEGORY 111
QUALITY GUIDANCE. 1158 wang!
oudance guality has already been proved via
demonstration of tully actomatic landimae
including rolloat, m a current commen i
transport aircraft (Boemg 737 and an

oxegutive et (North American Sabweliner )

THSB provides precision guidance for corved and
segmented approaches foe noese abatement and
tratfic sepcatioen, as well as tor autolawd and

rollout




APPENDIX B

AIRBORNE RECEIVER DATA
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