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The operational demonstration at Embaka si International Airport a~rving Nairobi ,
Kenya , was the ninth in a serie s of TP.SB worldwi de demonst rations. Previous
demonstration s of the TRSL “Small Community Sys tem, ” the most economical
TRSB configuration , were held at five othe r sites in the Unite d States, Central
America , Europe , and West Afri ca.

The system was flown to Nairobi in an FAA BoeIng 727 testbed aircraft and
installed on the same runway as a commissioned ItS. Data acquisition and
operational demonstration fl ights were flown with the FAA B-727 aircraft over a

• period of 5 day. (February 20-24, 1978). During the flights, a radio telemetry
theodolite and an optical electr onic tracker were used for aircraft space-position
data. Flight profiles included stralght ..ln approache. at various elevation angles.
level runs at 1500-feet altitude on centerline, and fl O-degrees offsets, and 10-
nautical mile partial orbi ts at 3500-feet alti tude. ‘~Z~ —

Results of the flight tests Indicate that the perform&nce of the TRSB “Small
Community System” was within the U.S. Phase UI Program design requiremánt s,
the ICAO “reduced capability system” requirements, and the ICAO “full capability
system” requirements. The TRSB system installation did not adve rsely affect
the us.
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IN TRODUCTION

During the past several years , extensive engineering evaluation and fli ght
testing has been accomplished on Time Reference Scanning Beam (TRSB)
Microwave Landing System (MLS) equipments at the Federal Aviation
Administration’s (FAA) National Aviation Facilities Experimental Center
(NAFEC), Atlantic City, New Jersey, and at the Auxiliary Naval Landing
Field, Crows Landing, California. TRSB MLS is the United States and
Australian (IN TER SCAN) candidate submission to ICAO as the future
all-weather landing system which would eventually replace ILS.

• In Ma rch 1977, following a 15-month period of intensive and comprehensive
assessment of all competing microwave landing systems, the ICAO AU
Weather Operations Panel (AWOP) re commended TRSB as the preferred
candidate system for international adoption . This assessment Involved
more than 100 leading international experts in microwave landing systems.

The Air Navigation Commission (A NC) reviewed the AWOP recommendation
and forwarded it to the ICAO Council, whereupon the Council has scheduled
a worldwide meeting for April 1978, to address the question of selecting the
new international standard for an approach and landing system to eventually
replace ILS. 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 tha t the TRSB
signal format and system design are mature and satisf y the full range of
requirements from general aviation use to scheduled air carrier operations
for Cate gory I to Category III autoland. Additionally, these demonstrations
provide opportunities for representatives and officials of the inte rnational

• aviation community to gain first hand knowledge of TRSB MI-IS and its
applicability to their particular requirements.

Nairobi, Kenya was the ninth In a series of operational demonstrations.
The previous eight are as follows:

September 28-30, 1977 Cape May, N.J. , USA
October 31 to November 4, 1977 Buenos Aires , Argentina
November 24-25, 1977 Tegucigalpa, Honduras

1
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December 5-13, 1977 JFK, New York , USA
January 23-24, 1978 Kristiansand , Norway
February 1-3 , 1978 Brussels , Belgium
February 1-3, 1978 Charleroi , Belgium
February 14-15, 1978 Dakar , Senegal

Embakasi International Airport, the largest of three airports serving
Nairobi, the capital city of Kenya , has one runway (06/24), 4117 meters

• (1 3, 507 feet) long by 45 meters (148 feet) wide. The other two airports
are Wilson Aerodrorne (general aviation) and Eastleigh Aerodrome
(military).

A plan view of Embakasi International Airport is shown in Figure 1.
Runway 06 is equipped for Category I service with approach lights , an
ILS (including outer 2nd middle marker beacons), and a VOR -DME-NDB.
A new control tower and terminal building south of the runway are scheduled
to open for operations on March 14, 1978. The general topology in the
vicini ty of the airport is relatively flat, especially the approach area to
Runway 06 which extends into Nairobi National Park. A view of the approach
area from the Runway 06 landing threshold is shown in Figure 2.

About 25 airl ines (national and international) serve Embakasi Airport with
aircraf t ranging in size from DC-10 and B-747 wide-bodied jets to a DH-6
twin otter. Airline flights are scheduled for daylight and nighttime hours
with the air traffic tower operating on a 24-hour basis.

DISCUSSION

The TRSB system configuration selected for installation in Nairobi was the
“Small Community System ” which had previously been demons trated at f ive
other sites in the United States , Central America , Europe , and West Africa .
This equipment was manufactured by the Bendix Corporation t s Communica-
tions Division, in accordance with FAA specifications (Table 1). It is
representative of the most economical system configuration, and was designed
to provide azimuth proportional guidance over an area of plus and minus
10 degrees about runway centerline, with directional guidance (I. e., fly
left or right fro m 10 degrees out to 40 degrees on eithe r side of the runway
centerline similar to an ILS localizer). The elevation proportional guidance
extends from 2 degrees to 15 degrees . System coverage distance Is at
least 20 nautical miles under heavy rain condItions , and much greater urAer
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less stringent environmental conditions. Basically, the small community
TRSB was designed to provide Category I service on most runways in
most airport environments. Guidance quality, however , has been shown
to be considerably better than Cate gory I ILS requirements and will
support autoland operations. Descriptive information on TRSB is presented
in the A ppendix to this document.

Site Selection
0

A three-man team from the FAA was in Nairobi, January 11 to 14, 1978,
to conduct initial discussions and perform a survey of prospective equip-
ment sites. A site survey of the airport did not reveal any peculiar
geographical conditions and it was decided to use the same runway as the
ILS because of prevailing wind condition s. The approach plate is shown
in Figure 3.

The azimuth subsystem was placed as far away from the ILS localizer
(toward the runway) as obstruction criteria would allow, and the elevation
subsystem was placed alongside the ILS glide slope antenna. Exact site
locations are shown in Figure 4. Although the terrain is generaUy flat
in the airport vicinity, the runway has a downslope from the landing
threshold to the stop end. An elevation profile of Runway 06/24 is shown
in Figure 5, and a view from the azimuth site toward the runway is shown
in Figure 6.

System Ins tallation

The TRSB “Small Community System” ar r ived by air in the FAA Boeing 727
aircraft (N-40) at midnight on February 17, 1978 (Figure 7). Equipment
unloading commenced on February 19, 1978, afte r the flight and ground
crew bad 1-day’s rest. The elevation equipment (Figure 8) was ins talled
the same day. Metal platforms (used at previous sites) were used as
mounting foundations instead of concrete because of time limitations.
The monitor masts were also mounted on aluminum platforms. The
installation process is shown In Figure 9.

On February 20, 1978, a flight inspection was performed with the FAA
aircraft on the ILS localizer before the azimuth subsystem was installed.
Kenya officials from the Directorate of Civil Aviation were on board the
aircraft for the test. After the initial flight , the azimuth equipment was

3
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ins talled (Figure 10) and the fli ght inspection was repeated. No
degradation of the localize r course stru...ture was caused by the
azimuth equipment, and the course width was slightly broadened
(by less than 0. 2 de grees). Flight recordings of the ILS localizer
course structure without and with the TRSB azimuth equipment in
place are shown in Figure 11. The a zimuth and elevation systems
we re aligned on February 21, 1978.

Airborne System

The B-727 airborne TRSB system consisted of the following dual
equipment: angle receiver , course direction indicators , and pre cision
DME interrogators. Instrumentation required for data acquisition
consisted of a data multiplexer , digital data recorder , analog video
recorde r, s trip char t recorder , time code genera tor , VHF teleme try
receiver /demodulator , and a modified UHF glide slope eceiver, The
interrelation of the airborne TRSB system with the B-727 flig ht contro l
system, is shown in Figure 12, while the data instrumentation system
is depicted in Figure 13.

An omni-dir ectional antenna is mounted on the aircraf t  fuselage just
above the center of the cockpit windshield (Figure 7) and was utilized
for all operational and data acquisition flights .

Perfo rmance Assessment

Ground based tracking for the TRSB demonstrations was provided by
two different types of optical trackers used interchangeabl y a t azimuth
and elevation site s as requirements dictated. Simultaneous tracking
of azimuth and elevation was ga~erally provided for all flights except
during the demonstrations . One of the trackers was a manually operated
radio-telemetry theodolite (R TT), used to transmit azimuth or elevation
angle position data (depending upon its siting for the flight) to the air-
craft via a transmitter operating on an unused UHF glideslope channel
(329. 0 MHz). The second tracking system was an optical electronic
tracker manufactured by British Aircraft  Corporation of Australia,
designed to automatically or manually track a light source on the air-
craft. However , the nose-wheel light used as the light source was
inadequate for the tracker to operate in the automatic mode, and all
tracking was done manually. Angular position data was telemetered
to the aircraft  on a frequency of 126. 25 MHz.

• •
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During data acquisition flights , the portable tracke r equipment were
positioned at the respective TRSB azimuth and elevation site s as follows:
Azimuth site on the antenna(s ) radiation centerline and 36. 6 meters (120
feet) in front of the antenna phase center (to clear the monitor antenna);
a t the elevation site directl y alongside the elevation antenna 2. 82 meters
(9. 25 feet) closer to the runway. The RTT tracker optical center was
0. 69 meters (2. 25 feet) below the phase center of the elevation antenna .
Because of RTT tr acker signal problems inside the middle marker when
used at the azimuth site , the RTT tracker was used primarily for elevation
tracking while the optical electronic tracker was used primarily for azimuth
tracking. All of the demonstration flights were tracked by the RTT because
the optical electronic tracker was not available.

In the aircraft , the received analog tracker angle data , arimuth and
elevation, was subtracted from the TRSB azimuth and elevation angl e data
to p rovide a measure of system error. In each case (azimuth and elevation),
the angle difference a~ well as tracker angle and TRSB angle were reco ’ded
on li ght sensitive strip chart recorder paper on an analog recorder.
Additionally, airborne received angle da ta from the opfical electronic
tracker in digital format was recorded with TRSB digital angle da ta, DME
data , and time code data on a digital recorder to~~ciitate greate r flexibility
in data processing and analysis at NAFEC as required.

Figures 14, 15, 16 and 17 are copies of airborne strip chart recordings
for four run s from February 21 , 1978. Each of these figures contains a
reproduced trace of tracke r angle, TRSB receiver angle, and error between
the two, for the elevation and azimuth axe s. In the error plots , small
alignment bias errors have been removed. The longitudinal axis of these
plots represents range from Runwa y 06 threshold determined from the
field DME which is located behind the a zimuth site (3. Znm from Runway 06
threshold). ICAO (AWOP) total error limits for the “ful l capability system”
(Table 2) have been included on the fi gures.

Referr ing to Figures 14 through 17, it is apparent that the TRSB Small
Community System errors are within the ICAO (AWOP) error limits of
± 0. 1 degree in elevation and ± 0. 076 degree in azimuth for the “full
capability system.”

• 

- 

System coverage was checked during clockwise (CW) and counterclockwise
(CCW) 10-nautical mile partial orbits flown at 1070 meters (3500 feet)
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al titude. The reference angles were obtained from the field VOR and
transla ted to the respective a zimuth or elevation site . System flags
indica ted valid data beyond ± 45 degrees for  azimuth and ± 70 degrees
for elevation.

Operational Demonstrations

The TRSB operational demonstration briefings and flig hts were hel d on
February 23 and 24, 197 8, with 118 reg istered attendees . AFRAA
official s, representatives from four countries , eight airlines , and news
media per sonnel, were in attendance. One-hundred attendees flew on
the seven demonstration flights .

The FAA Boeing 727 aircraft was used for the demonstration flights .
Each demons tration flight consisted of three approaches initiated from
10 nau tical miles at elevation angles of 3, 3. 5, and 4 degrees . The
4-degree approach was auto-coupled and generally flown in the coupled
mode to below 50 feet altitude before the auto~ pilot was disen gaged.
Standard procedure is to disengage the auto-pilot at 200 feet altitude
when ILS guidance is employed. There was no filtering of the TRSB
receiver output angle data before it was fed to the auto-pilot. The 3
and 3. 5 - degree approache s were flown manually, with the 3-degree
approach terminating in a full -stop landing. The demonstration
approache s were tracked in onl y one axis. A typical tracked approach
is shown in Figure 18.

On February 25 , 1978, the day following the final demonstration, the
TRSB system was dismantled and loaded on the aircraft .

SUMMARY OF RESULIS

The TRSB system discussed in this document is representative of a
simple, economical configuration of TRSB hardware referred to as a
“Small Community System” within the FAA. In addition to the
economical design feature , the information presented indicates:

1. Performance of the TRSB system was within ICAO “reduced
capa bility system” requirements and the “full capability system”
requirements.

2. The TRSB “Small Community Sys tem” was demonstrated to
mee t its design specifications.6



3. The TRSB system can be used on the same runway as ILS
without adversely affecting ILS performance.

4. The TRSB system required minimal site preparation and
installation time.

-

~~
--

.

- S  - •— - ~~~-- - -S— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~



U)
~~~U)

~~4: . O
x ~~ . %.n 0

—
~~~ 0 0

• 0 0
I._ o  _ .

z .~~ V

2 ~~ E
4: ~~~~. ~~ -~~~.a’ a’0 .

~~~~~ o .  0 00 ..

a’ a’— I’ I.
09 N U’~ 0 0 2 ’~ ~~ 2 2~~ ~~ 2 •

~~~0 0 — — z — • 4 4
• . . ~~~V V .

Cs, ~~E •E~~ ~~E
00 Z~~ ~~~~~~~~ Z~~ ~~ i0z

~~o 
_ _ _ _ _ _ _ _ _ _ _ _

~~
&‘ V r ~ VU) -~~~~~ U’ “z ~ 0 0

o~~ 0 ~~2
• — m — ,~ U U

• . .

— _ _ _  — 0
Q $

.~~~~~
>.4 Z ~~~ I4

— • ;
~ 0 •—

~~~~ 0
4: ‘~~~~~~ V Z ~~~~~~~ V

0~~ Ii$o ~~~ _______________Cs) 0~~ 0’ N

4: 0 0 — —~
4’
d — z

E-’ 0 0  0 0 0U 
~~~~~~

4: ).._
— _ 4 —

n
_ _  _ _  z z .-~~~~ ‘-~~~~~~~ .-~~~~

0 Q ~s, 0
(.1 Cl)

0. 0.
U) U) Cl, Cl)

_ _  — _ _  — 0 -~~Z )
N .~ N

• E E
_ _ _  _ _ _  

3 I, V
_ _ _  _ _ _  N — N —2 ~ “

~~E
4 0

3 Z U
— E  —•~~ — p• —

5 4E o  E

B

• -

A
L -~ ~-~~~ - -— -~ — — ___________________________________________



•-
~~~~~~~~

-—
~
--

~~
-- ~~~~~~~~~~~~~~ —---—-- --~--- --~

TABLE 2
ICAO (AWOP) FULL AND REDUCED

CA PABILITY CONFIG URATION ERROR LIMITS

AWOP Distance
System to Error Permitted Error (2 Sigma)
Configuration Window (Feet) Feet Degrees

O Reduced Capability 4, 000 ± 10 0. 14
(Elevation) ± 0. 10 noise

± 0. 10 bias

R educed Capability 10, 000 ± 40 ± 0. 23
(A zimuth 

~ 
0.16 noise

+ 0. 16 bias

Full Capability 1, 145 + 2 .0  ± 0.10
(Elevation) ± 0. 07 noise

±0 . 07 bias

Full Capability 15 ,000 ±2 0  ±0. 076
(A zimuth) ± 0. 054 noise

± 0. 054 bias
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MICROWAVE LANDING SYSTEM (MLS)
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MIS ~Mucrowa v~ Landing System~ :: - - 
-

A NEW APPROACH AND LANDING • 
- .

SYSTEM IS NEEDED THAT - • - -
PROVIDES VO LUMETRIC COVE RAG E
FOR FLEXIBLE PATHS IN - -

APPROACH. LANDING . AND DEPARTURE .
AND HAS THE ADVANTAGES INHERENT
WITH OPERATING At MICROWAVE FREOUENCIES
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TIME REFERENCE SCANNING BEAM RANGE IS COMPUTED IN THE CONVEN-
(TAll) ML$ IS AN AIR-DERIVED TIONAL MANNER. TRSB ~- - . poses to use
APPROACH AND LAN DING SYSTEM. An L-Band Distance Measurinq Equipment
aIrcraft can determine its position in~ pace (OME) that is compatible with pu - • - rug
by making two angle measurements and a navigation equipment. It prov deS - proved
range measurement. A simple ground-to-air accuracy and channeliiation capabul t ips.
data capability provides airport and runway The reQuired 200 channels can be made
identification and other operational data available by assip’ment or sharing of existing
(such as wind speed and direction, site data, channels, using additional pulse mult i-
and system status). plexing. The groi.nd transponder is typically

col located w ith the app’oach azimuth
FAN BEAMS PROVIDE ALL ANGLE subsystem ,
GUIDANCE (APPROACH AZIMUTH .
ELEVATION. FLA R E. AND MISSED NOTE: The DME (ranging) function is not
APPROACH). The TRSB ground transmitter discussed in detail because it is independent
supplies angle information th rough precisely of angle guidance subsystem and therefore
timed scanning of its beams and requires no Is not ciltical to the description of TRSB.form of modulation. Beams are scanned
rapidly “ to ” and “fro” throughout the
coverage volume as shown below. In each
complete scan cycle, two pulses are received
in the aircraft—one in the “to” scan , the
other in the “fro” scan. The aircraft receiver
derives its position angle directly from the
measurement of the time difference between
these two pulses. 

• 

•

SCANNING BEAM CONCEPT

- • • 
ELEVATION BEAM

~~~~~~~~~~~~~~~~~~~~~~~~~~~
IMUTH B

~~~
M

n~~~~~ ~

11111

~~~~~~~~
A.

(beck and forth for azimuth , down and up for
• 

4 

TRSB besms are ucenned ‘ao-dIy “to” arx~ “4 no”
• • elevatlonI ci a precIse rate
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• TRIG USES A TIME4E~ .JENCED THE TASS FORMAT PROVIDES FOR
SIGNAL FORMAT FOR ANGLE AND WRRE NT AND ANTICIPATED FUTURE

• DATA FUNCTIORL Angle and data M~~NREMINT$. Included we
functions (that is, ap~wo.ch azimuth,’
elevation, flare, missed-approach guidance, • Proportional azimuth angle guidance
and a~xiIiary data) are sequentially to *øOe relative to runway centerline
transmitted by theground station on the at. 13.5-Hz update rate (that is, data
same channel. Primery operation is C-band, are renewed 13.5 times each second.)
with 300 KHz spacing between channels, • • -
However the format is compatible with • Proportional misasd-.pproach azimuth
Ku-Band requirements. (Note: DYE is an guidance to *40 relative to runway
independent function on a separate centerline at a 6.75-Hz update rate 

-

- 
- frequency end is not a part of this format.) • Proportion~ elevation guidance up to

3()il with a 40,5-Hz update rate
THE SIGNAL FORMAT IS DESIGNED TO
ALLOW A MAXIMUM DEGREE OF • Flare guidance up to 15’ with a
FLEXIBILITY. Functions can be trans- 40.5-Hz update rate

• mitted in any order or combination to meet
the unique operational needs of each site. • 360’ azimuth guidance with a 6.75-Hz
This flexibility is made possible by a ~~~te rate
function preemble identification message. - • M~~~~-~~~r~~~ or departure
This message sets the airborne receiver to 

~~~at mon function with a 6.75-Hz
meseure the angle or decode the data update ratefunction that will follow. The ordering or
timing of transmissions, therefore, is not . ~~~~~ daI • each f -

Important. This flexibility permits individual ~ to angle unction
functions to be added or deleted to meet nc 

• 
unction I ti ication,

specific airport requirements: It also permits airport idsntification, azimuth scale
any TR SB airborne receiver to operate with ors, nominal and/or rtanimum
any ground system. Th. only requirements e ~ i OPen

are that a minimum data rate (minimum
number of to-fro time-difference measure- • Auxiliary data (for example,
ments per second) be maintained for each environmental and airport conditional
angle function, and that these measurements
be relatively evenly distributed in time. An • Facility status data
example of two ff4-millisecond sequences of
a configuration that utilizes all available • Ground test signals
functions is illustrated below.

• Available t ime for other data and/or
additional future functions.

llI~i I’ hi ti di ~i1Ii!1lIid i’ 1~ lih h l
‘%

1e _
~~~~~~

_ __ .

7f
1
/
1 

Tee eei b

APPROACH

- :

TIu~ TRSB signel offv, maximum I iev~~ii ityto Inset unique uer requIrements
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TRIG OPERATEs EFFECTIVELY IN IN SEAM MULTIPATH. When the reflected
SEVERE MULTIPATH ENVIRONMENTs, and direct signals reach the aircraft almost
TRSØ offers several unique solutions to the simultaneously (the angle of arrival is very
multipatlt problem that has limited the antall), multipath is said to be in-beam,
implementation of other landing systems. TRSB combats in-beam multipath by

THERE ARE TWO TYPES OF MU LTI’ • Sheping the horizontal pattern of the
PATh. Multipath occurs when a microwave elevation antenna to reject lateral
signal is reflected from a surface, such as an reflections
airport structure, a vehicle, and certain types • Motion averaging, by utilizing the highof terrain. The resulting reflected beam is data rates of TRSB
daisified as either out~of.beem multipath or • Processing only the leading edge of the
in-beam rnultipath, depending on its time of - flare/elevation beam, which is not
arrival in the aircraft receiver relative to the contaminated by the ground
direct signal. - reflections.

COVERAG E CONTROL IS AVAILABLE
REFLECTED SIGNALS TO ELIMINATE MULTIPATH AT

EXTREMELY SEVERE PROBLEM SITES.
Any MLS system will experience acquisition/ or tracking problems in those cases where

* 
the reflected signal is known to be persistent

0 and greater in amplitude than the direct
4 signal.ATR S8 feature called coverage

-., control can be implemented , at no cost, in
“ ~~r such cases by simply programming the Beam

Steering Unit (BSU). This feature permits a
— — 

_
~ f~E~!~’I!! — J~ simple adjustment of the ground facility to

limit the scan sector in the direction of the
obstacle and thereby prevents acquisition of
erroneous signals.

OUT-OF4EAM MUI.TIPATH. If the angle SELECTIVE COVERAG Eand therefore the time between the reflected
and direct beam are relatively large, the CONTROL
aircraft receiver is subjected to nut’of-beam
multipntn. In this case, the TRSS processor
ajtomatically rejects the reflected signal by
placing a time gate, as illustrated below,
around the desired guidance signal. This
ensures that the correct signal is tracked -

~ ,.~:.:- 
‘

even if the multipath signal amplitude :~f -. .::!tS::’~.:: —momentarily exceeds that of the desired

TIME GATING

AMPLiTUDE GATE

By simple croçarmilng, the son(1/A sector on he adMtid to owsent

MULTIPATH DIRECT
• SIGNAL SIGNAL

TiME

Tim. ~ ting eniurs~ thet the
correct iigneI Is Irackel , not
thi f~~~~~ one
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TRSB IS A MODULAR SYSTEM WHICH available, as indicated in the table below,
CAN SE CONFIGURED TO MATCH THE from which a ground configuration can be
NEEDS OF ThE USER. A set of phased- designed to provide guidance signals-in-spece
array subsystems has been designed that may of uniform quality in all airport environ-
be installed in any combination to meet the merits,
broad range of user requirements.

NOTE : DME is an independent subsystem
The minimum syssem configuration consists which is combined with appropriate azimuth
of approach azimuth and elevation and elevation subsystems to make up the
subsystems. Flare, missed-approach, and total guidance system.
range subsystems may be included or added
later. Several antenna ~aomwidths we

GROUND ANGLE SUBSYSTEMS

SUB- NOMINA L COVERAGE
SYSTEM BEA~~~IDTh (DEGREES) PRINCIPAL APPLICATION S

(DEGREES ) •

Azimuth 1 Up to +60 Approach Azimuth; Long Runways

Azimuth 2 Up to t60 Approach Azimuth; Intermediate Length Runways

Azimuth 3 up to t60 Approach Azimuth; Short Runways
M issed Approach Azimuth

Elevation 0.5 Up to 15 Flare

Elevation I Up to 30 Elevation
(Severe multipath sites)’

Elevat ion 2 Up to 30 Elevation
( Less severe multipath sites)~~

• Coverage determined by Beam SteerIng Unit IBSU) for all erreyL
~ S.c mult lpet h discussion.

Pheaed Array Azimuth Antenna m etalled
et the Natlonel Aviation FacIlItIes
Experimentel Center. Fiadome Is rolled
beck to expose radiating elements,

A-5 
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AIR BORNE RECEIVE R DESIGNS ALSO the scanning beam azimuth and elevation
STRESS THE MODULARITY CONCEPT. subsystems and decodes the auxiliary data
Users need only procure what is necessary for display. Special monitoring ensures the
for the services desired from any ground integr ity of the receiver output.
facility. To obtain approach and landing
guidance at the lowest coat, an aircraft needs A second airborne unit is the OME. It is
only an antenna and a basic receiver- channeled to operate with the angle
processor unit operating with existing ILS receiver-processor and provides a continual
displays. An air-transport category aircraft readout of distance, 

•equipped for operation to low-weather
minimums will carry redundant equipment Both the angle receiver-processor and the
and, in the future, advanced displays to fully DME provide standard outputs to existi ng Jutilize all of the inherent operational flight instruments and autopilot systems. An
capabilities provided by TRSB. optional airborne computer would be used

to generate curved or segmented approaches
The 200-channel TRSB angle receiver- based on TRSB position information.
processor provides angle information from

AIRLINE TYPE AVIONICS

GENERAL AVIATION TYPE AVIONICS

A-6 
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TRS$ CAN PROVIDE ALL-WEATHER TRIB SPANS THE ENTIRE RANGE OF
LANDING CAPABILITY AT MANY APPROACH AND LANDING OPERA-
RUNWAYS THAT PRESENTLY DO NOT TIONS FOR ALL AIRCRAFT TYPES. This
OFFER THIS SERVICE. This is made includes CTOL, STOL , and VTOL aircraft
possible by operating over a wide range of flight profiles.

The particular needs of users, ranging from
• The proposed channel plan, which general aviation to major air carriers, are

contains enough channels for any accommodated. TRSB is adaptable to special
foreseeable implementation military applications, such as transportable

• High system integrity and precision or shipboard configurations on a compatible
• Minimum siting requirements. basis with civil systems.

THE LARGE COVERAGE VOLUME HIGH RELIABILITY , INTEGRITY , AND
PROVIDES F LIGHT PATH FLEXIBILITY. SAFETY OF TRSB ARE ENHAN CED BY
Transition from en route navigation is SEVERAL IMPORTANT FEATURE S.
enhanced through the wide proportional These include
coverage of MLS. Such flexibility in
approach path s , coupled with high’guality • Simple TRSB receiver processing
guidance, can be used to achieve • Multipath immunity features on the
• Improve ments in runway and airport ground and in the airborne receiver-

arrival capacity processor

• Better control of noise exposure near • A comprehensive monitoring system
that verifies the status of all sub-airports

• Optimized approach paths for future systems and the radiated signal. Status
data are transmitted to all aircraft sixV/STOL aircraft

• Intercept of glide path and of runway times each second.
centerline extended without overshoot 

S Coding features , such as parity and
• Lower minimums at certain existitig symmetry checks, that prevent the

airports by providing precise mixing of functions.
missed-approach guidance

TRSB PROVIDE S CATEGORY-Ill• Wake vortex avoidance flight paths. QUALITY GUIDANCE. TRSB signal
guidance quality has already been proved via

THE TRSB SIGNAL FORMAT ENSURES demonstration of fu lly automatic landinga,
THAT EVERY AIRBORNE USER MAY including rollout. in a current commercial
RECEIVE LANDING GUIDANCE F R OM transport aircraft (Boeing 737) and an
EVERY GROUND INSTALLATION, executive jet (North American Sabreliner).
Compatibility is ensured between facilities
serving international civil aviation and those
serving unique national requirements.

~~~~~~~~~~~~~~~~~~~~~~~~~~ENTE o a cupvso F UG HS

TRSB provides precision guidance for curved and
sugmerned eneroeche, For noise abatement and -
t reff ic supsi- ation, as well as for eutolanil and
rollOut
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