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The demonstration at Gosselies Airport , Cha rleroi , Belg ium, was held
in conjunction with the United States TRSB demonstration program, and
was the sixth in a series of operational demonstrations of several TRSB
system configurations at selected airports  in the United States and abroad.

The TRSB Small Community System was installed to service Runway 25 ,
the runway with a commissioned Ins trument Landing System. Flig ht checks
established that no mutual interference resulted.

Operational demonstrations were made ut i l iz ing FAA Boeing 727 and Convair
880 test aircraft .  Flight performance data was acquired with the Boeing 727
test a ircraf t  only. Flight profiles included approaches on centerline and
offset plus and minus I and 2 degrees at various elevation angles , and radials
at cons tant altitude on centerline and offset plus and minus 10 degrees.

Results of the operational demonstrations indicated that the peth rmance of the
TRSB Small Community a zimuth subsystem met ICAO (AWOP) “full capa bility
systemt ’ requirements. Although an accurate assessment of the elevation
subsystem performance was not possible due to lack of adequate tracking data ,
the elevation angl e deviations abou t an averaged value were well within ICAO
(A WOP) “full capability system” error  limit boundaries.
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INTRODUCTION

During the past severa l years , extensive engineering evaluation and
flight testing have been accomplished on Time Reference  Scanning
Beam (TRSB) Microwave Landing System (MLS) equi pments at the
Federal A viation A dmlnistra tion ’a (FAA) Nationa l A viat ion Facilities
Experimental Cente r (NAFEC),  At l an t ic  City, New Jersey, and at the
Auxiliary Naval Landing Field, Crows Landing, Cal ifornia . TRSB MLS
is the United States and Australian (INTERSCAN) candidate submission
to the International Civil Aviation Organisation (ICAO) as the future
all-weather landing system which would eventually replace ILS.

In March 1 7 7 , following a 15-month period of Intensive and comprehensive
assessment  of all competing microwave landing sys tems, the ICAO All
Weathe r Operations Panel (A WOP) recommended TRSB as the p r e fer r ed
c.indidate microwave 1.tnding system for int ernational adoption . This
assessment  Involved more than 100 leading international exper ts  in
microwave landing systems.

The Air  Navigation Commission (ANC)  reviewed the AWOP recommendation
and forwarded it to the ICAO Council, whe reupon the Council has s cheduled
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 ItS. In the interim, in consonance with the ICAO
Council suggestion that proposing States carry out demonstrations .tt
operational a i rports , the F A A  has developed a program to conduct
ope rational demonstrat ions of several TRSB MLS hardware conf igurat ion s
.it selected airports in the United Sta tes and abroad. (H e r e a f t e r  for
s impl ic i ty ,  ‘~TR SB MLS ” will be referred  to only .~s “TRSB . “) The
object ive of these demonstrat ions is to show that the TRSB signal fo rmat
and syatem design a re  ma ture and sat i s fy  the full range of requ i rements ,
f rom general aviation use to scheduled air  c a r r ier  oper .~tions , for Category
I to Cate gory III autoland . A further objective of these demonstrat ions
is to provide opportunities for  representat ives and of f ic ia l s  of the
internat ional  avia tion community to gain direct knowledge of TRSB and its V

applicabil i ty to their par t i cu la r  requirements .

The TRSB operational demonstration and data acquisi t ion fl ig hts ot
January 28 through February  6, 1978, at Gosselles Airpor t , Charlerol . H

V Belgium, were held in conjunction with the U. S. TRSB demonstration
prog ram at Brussel s , Belg ium. These concurrent efforts In Belgium
we re the sixth in a series of operational demonstrations at domestic
and foreign commercial a irpor ts .  Previous operational demonstrations
we re conducted at:

1. Septembe r 2 8-30,  1 Q77 Cape May, N . J. , USA

‘ t 
~V~TT~  J
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2. October 31 to November 4, 1977 Buenos Aires , Argentina

3. November 24-25 , 1977 Tegucigalpa , Hondura s

4. December 5- 13, 1977 JFK Airpor t, New York U SA

5. January 23-24, 1978 Krist iansand , Norway

The TRSB demonstrations at Gosselies Airport afforded civil and
mili tary aviation officials and technical experts from Belg ium and
othe r European countries, NA TO and the General Avia tion Community,
the opportunity to observe and participate in operational flight
demonstrations and inspection of the TRSB Small Community azimuth
and elevation subsys tems installed on the airport  sites .

Gossel ies Airport  is a small municipal airport  located 7. 4 kilometers
(4.6 miles) north of Charleroi, Belgium. The airport , which is
operated by the Bel g ian Government’s Regis Des Vois Aeriennes (RVA) ,
is served by Sabina Airlines with two daily fli ghts to and from London,
England , and Liege , Belgium, using Beech 99 a i rcraf t. It is also used
for fli ght train ing b y Sabina and local General Aviation as well as
occasional military flight t e s t  operations in connection with a f ighter
a i r c r a f t  re bu ilding fa ctory located at Cha rleroi. The airport  has a
single concrete/ asp halt runway (07/25) 2550 meters (8366 feet) long
and a parallel 500-meter (1640-feet) long grass  strip. The existing
Category I Instrument Landing System permits precision approaches
to Runway 25 which was utilized for the installation of the TRSB Small
Community System. Figure 1 shows the airport  plan view and location
of the TRSB subsystem elements with respect to Runway 25.

DISCUSSION

The TRSB Small Community System ins talled at Gosselies Airport was
manufactured by the Bendix Corporation’s Communications Division in
accordance wi th FAA spe cifications (refer to Table I). It is representative
of a simple , economical system configuration , designed to provide bette r
than Category I service on runways to 1524 meters (5000 feet).

The Small Community Sys tem, which has antenna beamwldths of 3° for
the azimuth antenna and 2° for the elevation antenna , provide s proportional
guidance to plus and minus 10 degrees about the runwa y centerl ine with
a minimum range of 20 nautical miles. Fly-left/ fly-ri ght guidance is
provoded between the plus and minus 10-degree a zimuth proportional
sector out to plus and minus 40 degrees on runwa y centerline to bring

2 H
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the approaching aircraft  into the precision guidance sector. Elevation
guidance provides selectable glide slope angles from 2 degrees to 1 5
degrees . An auxil iary data cha nnel is induded for transmission of
faci l i ty  status information to approaching aircraft .  General information
on TRSB is contained in the Appendix to thi s document.

System Ins tallation

An FAA advance team visited Gosselies Ai rpor t  on December 6, 19 77 ,
• to select sites for  installation of the TRSB azimuth and elevation

subsystems and to make the necessary  arrangements for ground service
support of the equi pment installation and scheduled operational

• demonstrations.

On January 28, 197 8, the FAA Boeing 727 test aircraft , N-40, arr ived
at Cosselies Ai rpor t  transporting the TRSB Small Community System and
supporting FAA personnel . During that day, the equipment was
unloaded from the a i rcraf t, transported to the azimuth and elevation
sites , assembled, and installed. By January 30, 1978, both azimuth
and elevation subsystems had been mechanically aligned, operationally
ground che cked and flig ht tested. Some delay was encountered in
completion of the system operational checkout due to difficulties in
es tab l i sh ing  i n t e r s i t e  si gnal synchronizat ion.  This problem which was
ca use d by a hump in the te r ra in  between the two sites , was f ina l ly
r es- ’~lved by install ing the sync antenna 12. 5 meters (41 f e e t )  above
ground level on the ILS glide slope antenna tower at the TRSB elevation
site. 

V

The TRSB azimuth subsystem was located along the extended cente r li re
30 meters (98 feet)  beyond the s top end of R unwa y 25 which placed it F
100 meters (328 feet) in front of the airport’ s ItS localizer. The
elevat ion subsys tem was located offset  79 meters (259 feet)  north of
Runway 25 centerl ine at a position 3.11 meters (1020 feet)  from the s t a r t
end of the runway.  The operational threshold for  this runwa y is displaced
410 me ters (1345 feet)  from the start  end of the runway; thereby placing
the ItS glide slope and collocated TRSB elevation subs ystem in front
of the landing threshold. Collocation of the TRSB system with the

V ai rpor t’ s ILS had no adverse affect  on the ILS performance as verified
in fli ght checks witnessed by Belg ian RVA personnel.

Deta iled information on siting of the TRSB azimu th and elevation
subsystems with respect to Runway 25 , is provided in Figure 2. Figure

V — —---  - - - V __
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shows the a zimuth subsystem installation with the airport’ s ILS
localizer In the background. Fi gure 4 shows the elevation subsystem
Installation while Figure 5 is an overaU view of the TRSB elevation
site showing the airport’s ILS glide slope in the background. Figure
6, a view down the centerline of Runway 25 taken f rom the stop end,
shows the horizon profile and obs t ruc t ions  along the centerline
approach path. Figure 7 presents details of the horizon , profile as
measured from a position near the runway edge at the TRSB elevation
site.

VrRsB Operational Demonstrations and Da ta A cquisition Flights

TRSB operational flight demonstrations in the FAA- 72 7  (Figure 8) and
CV-880 (Figure 9) test a i r c r a f t  and ground tours for inspection of the
equi pment , were conducted at Gosselies Airport  on February 1, 2 ,
and 3 , 1978. This effort , s imilar concurrent activity at Zaventem
Airpor t  near Brussels , and technical briefings/discussions held at
the Holiday Inn, Diegem supported the Brussels TRSB demonstrat ion
program. Ta bles 2 and 3 present the program’s schedule of events

V and summary statist ics, respectively. Details of the Zaven tem
V instal lat ion and operational flig ht demonstrations is contained in a

- 
V separa te  document.

V 

A total of 12 data acquisi t ion runs were flown with the B-? 27 test

V 

- 

a i r c r a f t  on February 5, 1978 . Flight de tails for both operational
demonstration and data  a cquisition activit ies are  presented in Tabl e 4.

P reva i l i ng  adverse  weather  conditions of rain , l ight  snow , and
limited vis ibi l i ty ,  made it difficul t to consistently accomplish optical
t racking of the a i r c r a f t . Figure 2 0 , which is a view of the FAA B-727
test a i r c r a f t  making an approach to Runway 25 , i l lustrates the limited
v i s i b i l i t y  conditions encountered during one period on Februa ry 5.

Ai rborne  System

The airborne TRSB system in the B-727 and CV-880 test a i r c r a f t
were similar, consist ing of dual angle receivers , course direction
indicators , and precision L-band dis tance urasur ing equipment
(DME) interroga tors . Instrumentation used for data acquisit ion was
also similar  and consisted of a data multi plexe r , dig i tal  da ta  recorde r ,
analog video recorder , s t r i p  chart recorder , time code genera tor ,
VHF te lemetry  receiver /demodulator , and a modified UHF gl ide si pe
rece ive r.  The l a t t e r  two l i s t ed  items we re requi red  to r e c e iv e  the

V V V. - V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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optical  t r acker  angle data f rom the TRSB ground sites . Although both
V t es t  a i r c r a f t  were equi pped with precision L-band DME in te r roga to r s ,

th i s  equi pment was not used In flig hts  aga ins t  the Smafl Community
System at Cosselies Ai rpor t  s ince there was no ground t ransponde r
instal led there . These in te r roga to r s  were operat ional , however , and
we re used on in t e rven ing  runs fl own against  the TRSB system at
‘a~~entem A i r p o r t .  It shoul ? be noted that precision L-band DME is

not necessar i l y a component of the TRSB Small Community System.
The in ter re la t ion  o the airborne TRSB system and ins t rumenta t ion
w ith  the a i r c r a f t ’ s f l ig ht control systems in the two a i r c r a f t  is shown
in Figure I i .

V A wide angle , plus and minus 8~ degrees , antenna mounted in the nose
sec t ion  of each a i r c r a f t  within the weathe r radome, and an omn i~ directional
antenna mounted on the fuselage of each a i r c r a f t  j u s t  above the cente r of
the cock pit windsh ie ld  (refe r to Figures 8 and 9) , were av a i l ab l e so tha t
eithe r could be a l te rna te ly  switched to eithe r of the TRSB ang le r ece ive r s
insta l led in the respective a i r c r a f t.  It should be noted , however , that
for  all the data presented  in this document , only the angle data f rom the
TRSB receiver  connected to the omni-directional antenna was ut i l ized.

Per formance  A s s e s s men t

(“round based t r ack ing  for  the TRSB demonstra t ion e f fo r t  was  provided
by two d i f f e r e n t  type s of optical  t r acke r s .  One of the t rackers  was a
manually operated rad io- te lemet ry  theodolite (RTT)  used to t r ansmi t
ei the r az i m u t h  or e levat ion  ang le position , depending upon its s i t ing  for
p ar t i c u l a r  fli ghts , to the a i r c r a f t  via a t r ansmi t t e r  operat ing on an unused
UHF glide slope channel . The othe r t r acke r  sys tem, used a 1ternate 1~’
with the R T T  to t r ack  eithe r azimuth or elevation, was au optical electronic
tr . icker  m a n u fac t u r e d  by Br i t i sh  A i r c r a f t  Corpora t ion of A u s t r a l i a ,
designed to ant  ~mati ca 1l y or manual ly  t r ack  a lig ht sourc~~~ n the a i r c r a f t .
Angula r  position data was telemetered back to the a i r c r a f t  on an avai lable
VHF frequency.

Dur ing  the fli ghts , the p ortable  t r a c ker  equi pment were positioned at
the respect ive TRSB az imuth  and elevation sites as follows : A z i m u t h
s i t e  on the antenna radiat ion center l ine  d i rec t ly below the antenna
enclosure;  at the elevation site , offse t  from the TRSB elevation antenna
enclosure toward the runway approximately 4. t’ meters (15 feet) .  For
the operational demonst ra t ion  fli ghts , the RTT tracke r was positioned at  

V
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the elevation site and the optical t racker  at the azimuth site . The
location of the two t rackers  was interchanged for the data acquisition
fli ghts . Although simul taneou s tracking of azimuth and elevation was
made during each run , tracking data from both t rackers  was seldom
obtained due to limited visibil i ty.

The azimuth and elevation analog tracker angle data received in the
a i r c r a f t  was subtracted from the TRSB azimu th and elevation data
to provide a measure of system e r ro r . In each case (azimuth and
elevat ion) ,  the angle d i f fe rence  as well as t racker  angle and TRSB
ang le were recorded on l igh t  sensitive stri p chart  recorder pa pe r on
an analog recorder . Additionall y, a i rborne  received angle da ta f rom
the optical electronic t r acke r  in di gital forma t was recorded togethe r
with TRSB di gital angle data and time code data on a digital recorde r
to fac i l i ta te  grea ter  f lexibi l i ty in data process ing and analysis at
N A F E C  as required.

A sampling of data reproduced from airb orne str i p chart  recordings ,
made during fli ghts conducted in the FAA B-727 test  a i r c r a f t  on
February 1, ~, and 5 , 1Q78 , are presented in Figures 13 through 19.
For data presentat ion, small alignment bias e r rors  have been removed.
The long itudinal axis of these plots represents  range f rom Runway 25
threshold determined f rom notations on the original s t r i p char ts  of the
a i r c r a f t  passing over the runway ’ s “outer marke r , middle marke r ,
and threshold. ” ICAO e r ro r  limit boundaries  (refe r to Ta ble 5) for

“ull capab i l i t y  sys tem ” conf igura t ion , have ’ been included on the app lica ble
Ii gu r e S.

F igures  1~~, 14, 15 . and 16 which a r e  zero degree az imu th  approa ches
on a ~~. 0 -degree  e levat ion approach  angle , show that  for  the regions of
va l id  t r a c k i n g ,  between 1 and 2 - 3/ 4  naut ica l  miles , the TRSB Small
Communi ty  a ,V im uth  subsys tem was within ICAO (AWOP) “full capabil i ty
system ” requirements. Althoug h the elevat ion subsys tem data shown
in Figures 1 ~ , 14 , and 15 appears  relatively smooth, no assessment
of the e levat ion e r r o r  could be made because elevation t r ack ing  data
was not obta ined  for  these’ runs.

Figures 17 , 18, and 1Q are azimuth radials of 10 degrees lef t  of
centerline, 10 degrees right of centerline and on cente rline respectively,
flown at  a constant altitude of 2000 feet.  There was no azimuth or elevation

6
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tracking obtained for these parti cular runs due to visibility conditions
of 3 miles and lees . For each of the three plots, the ICAO (AWOP)
er ror  limit boundary of +0. 1 degree in elevation for the “full
capability system” has been placed around a segment of the elevation
trace which represents the test a i rcraf t  cros sing through elevation
approach angles of 3. 5 and 4. 0 degrees. Review of tlTif data
indicate s that the elevation angle deviations about an averaged value
are well within the error limit boundaries. V

SUMMARY OF RESULTS

The TRSB sys tem discussed in this document is representative of
a simple , economical configuration of TRSB hardware refe r red to
as the “Small Community Sys tem. ” In addition to the economical
design feature, the information presented herein indicates:

1. Performance of the TRSI3 azimuth subsystem was within
ICAO (AWOP) “fui capa bility system” requirements.

2. Although the performance of the TRSB elevation subsys tem
could not be accurately assessed, due to the lack of adequate elevation
tracking,  the elevation angle data obtained was well within ICAO
(AWOP) “full capa bility system” error limit boundaries.

3. The TRSB sys tem can be used on the same runwa y as ILS
without adversely affecting TLS performance. . .

4. The TRSB system required minimal site preparation and
installation time.
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- TABI~I E Z

V SCHEDULJE OF EVENTS

UNITED STATES OF AMERICA
TRSB DEMONSTRATION PROGRAM

V BRUSSELS, BELGIUM

• February 1, 2, and 3, 1978

TRSB Demonstrattort  0900 1030
1100 1230

Introduction
TRSB Film
TRSB System Hardware
ICAO/AWOP MLS Program
Question s and Answers

Visi t  to TRSB Ground Facilities: V

Zaventern Airport  1045 1145
1200 1 300

Gosselies Airpor t  1430 1530

V 
TRSB Flight  Demonstrations:

CV-880 0930 1030
1045 114 S
1200 1300

13-727 0930 1030
1045 1145
1300 1400

Note: The program schedule was flexible and was adjusted to accomodate
v i s i to r s .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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~~~~~~~~~~-
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TABLE 3

SUMMARY STATISTICS

TRSB operational demonstrations at Brussels, Belgium , February 1 th roug h
Februa ry 3, 1978.

Regis tered Vis i to r s

Februa ry 1 (Press)  14
(Other) 51

February  2 (Press)  2
(Other )  54

Februa ry 3 (TV) 2
(Other)  62

Tota l 185

Flig ht Demonst ra t ions  Observers

V B-727 CV-880
V 

February  1 27 21
Feb rua ry 2 27 46
Februa ry 3 11 53

Tota l 65 120

Grand Total 185

C o un t ir e s  Represented

Belgium 8t~ Spa in 3
United States 21 Aus t r i a  2
Ital y 14 Ireland 2
France  14 Greece 2
United  King dom 1 3 Luxenbourg 2
Germany 9 Netherland s 2
Switzer land 4 Norway 2
Finlan d 4 Portugal 2
Denma rk 3

Total 185
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TABL.E 5

ICAO (AWOP) FULL AND REDUCED
CAPABILITY CONFIGURATION E R R O R  LIMITS

AWOP Distance
System to Error  Per .-iitted Er ro r  (2 Sigma)
Configu ration W indow (Feet) Feet Degrees

Reduced Capability 4, 000 ±10 0. 14
~V (Elevation) +0 . l0n o i se

±0. 10 bia s

R educed Capability 10 , 000 ±40 ±0.23
(Azimuth ) ±0. 16 noise

±0. 16 bias

Full Capability 1, 145 +2. 0 +0 . 10
(Elevation) ±0.O7 rzoise

±0. 07 bias V

Full Capability 15 , 000 +20 ±0. 076
(Azimuth)  ±0. 054 no ise

±0. 054 bia s
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TIME REFERENCE SCANNING BEAM RANGE IS COMPUTED IN THE CONVEN-
(TRSS) MLS IS AN AIR-DERIVED TIONAL MANNER. TR SB V~~~~~~~~~ 5 Ii) UW

APPROACH AND LANDING SYSTEM. An L-Band Distance Measurinn Equipment

aircraft can determine its position in space IDME) that is compatible with e~ - ‘ nq

by making two angle measurements and a navigation equipment . It prov dc-s “proved
range measurement. A simple ground-to-air accuracy and channeli,atioii cap abI t i~s.
data capability provides airport and runway The required 200 channels ce n  be ii

identification and other operational data available by assignment or shar nq i ’i i’s ist ing 
V

(such as wind speed and direction, site data, channels, using additional pulse u I I

and system status ) . plexing. The ground transponder is t-, pically

collocated w ith the approach ,i.-

FAN BEAMS PROVIDE ALL ANGLE subsystem.

GUIDANCE (APPROAC H AZIMUTH ,
ELEVATION. FLARE . AND MISSED NOTE: The DME (ranging) funition is not
APPROACH). The TASB ground transmitte r discussed in detail because it is independent
supplies angle information through precisely of angle guidance subsystems and therefore
timed scanning of its beams and requires no is not critical to the description of TRSB.
form of modulation, Beams are scanned 

V

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
I

- 
ELEVATIO N BEAM

~~~~~~~~~~~~~~~~~~~~~~~~~ :MuTH s~~~M~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

V TRS14 beams are scann~ 1 rapidiy “to” and “Ira”
Iback and forth I.’, azimuth , down and up lot

elevationl at a precise rare
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TRSB USES A TIME.SEOUENCED ThE TRSS FORMAT PROV IDES FOR
SIGNAL FORMAT FOR ANGLE AND CURRENT AND ANTICIPATED FUTURE
DATA FUNCTIONS. Angle and data REQUIREMENTS, Included are
functions (that 1L approach azimuth,
elevation, flare, missed-approach guidance, • Proportional azimuth angle guidance

V and auxiliary data) are sequentially to ±60° relative to runway centerline
transmitted by the ground station on the at a 13.5-Hz update rate (that is, data
same channel. Primary operation is C-band, are ienewed 13,51u-nes each secondi
with 300 KHz spacing between channels.
However the format is compatible with S Proportional missed-approach azimuth
Ku-Band requirements, (Note: DME is en guidance to ±40° relative to runway
independent function on a separate centerline at a 6.75-Hz uPdate rate
frequency and is not a part of this format,) • Proportional elevation guidance up to

300 with a 40,5-Hz update rate V

THE SIGNAL FORMAT IS DESIGNED TO
ALLOW A MAXIMUM DEGREE OF • Flare guida nce 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. S 360° azimuth guidance with a 6,75-Hz
— I

This flexibility is made possible by a update rate
function preamble identification message . S Missed-approach or departureThis message sets the airborne receiver to elevation (unction with a 6,75-Himeasure the angle or decode the data update ratefunction that will follow. The ordering or
timing of transmissions, therefore , is not

• Basic data prior to each angle functionimportant, This flexibility permits individual (includes function identification , V
functions to be added or deleted to meet airport identification, azimuth scale V
specific airport requirements, It also permits factors , and nominal and/or minimumany TRSB airborne receiver to operate with selectable glide slope)any ground system. The only requirements

J 
are that a minimum data rate (minimum
number of to-f ro time-difference measure- • Auxiliary data (for example ,

V I ments Per second) be maintained for each environmental and airport condit ionsl
angle function, and that these measurements
be relatively evenly distributed in time. An • Facility status data
example of two 64-millisecond sequences of V

a configuration that utilizes all avai lable S Ground test signals
functions is illustrated below,

V • Avai lable time for other data and ur

additional future functions.
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TR$B OPERATES EFFECTIVELY IN IN-BEAN MULTIPATH. When the reflected
V SEVERE MLJLTIPATH ENVIRONMENTS, and direct signals reach the aircraft almost

TRSB offers several unique solutions to the simultaneously (the angle of arrival is very
V multipath problem that has limited the small). multipath is said to be in-beam.

implementation of other landing systems. TRSB combats in’beam multipath by

THERE ARE TWO TYPES OF MULTI’ S Shaping the horizontal patti-rn of the

V 
PATH. Multipat h occurs when a microwave elevation antenna to relect lateral
signal is reflected from a surface, such as an reflections

V airport structure, a vehicle, and certain types • Motion averaging, by ut iliz ing the high
of terrain. The resulting reflected beam is data rates of TRSB
classified as either out-of’beam multipath or • Processing only the leading edge of the
in-beam multipath. 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.

cOVERAGE 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 

V

the reflected signal is known to be persistent

~~ and greater in amplitude than the direct

~~ signal. A TRSB feature called coverage
V —.. control can be implemented . at no cost , in

V ~~‘ ~~~~ ~o such cases by simply programming the Beam
Steering Unit (BSU). This feature permits a

— — _~~~~~~~~~~~!~~‘!.!~ — 
__

~~~~ ..~4( 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.OF.BEAMMULTIPATH. If the angle SELECTIVE COVERAGE
and therefore the time’ between the reflected
and direct beam are relatively large, the CONTROL

aircraft receiver is subjected to out-of-beam V

multipath. In this case , the TRSB processor
- 

V 
automatically 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 .“:.,,::~:‘ 
“ /

V even if the multipath signal amplitude :~~:
‘ :...::~~~~‘.:::: — - V

momentarily exceedt that of the desired 
~~~~~~~~~~~~~~~

signal. 

~~~~ 
“ —

TIME GATING
TIME ~~~ V

AMPLITUDE GATE

By ~jmp le programming, the scan

fl/lA sector can be ad~usted to prevent

~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 
undesired obstacle reflections 

• -

V MU LTIPATH DIRECT
SIGNAL SIGNAL

_________ 0

TIME

Time gating en,ure~ that the
correct signal is tracked , not
the reflected one
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TRSB IS A MODULAR SYSTEM WHICH available, as indicated in the table below , V

CAN BE CONFIGURED TO MATCH THE from which a ground configuration can be
NEEDS OF THE USER. A set at phased’ designed to provide guidance signals-in-space
a-ray subsystems has been designed that may of uniform quality in all airport environ-

I 
- 

be installed in any combination to meet the ments.
V broad range of user requirements,

V NOTE: DME is an independent subsystem
The minimum system configuration consists which is combined with appropriate azimuth
of approach azimuth end 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 beamwidths are

V GROUND ANGLE SUBSYSTEMS

NOMINAL COVERAGE
SYSTEM 

BEAI~~ IDTH (DEGREES) PRINCIPAL APPLICAT IONS
(DEGRE ES) •

• Azimuth 1 Lip to +60 Approach Azimuth; Long Runways

Azimuth 2 Up to t60 Approach Azimuth. lnteriiiediatv Length Runways

Azimuth 3 Up to +60 Approach Azimuth. Shor t Runways
Missed Approach A,’imuth

Elevation 0.5 Up to 15 Flare

Elevation 1 Up to 30 Elevation
(Severe multipath sites)”

Elevation 2 Up to 30 Elevation V

(Less Severe inulfipatti Sit , -s)

Covasag. determIned by Beam SteerIng UnIt (BSUI for all arrass.-. Sue multlp. th d iscuss ion ,

- ‘ Pts.,ed Array Azimuth Antenna Installed
at the National Aviation FecIlities
Espar lmental Center, Radome Ii rolled
beck to espose radiatIng elements, 

.
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AIRBORNE RECEIVER DESIGNS ALSO the scanning beam azimuth and elevation
STRESS THE MODULARITY CONCEPT. subsystems and decodes the au,~Iiary data
Users need only procure what is necessary for display. Special monitoring ensures the
for the services desired from any ground integrity of the receiver output.
facility. To obtain approach and landing
guidance at the lowest cost, 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 OME provide standard outputs to existing
utilize all of the inherent operational flight instruments and autopilot systems. An
capabilities provided by TRSB. optional airborne computer would be used V

to generate curved or segmented approaches V

The 200.channel TRSB angle receiver- based on TRSB position information.
processor provides angle information from

A IRLINE TYPE AVION ICS
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T4VI- 1
GENERAL AVIATION TYPE AVIONICS
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TRSB CAN PROVIDE ALL .WEATHER TRSB SPANS THE ENTIRE RANGE OF
LANDING CAPABILITY AT MANY APPROACH AND LANDING OPERA-
RUNWAYS THAT PRESENTLY DO NOT TIONS FOR ALL AIRCRAFT TYPES. I

OFF ER THIS SERVICE. This is tnade includes CTOL . S TOL  iV i J  V iOL V i V

possible by operat int.I •~~ ~~ - V Vii V - Vi  ioe V V I ~li 
V V V i ’ V

V The p_r r t i~ Hat , IV iV~I~ ~if .IM ’ i .i . i i~ . I

• The pr oposed channel plan, which genvial aVi it ~irr t O - _ i i~ i I i i -. aic

conrains enough channels for any accomm odated. I l~~ f~ is .id ii’t.ihi, t o V

foreseeable implementation military aPl)Iicat Ofls , such as t r iii~ tioi I_ it- ic

• H19h system inteqr iC~ jnd precision or shipboard ~ OII ’ iO(V i iI iQf)5 Oh _ i

• !¼loii ~ ~‘ siting r r’qrm irenlents. basis w ith i i i, I s~ stt - ” ,. -

THE LARGE COVERAGE VOLUME HIGH RELIABILITY . INTEGRITY , AND
PROVIDES FLIGHT PATH FLEXIB ILITY. SAFETY OF TRSB ARE ENHANCED BY
Transition from en route navigation is SEVERAL IMPORTANT FEATURES.
enhanced through the wide proportional These’ inc Iu~~
coverage of MIS. Such flecibility in
approach paths, coupled with high-quality • Simple I RSB ccc i.r - li,o~~sc~~c
guidance, can be used to achieve • Multipath immun IC f i iIiII,’~ Oil

V • • lnrpr ovr’tnents in runway and airport ground and in the i rhor lr’ t -~
,

arrival capacity processor

• Better control of no se exposure near S A comprehensive monmt.- it imhq s \ c i c~~
V

V airports that vr ’-r lies the St.Ouc o’ al l ~~h

• Opt in :ed approach paths for luturC ~~~~~~ arid tht’ ‘ad _fled S I r _f i~ I V iI~~IS

V STOL a i r c r a f t  data are transm itted ~o ,ill ,i~ , ~V i~ ir t

• Intercept ~~t glide path and o~ uns~a~ 
t inCs each sr ’i o r 1 .

centerline extended wit hout overshoo t • ~ ~
Vi~Vf f l ~~~ f ea tur eS , such as p,i’ is V i~~~~

• Lo~~ r minimums at certain c-sitt ing symmetr s checks , that pIr~~ c i ’ ’.

a rports by providing preci se ni -sing Of t uri~ t oils V

missed-approach ou dance
V • iO\V~~ ,t~ vo’te~ avoidance ! I V ~ ht  paths. TRSB PROVIDES CATEGORY-Ill

V QUALITY GUIDANCE. T~~~~~p~~~~ 1 1 V

m~u dance ~~iIi i ty has .il r , iif’~ I er - i  pr ~~
THE TRSB SIGNAL FORMAT ENSURES demonstrat ion ot f ul ls .i i l i r \iI c I,iii j iIS
THAT EVERY AIRBORNE USER MAY inCludInQ rollout ‘I’ a cii r i  ii i O V V ~~i, V V ,1

V

RECEIVE LANDING GUIDANCE FROM transport ,i rc ,i?t Fl-r u t  ~~~~ i ’ 1  .irr
EVERY GROUND INSTALLATION. Csr ’ciit :~ c et No r th  A--ic- ca” S it’- c
Compatibility is ensured between faciliti es V

serving international cis il aviation and those
sersing uniQue national requirements.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ENT ED& cUR VEDFL IGHT PATHS

~~~~~~~~~~~ ll ~~~

1RSB provides precision guidance ~~‘r carved and
-~e~ p~~~ cPhes • o’ noise abatement ~n’,ii

•‘~‘ ,ç wren ,, V~Vn V as “ i’ ’  V hS 0! l i J tV l~~ 1 V USI
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