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INTRODUCTION

During the past several years , extensive eng ineering evaluation and flig ht
tes t ing  has been accomplished on Time Reference Scanning Beam (TRSB)
Microwave Landing System (MLS ) equipments at the Federal Aviation
Admin i s t r a t ion’s ( FAA) National Aviation Facili t ies Experimenta l Center
(NAFEC),  Atlantic  C ity, New Je r sey ,  and at the Auxil iary Naval Landing
Field , C rows Landing, California.  TRSB MLS is the United States and
A u s t r a l i a n  (INTERSCAN) candidate submission to the Inte rnational Civil
Aviat ion Organ ization (ICAO) as th~ fu ture  al l-weather landing system
which  would replace ILS.

In M a r c h  1977 , following a 15-month period of intensive and comprehensive
as se s smen t  of all competin g mic rowave land ing systems, the ICAO All
W e a t h e r  Operat ion s Panel (AWOP) recommended TRSB as the p r e fe r red
candidate microwave landin g system for  international adoption. This
a s ses smen t  involved more than 100 leadin g international experts  in micro -
wave landing sys tems.

The A i r  Naviga t ion  Commission (ANC) reviewed the AWOP recomrnenda-
tion and forwa rded it to the ICAO Council , whereupon the Council has
scheduled a wo rldwide meeting for Apr i l  1978 , to address  the question of
select in g the new inte rnational standard f o r  an approach and landin g
sys tem to eventually rep lace ILS. In the interim , in consonance with the
ICAO Counci l  sugges t ion  that propo s in g States car ry  out system demonstra-
tion s at  operat ional  a i r p o r t s , the FAA has developed a program to
demons t ra te  several TRSB MLS hardware conf igurat ions  at selected a i rpor ts
in the U n i t e d  States and abroad . (Hereaf te r  in this document for  simplicity ,
“TRSB MLS’ will be re fer red  to only as “TRSB. ”) The objective of these
demonst ra t ions  is to show that the TRSB signal forma t and system design
are  ma tu re  and sa t i s f y the full range of requi rements, f rom general
aviation use to scheduled a i r  ca r r i e r  operations , for Catetory I to Category
III autoland . A f u r t h e r  objective of these demonstrat ions is to provide
oppor tun i t i e s  for  represen ta t ives  and offic ials of the international aviation

• communi ty  to gain d i r ec t  knowled ge of TRSB and assess  its applicability
to t h e i r  particula r requirements .

On February  1, Z , and 3, 1978 , at Zaventem Inte rnational Ai rpor t , Brusse l s ,
Belgium, the s ixth in this series of operational flight demonstrations of
TRSB was accomplished . Previous operational demonstrat ions were
conducted:
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1. September 28-30 , 1977 Cape May, N .J.,  USA

2. October 31 to November 4, 1977 Buenos Aires, Argentina

3. Novembe r 24-25 , 1977 Tegucigalpa , Honduras

4. December 5-13 , 1977 JFK Airport , New York , USA

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

As in previous effor ts , the TRSB demonstrations at Zaventem Ai rpor t
afforded area  aviation officials  and technical experts  the opportunity to
observe and p ar t i c ipat e  in presentations, ground system site tours , and
actual flig hts in a TRSB-equipped a i rcraf t . For the purpose of these
demonstrat ions, Runway 07L was equipped with the TRSB Basic Wide
System. Demonstration flights included straight-in approach paths , curved
approaches and automatic landings as examples of a i rpor t  arr ival  flig ht
patterns that  may be required n the near future . In addition , fixed radials
and p ar t i a l  orbi ts  were flown within the approach range of the a i r por t  for
checkin g performance of the TRSB. Concurrently,  the Small Community
TRSB was installed and operated at Gosselie s Airpor t , Charleroi, Bel g ium.
Fli ght demonstrations included the TRSB systems at both a i rpor ts . A
separate document provides the deta ils of the installation and demonstrations
at Cha rle ro i .

DISCUSSION

Zaventem Airpor t , situated 8 kilometers (5 miles) northeast  of Brusse ls ,
Belg ium , is a large national airport  operated under control of the Belgian
Government’s Reg ie des Voies Aeriennes (RVA) (see Figure 1). As the
pr inc ipal  airport  of Belg ium , it is the focal point for international air
t ra f f i c , including many commercial airline and considerable general
aviation a i r c ra f t . It is also shared with the milita ry. It has three major
runways, the longest of which exceeds 3638 meters  (11 , 933 feet) and was
equipped with the TRSB approach and landing system dur ing the period of
its demonstrat ion.

The TRSB equipment demonstrated at Zaventem National Airpor t  was the
Phased Ar ray  Basic Wide Testbed manufactured by the Bendix Corporation 1 s
Communicat ions Division in accordance with FAA specification s which are
compa rable to the ICAO (AWO P) ~fufl capability system~ requirements.
This system design is intended for use in large , heavily traff icked airports.
It incorporates beamwidths of 10 in both azimuth and elevation antennas.

2
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It provides guidance throughout i-60 degrees azimuth either side of the run-
way centerl ine , and f rom 1-degree up to 20-degrees  elevation out to a
range of at least 20 naut ical  miles. Precision L-Band Distance Measur ing
Equipment ( D M E )  provides ranging info rmation throughout  the coverage
volume. Fi gure  1 is a general  plan view of the airport  showing the relative
locations of the TRSB installations. General information on TRSB is
presented in Appendix A to this document.

System Installation

A survey team , including Federa l Avia t ion  Adminis t ra t ion  (FAA) and Regie
des Voies Aer iennes  ( R V A )  Belg iam personnel , v is i ted propsective si tes at
Zaventem Ai rpo r t  on December 7, 1977 . The TRSB system was sited on
the same concre te  pads as those occu p ied by the Br i t i sh  microwave landing
system dur ing  its demonstrat ion some months earl ier . Fi gure 2 shows the
spec i f ic  s i t ing  on Runwa y 07L at Zaventem . The azimuth  subsystem was
located 1b7 mete rs  (547 feet)  f rom the stop end of Runway 07L. The
a z i m u t h  monito r was on the extended center l ine of the runway 30 meters
(98 feet)  in f ron t  of the a z i m u t h  antenna enclosure . The elevation subsys tem
was located 125 meters  (402 fee t )  to the rig ht of the runway centerl in e and
200 mete rs  (656 fee t )  f rom the runway threshold.  The elevation monito r
was 30 meters  (98 fee t )  in f ront  of and about 6 meters  (17 feet)  f u r t h e r
away f rom the runway than the elevation antenna enclosure.

The TRSB was flown to the Zaventem Ai rpo r t  aboa rd a USAF C-l4 1  a i r c r a f t ,
a r r i v i n g  on January  l~~, 1978. It was off-loaded and trucked to the az imuth
and elevation s i tes  in prepa ration for  installation. With the ass is tance  of
a c rane , both major subsystems were in place on the i r  concrete  pads the
followin g day. A uni que problem was the removal of exis t ing anchor studs
and replacing them with new s tuds  that had to be drilled into the hardened
conc rete pads. Notwi ths tand ing  the above , both systems were  in operation
by noon the next  day.

Fi gure  3 shows the az imuth subsys tem and field monito r situated in the
mids t  of the lig ht lane used for approach to Runway 2 5R. F igure  4 is the
rea r view of the az imuth  installation facing the stop end of the runway.
The Zaventem A i r p o r t  tower is seen in the d i s tance  to the left. F i g u r e  5 V

is the elevation subsys tem as installed near the threshold end of Runway 07L.
As viewed f r o m  the rea r of the elevation site , this fi gure  shows the curved

• approach area flown in the TRSB demonstrat ions.  The Diegern church tower ,
to the d i s t an t  left , at an elevation ang le of 1. 5 degrees , was a hazard on low

V approaches .

3
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Fig u r es  t and 7 show s t ruc tures  on both sides of Runway 07L in the v i c in i ty
of the approach/ landing zone. These can also be seen in Fi gure 1 near the
landing end of Runway 07L.

The Radio Telemetr ic  Theodolite (R TT )  t racker  is shown in use nea r the
TR SB elevation site in F igu re  8. Its nominal location for 3-degree glide
slope s was 30 mete rs  (100 fee t )  to the rear  of the elevation subsystem and
uO m e ter s  (2 00 f ee t )  to the rig ht of Runway 07L. The RTT tracke r output
is te lenietered to the approaching a i r c r a f t .

Airbo rne Inst  rurnenta t ion

The two a~ rc raf t  used for  demons t rat ion  of the TRSB are shown in Fi gu re  9.
Al thoug h of d i f f e r i n g  demonst ra t ion  capabilities , the Convair 880 and the
Boeing 72 7  a i rbo rne  ins t rumenta t ion  for  moni tor ing and r ecording TRSB
fl ig h t s  was s imila r .  The basic a i rborne equ ipment consis ted of dual angle
r e c e i v e r s , co u r se  deviat ion indica tors, and precision DME in ter rogators .
I n s t r u me n t a t i o n  requi red  for  data acquis i t ion  consis ted of a data multi-
plexe r , di g ital data recorder , analo g video recorder , s t r i p c h ar t  r ecorder ,
t ime  code gene ra to r , and separa t e  UHF/VHF te lemet ry  receivers . Details
of the ins trumenta t ion  packages on these two a i r c r a f t  is shown in Fi gure  10.
All data  were  obtained using omni-d i rec t ional  C-band antenna located on the
a i r c r a f t  as shown in Fi g u r e  9.

Opc r . tt ional  Demons t ra tion s and Data Acqu i s i t ion  Flights

The TR SB demons t ra t ions  were  well attended by civil  and mi l i t a ry  aviation
o f f i c i a l s , news media , and in teres ted  v i s i to rs  f rom many count r ies .
D u r i n g  the demons t ra t ions  in the f i r s t  week of February ,  a total of 185
a t t e nd ees reg is te red  for  the full schedule of events.  Table 1 summar izes
t hose p a r t i c i pants regis tered  f rom 17 countr ies .  These f igures  do not
include some 30 U. S. offic ials and avia t ion-or iented personnel who attended
the spec ia l  TRSB demons t ra t ion  at  an earl ier  date .

Table 2 l i s t s  the schedule of demonstra t ion events . TRSB/MLS presenta-
t ions , ground tours  of TRSB installations , demonstrat ion flig hts , and
fo l low-up  c r i t i ques , and data discussion and analys is  sessions were
provided. 

V

Table ~ l i s ts  scheduled demonstrat ion fli ghts.  The Convair 880 , which was
equipped to p e r fo rm curved p ath  and s t r a ig h t - i n  approaches in addition to
autoland , accomplished the major i ty  of those TRSB flig hts.  The fli ght path

4
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and approach to Brusse l s  A i r por t  is il lustrated in F igu re  11 and Fi gure 12
as used for  both demonstrat ion and data acquis i t ion . The fl ight  geometry
of F i g u r e  13 was used for  coverage per formance  checking and data acquis-
i t ion  fl i ghts .  Table 4 l is ts  the data acquis i ton  flights.  A th i rd  of the
approaches  were  autoland . It also l is ts  the C- l30  in te r fe rence  tests  made .
For these tes ts , two Bel g ian C -l3 0  Hercu les  a i rc raft  were positioned at

• ident ified points on a parking stand immediately to the rig ht and short of
the Runway  07L threshold as shown in Figure  14. This location placed
them almost d i r ec t l y in f ron t  of the elevation antenna at approximately
300 meters  (984 fee t )  so that  the elevation antenna l ine-of -s ight is inter-
ce pted at  low ang les . These a i r cr a f t , represent ing possible mult i path
obst ruct ion s , had been deployed in the same location s dur in g the previous
s e r i e s  of Dopple r M 1s tests at the same runway location.

A l imi ta t ion  encountered in data acquisi t ion at Zaventem was that t r ack ing
data coul d be acqu i r ed  only du r ing  relatively short  c lear ing periods of the
ge n era lly poo r v is ib i l i ty  condi t ions .

A i r  t r a f f i c  operat ions  for  the TRSI3 demonst ra t ion  fl i ghts at Brussels  were
accompl ished through close coord ination of special f l i ght r equ i rements  with
the Bel g ian RVA.  An FAA ATCS coordinator  was teamed with an RVA con-
t ro l l er  ass igned  to the TRSB project .  This team p ar t i c ipated in all joint
F A A /R V A  demonst ra t ion  fli ght br ie f ings  wi th  the air  crews and carr ied
out the IFR control  room ope ration s involving demonstrat ion flig hts and
data acqui s i t i on  fl ights.

Performance Asses sment

Ai r c raft  t r ack ing  for TRSB demonstration and data f l i ghts  at Brussels  was
provided , as d i s c u s s ed previously, by a manually operated RTT. During
the fli ght test  period , due to limited visibili ty,  the RTT was used only to
t r ack  elevation approache s of the CV-880 and B-72 7 . An automatic  t racker
w hich  uses  a sensit ive vidicom tube , was not available as it was being used
d u r i n g  th i s  t ime period to track TRSB fli ghts at Char ler o i , Belg i um.

The RTT was adjusted on the ground to have the same sens i t iv ty as the
TR SB rece iver  elevation analog output in the a i r c r a f t .  Whi l t~ manually
t rack ing  the a i r c r a f t  with the theodolite , the RTT angle data was simultan-
eously t ransmi t ted  to the a i r c r a f t  where it was received , decoded , and
combined with the TRSB ang le signal to produce a d i f fe ren t ia l  e r r o r  plot.
In addit ion , the receiver  output and the t racker  output were  also recorded .

S
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These traces were plotted on an airborne light galvanometer type strip
cha rt recorder.  It is to be noted that, dur ing  the demonstrat ion ac t iv i ty
at Brussels , visibi l i ty  conditions rarely exceeded 2 to 3 miles. Although

this vis ibi l i ty  did not permit az imuth tracking, the received TRSB azimuth
signal was recorded . In addition to the light sensitive s t r ip  char t  recorder ,
a digital recorder  was available in both demonstration a i rc ra f t .  Since only
analog data was available from the RTT , the digita l information recorded
was angle data f rom the TRSB receivers and time code data . Examples
of NAFEC processed digita l TRSB data are presented in Appendix C.

Analog s tr i p char t  recordings f rom flights conducted on the FAA CV-880
and B-727 a i r c r a f t  du r ing  the demonstration period are  presented in
Fi gures  15 throug h 20 . Tracker and alignment bia s errors  have been
taken out of these analog data plots. F rom these f igures , it is evident
tha t the maximum tracking range was approximately 6 nautical  miles ,
whi le  more often good t racking could only be provided for  a distance of
between 2 and 3 nautical  miles . The reg ion s of valid t racking show the
Basic Wide TRSB elevation subsystem to be within ICAO (AWOP) “full
capabi l i ty  sys tem” requi rements .

V As expected in the special tests with two C-i  30 Hercules a i r c r a f t  in the
low ang le scan of the elevation beam , interference was noted when line-
o f - s ig ht blocking occurred from the tail assembly of the C-l30.  The
in te r fe rence  occurred  at an approach elevation angle of about 2. 0 degrees
and is s t r ic t ly  a funct ion of geometry and f requency of operation (C-band),
not the sys tem design or signal format .  In accordance with a bilateral
ag reemen t , the IJK/CAA also collected data on the TRSB at this  site (and
at K r i s t i a nsa n d , Norway).  Dur ing the CAA flig hts , vis ibi l i ty  condit ions

V were improved enoug h to track f rom the az imuth  site . Therefore  the onl y
a z i m u t h  e r r o r  plots available are  those taken by the U K / C A A .  The U K /
CAA designed the necessa ry  interface to ins tall TRSB components in t he i r
HS-748 twin tu rbo  prop a i rc r a f t .  (This  was the same a i r c r a f t  and TRSB
instal la t ion the U K / C A A  used in fl y ing against  the TRSB Basic Nar row
System at Kr is tiansand , Norway. A sepa rate report covers the Kr i s t i ansand
demonstrat ion of TRSB . )

Sample data plots obtained by the UK/CAA are shown in Appendix D. Three
sepa rate plots , t racker , ang le receiver  output , and e r ro r  plots are provided
by the U .K . This data contains “ spikes ” not normally seen in TRSB data
and are  believed to be caused by the recorder  in ter face  equipment  aboa rd
the U. K . a i r c r a f t . See Appendix C for sample plots of TRSB digita l data
recorded in FAA’s CV-880 a i rc ra f t .  These plots , which show only TRSB
rece iver  output , do not contain any “extraneous spikes. ” Therefore , for

6
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data presentation , an add itional plot has been added for each U.K. data
run (set of three plots) which has the “spikes” removed. Also noticeable
in the CAA collected data on the TRSB elevation system is a negative
t rend in the e r r o r  data . This is not seen in the FAA collected data and
is believed due to t r acke r  posi t ioning on a convenient concrete  ad.

As in the FAA elevation data plots , the CAA e r r o r  data plots show that
the pe rfo rmance of the TRSB Basic Wide confi gurat ion is wi th in  the ICAO
( A W O P )  e r r o r  l imits for  the “ful l  capabi l i ty  system.”

S U M M A R Y  OF RESULTS

V Ope rat ional  demons t ra t ions  prov ided to large n u m b e r s  of inte rn a t iona l
avia t ion r ep resen ta t ives , off ic ials , and aviation or ien ted  v i s i t o rs  were
well  received and acknowled ged .

The Basic  ~Vi de  TRS B equipment  provided hig h a c c u r a c y  a i r c r a f t  approach
and landing gu idance  su i tab le  for  complex approach paths and a ut o m a tt c
landings .  Al thoug h desi gned for  use at hig h dens i ty , heavi l y tra f f i cked
a i r por ts , it is re la t ive ly small and compact and was shown to be uncom-
plicated of instal lat ion and ali gnment . This was seen to be the case  at
Zaven t en i  A i r p o r t , Brusse ls , Belg ium , even under  the adverse  weather
cond it ions  of the w in t e r  season.

Al thoug h the same adverse weather  condit ions limi ted  data acqu is i t ion ,
the sample s with good t r a c k i n g  available in both the U. S. and U .K . data J
show that  the TRSI3 , on both manual and auto land fli ghts , was c o n s i s t e n t l y
able to gu ide and land a i rc raf t  a long s t r a ig ht- in  and curving approaches
at a la rge European a i r p o r t  wi th  negli gible influence f rom mult ip a th  reflec-
t io n s and p e r f o r m s  within the “full capabi l i ty  sys tem” requ i rements  of

V I( AO .
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TABLE I
SUMMARY STATISTICS

TRSB operational demonstration at Brussels, Belg ium, February 1
th rou gh February 3, 1978.

Registered Visi tors

February 1 (Press) 14
(Other) 51

February 2 (Press) 2
(Other) 54

February 3 (TV) 2
(Other) 62

Total 185

Fligh t Demonstrations Observers

B-727 CV-880

February 1 27 21
February  2 27 46 V
February 3 11 53

Total 65 120

Grand Total 185

Countries Represented

Belgium 86 Spa in 3
United States 21 Aust r ia  2
Italy 14 Ireland 2
France 14 Greece 2
United King dom 13 Luxembourg 2
Germany 9 N ether lands 2
Switzerland 4 No rway 2
Finland 4 Portugal 2
Denma rk 3

Total 185
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TABLE 2

SCHEDULE OF EVENTS

UNITED STATES OF AMERICA
TRSB DEMONSTRATION PROGRAM

BRUSSELS , BELGIUM

Februa ry 1, 2, and 3, 1978

TRSB Presentation 0900 1030
1100 1230

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

Vis i t  to TRSB G round Facilities:

Zaventem Airpor t  1045 1145
1200 1300

Gosselie s Air port 1430 1530 V

TRSB Flight Demonstrations:

CV- 880 0930 1030
1045 1145
1200 1300

B-727 0930 1030
1045 1145
1300 1400

Note: The program schedule was flexible and was adjusted to accomodate
visito rs.
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TABLE 5

ICAO (AWOP)FULL AND REDUCED
CAPABILITY CONFIGURATION ERROR LIMITS

AWOP Distance

System to Error Permitted Error (2 Sigma)
Configuration W indow (Feet) Feet Degrees

Reduced Capability 4, 000 ±10 0. 14
( Eleva tion) +0 .10 noise

± 0 . lOb ia s

Reduced Capability 10, 000 ±40 +0. 23
(Azimuth ) ±0. 16 noise

±0. 16 bia s

Full Ca pability 1, 145 ±2. 0 ±0. 10
(Elevation) ±0. 07 noise

±0. 07 bia s

Full Capability 15, 000 ±20 ±0. 076
(Azimu th) 054 noise

±0. 054 bia s
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BRUSSELS , BELGIUM (flTi) 15JU l. 77 ~~~~~~~~~~~ Approach Chart

BRUSSELS NATIONAL APT. BRUSSEL S Clearanc e Cpt BRUSSELS Appro ach (I)

ESev 180’ N50 54.1 E 004 29.2 121.6 118.25 S

Tax i I Li .7 BRUSSELS Final ( RI
Var 05°W EBBR D.partur. (RI 127.15 120. 1 X

-‘ ~&~‘ $ ~ I I I I I I _ I_~j  I -I , I I I I I — I’. I I I I I

11-71 04- 7 / V...___243 ’ 04—20 01-20 14-31 14-31 - •4 37 V

/
‘ NOTE : Airport of entry. 
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V \ V S ~ ?,b~~ 
0’.. 240’ V
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282’ Con$rai Tow er 
-

24~~ 236’ 279’ 
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318 L\ 
ç

~~~~~~~~ V V ’V~~ El,v 
.:H80 

236’ 
299 ’

• ¼L ~~~~ ~~e~~i ~~~~~~ A -

289 • 233 !59’ 279’ 
‘ 279 ’
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269’ s4~27 

243 _ ,•  
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FIGURE 12. APPROACH CHART FOR BRUSSELS NATIONAL AIRPORT
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EL TRSB ANGLE
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~ ~: 
EL ERROR
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TRSB ANGLE

NO AZ IM UTH TRAC~
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GRO UND RANGE FROM THRESHOL D

FIGURE 15. ANALOG DATA PLOT OF ld
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-V

ZAVENTE M NAT IONAL AIRPORT
BRUSSELS , BELGIUM 

V

DATE : —23-TB RUN : 4
AIRCRAFT : FAA CV — BBO
A Z :  CENTERLINE EL: 4
TRSB : BASIC WIDE

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~

ICAO (A~~~P)
°fULL CA P~$ILITY STSTE~~

°

____________________________________ 
__________________________________________________________________________ 

—

V ~~~~~~~~~~~~ 
-

~~~~~ 
— 

~~~

- 

- -  - ~~

ANGLE

NO AZIMUTH TRACKING

I- I - I I
3 . 4 5 

_
s

lIMO RANGE FROM THRESHOLD-NAUTICAL MILES 
V 78-18

1 15. ANALOG DATA PLOT OF 1/23/78 , CV—880 , RUN 4 29
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NOTE: C13O Hercules Aircraf t  in Place for  Elevation Shadowing/Multipath Test

S

ERROR

-Lii;:~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

NO A Z I M U T H  T R A C K I N G

I I I
0 V I 2 3

GROUND RANGE FROM THRE SHOLD-NAUTICAL
30 FIGURE 16. ANALOG DATA PLOT OF 1/31/78 , CV-880
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wing! Multipath Test
Z A V E N T E M  N A T I O N A L  A I R P O R T
BRUSSELS , B E L G I U M
DATE : 1-31-78 RUN: 7
A I R C R A F T  F A A  CV-880
AZ ~ CENTERLINE EL : 40
TRSB : BASIC WIDE

3 4 5
V THRESHOL D - NAUTICAL MILES

~A PLOT OF 1/31/78 , CV—880 , RUN 7
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ICAO (AWOP)0
FULL CA PASILITY SYSTEM

EL TRSB ANGLE
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TIME REFERENCE SCANNING BEAM RANGE IS COMPUTED IN THE CONVEN.
(TRSB) MLS IS AN AIR -DERIVED TIONAL MANNER. TRSB I)roposes to use
APPROACH AND LANDING SYSTEM. An L-Band Distance Measuring Equipment
aircraf t can deter mine its position in space IDME) that is compatible w ith existing
by making two angle measurements and a navigation equipment . It provides -‘iproved
range measurement. A simple ground-to-air accuracy and channelizatiori capabilit ies.
data capability provides airport and runway The required 200 channels can be made
identification and other operational data available by assignment or sharing of exist i ng
(such as wind speed and direction, site data, channels, using additional pulse multi-
and system status). plexing. The ground transponder is typically

- collocated with the approach azimuth
FAN BEAMS PROVIDE ALL ANGLE subsystem.
GUIDANCE (APPROAC H AZIMUTH.
ELEVATION , FLARE. AND MI SSED NOTE: The DME (ranging) function is not
APPROACH). The TRSB ground transmitter discussed in detail because it is independent I -

supplies angle information through precisely of angle guidance subsystems and therefore V

timed scanning of its beams and requires no is not critical to the description of TRSB.
fo rm 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

V measurement of the time difference between
these two pulses. V

I

I

SCANNING BEAM CONCEPT

ELEVATION BEAM

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~

TRSS beems are scann~~ rapidly “to” and “I ro ”
lb.ck arid forth f or azimuth , dow n arrO up for
elevation) at a precise rate 

*

A-2
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TRSB USES A TIME-SEQUENCED THE TRSB FORMAT PROVIDES FOR V

SIGNAL FORMAT FOR ANGLE AND CURRENT AND ANTICIPATED FUTURE
DATA FUNCTIONS. Angle and data REQUIREMENTS. Included are
functions (that is , approach azimuth .
elevation , flare , missed-approach guidance , • Proportional azimuth angle guidance
and auxiliary data) are sequentially to ±60~ relative to runway centerline
transmitted by the ground station on the at a 13.5-I-li update rate Ithat is , data
same channel . Primary operation is C-band , are renewed 13.5 times each second,)
with 300 KHz spacing between channels.
However the format is compatible with Proportional missed-approach azimuth

Ku-Band requirements. INote: DME is an guidance to ±40
0 relative to runway

centerline at a 6,75-Hz update rateindependent function on a separate
frequency and is not a part of this format,) • Proportional elevation guidance up to

~-,,-,0ju with a 40,5-Hz update rate
THE SIGNAL FORMAT IS DESIGNED TO
ALLOW A MAXIMUM DEGREE OF S 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 update rate
function preamble identification message, • Missed-approach or departure
This message sets the airborne receiver to elevation function with a 6,75-Hi
measure the angle or decode the data update rate
function that will follow, The ordering or
tim ing of transmissions , theref ore , is not 

• Basic data prior to each angle function
important, This f lexibil ity permits individual (includes function identification ,funct ions to be added or deleted to meet airport identification , az ir riuth scale
specific airport requirements. It also permits factors , and nominal and/or minimumany TRSB airborne receiver to oper ate with selectable glide slope)
any ground system. The only requirements
are that a minimum data rate Iminimum
number of to-f ro time-difference measure- • Auxil iary data (for example ,
ments per second) be maintained for each environmental and airport conditions)
angle function , and that these measurements
be relatively evenly distributed in time . An • Facility status data
ex ample of two 64,-millisecond sequences of
a configuration that utilizes all available C Ground test si gnal s

V funct ions is illustrated below .
S Available time for other data and/or

additional future functions.

~~~ 0 H
~ — 00 ~I O~~~ i ‘ c i ’  ,- c l i i0~~II ~~0 ~ .~° ~ 9 1  • 1 0 1  I 0 I I

> 1 6 ,  O~~ i ’°l~~I-~I ~ l~~ l
I I ls~~ I II I I I ,,- ~~ lot I ‘ I~! ~~~~ ‘~ I~’’ — ‘ i ’  ~~ l~~ l - ~ i~l ~~ l~~ I °

64 65 75 50 1w ifl

Mi MS 50

APPROACH
AZ IM uTH
OM £

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~CH~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V

MISSE
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The’ T RSH siqn.ii )IIVI\ Ifl,ikIflhIIITi ’ iO* i h ,  i V ! ~
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TRSB OPERATES EFFECTIVELY IN IN-BEAM MULTIPATH. When the reflected
SEVERE MULTIPATH ENVIRONMENTS, and direct signals reach the aircraft almost
THSB offers several unique solutions to the simultaneously (the angle of arrival IS very
mult ipath problem that has limited the small ), multipath is said to be in-beam.
implementation of other landi ng systems, TRSB combats in-beam multipath by

THERE ARE TWO TYPES OF MULT I- S Shaping 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 type~ S Motion averaging, by utilizing the high
of terrain. The resulting reflected beam is data rates of T RSB
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.

or tracking problems in those cases where
- the reflected signal is known to be persistent

Any MLS system will experienca acquisition

and greater in amplitude than the direct
signal. A TRSB feature called coverage

simple adjustment of the ground faci li~~ to

control can be implemented , at no cost , in V

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

limit the scan sector in the direction of the V

obstacle and thereby prevents acquisition of V

erroneous signals,

OUT-OF-BEAM MULTIPATH. If the angle SELECTIVE COVERAGE
and therefore the time between the reflected V

CONTROL Vand direct beam are relatively large, the
aircraft receiver is subjected to out-of-beam
multipath. In this case, the TRSB processor
automatically rejects the reflected signal by
placing a time gate , as illustrated below,
around the desired guidance signal . This
ensures that the correc t signal is tracked
even if the multipath signal amplitude
momentarily exceeds that of the desired
signal.

TIME GATING
TIME

AMPLITUDE GATE

By simple programming, the scanI ~~~~~~~~~ 

~~~~~~~~~ sector can be adlust&I to Prevent
undesired obstacle reflections

MULTIPATH DIRECT

SIGNAL SIGNAL

TIME

Time geting ensures tha t the
correct signal is tracked. not
the ref lected one

A-4
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TRSB IS A MODULA R SYSTEM WH ICH available , as indicated in the table below ,
CAN BE 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-space
array subsystems has bet~n designed that may of uniform quality in all airpo rt environ-
be installed in any combination to meet the ments ,

broad range st user requirements.
NOTE : OME is an independent subsyste m

The minimum system configuration consists which is combined with appropriate azimuth
of approach azimuth and elevation and elevation subsystems to m ake up the
subsystems. Flare , missed-approach, and total guidance system,
range subsysterlis may be included or added
later. Several antenna beamwidths are

GROUND ANGLE SUBSYSTEMS

SUB- NOMINAL COVERAGE
SYSTEM BEAMWIDTH (DEGREES) PRINCIPAL APPLICATION S

V (DEGREES)

Azimuth 1 Up to +60 Approach Azimuth ; Long Runways

Azimuth 2 Up to 460 Approach \ : i imi i it l r . Inter mediate Length Runways

Azimuth 3 Up to + iSO Aisp,~~,i, Ii A:~, i1i t lm , Short Runways
Missed ~\t’i’i~~i Ii A uth

Elevation 0.5 UP to l~s F lart ’

Elevation 1 UP to 30 Elevation
)Severe m~ 

itipath sites ) °’

Elevation 2 UP to 30 Elevation
I Less sever e mmli i !  path sites l

Coverage determIned by Beam Steering unit (esut issr a ll V, r rVi \  s ,

See mu lti path discussion-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Phased Arr ay Aiimut h Ante nna installed t V 
V 

V -

as Ihe N~ tionel Av iatio n Fac ili t ies
E epenimental Center , Redorr,e is roil ed —

beck to esoose radiating elements. “

I,
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AIRBO RNE RECEIVER DESIGNS ALSO the -. .iiri s i i m  beam ,iiimuth and elevation
STRESS THE MODULARITY CONCEPT. ~uf i~ s ~ t i V ~~ s and d s s i V V f r ~~ t h~ ~ir s i i i ,iry dat.i
Users reed V i l ilS to5 or e  what Is e~ r’s~~ir ~~~ i i s . i i ~V ~~S V i i  i~ii rm ion itri ring ensures the
for the s ers-mues des ired Ib m _ V  

~~~~ iiiij iit ~~ll tV i t t ile N V  1501 Output.
t , iuil ity_ Io obtain .ippr ~~~ Ii amid I , imrd imi o
guidance at the Iosvest OS! alt 10 V I’m rii VedS ~\ ~, i d  n bsii iv s i t  is t f i r V DME. It is
only an antenna and a b,is I ems i i  h ii ir s led to per 4ite with the angle
processor unit operating wi th 05 i St  V i i~ I LS ~~~~ is s - P1 V i~ 0SSi tl ilid pm ss le~ Continual
displ ,iys_ An _ii tm i iis js is r t  i t s i t i r s -  i~~i ,l’t r V i di i  i i’ 5l l~V t I t i

r \t L iiP Ps ’sf f i lm s ipt m itii i i l t i  i 1l5 5\s i t l i s t
Tmii nirimuni s will c,irry rtzrj simidant s V it i I i l sm ei i m 15 :11 500 anal. s i s i _ o l - I i  s i .ssol and rI m .
and , ri th~ t i i t i i r , ’ advansed sf ispi i~ to liili~ :~~ t i S i l l  - t i r ida r i j  s i u t t O i t s  tO V V X I S t md
sit i l i . -e all of the inherent s pi ’ ij t io im iI Ilvili OV V , u  r i s l O s  51sf S i I J t V Pi I l )t  sys t e is . An , V
capabilities provided by TRSB. i c r _i l i: hOt is 5 i l i~~V i t i r  ,Ssiuisl be used V -

t i l V 5 l r s r , ite u sed it s, t re rm:e ~f ,ipl m l r i s  hi’s
The 200-channel TRSB angle es .‘iw r V 5 u s d on 1 HSB positron information.
processor provi des angle in for m i t t  ion It o r m i

AIRLINE TYPE AVIONICS

GENERAL AVIATION TYPE AVIONICS 
V

A-b

hI.—~———— ,,V~..i V. -5~4l,eS. V - 
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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. This
OFF ER THIS SE RVICE . This is made includes CTOL . STOL , and VTOL air c ra tt
possible by operating oven a wide range of flight profiles.

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

contains enough channels for any accommodated. TRS8 is adaptable to iv’s al
foreseeable implementation military applications , such as transportable

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

THE LARGE COVERAGE VOLUME HIGH RELIAB ILITY , INTEGRITY , AND
PROVIDES FLIGHT PATH FLEXIBILITY. SAFE TY OF TRSB ARE ENHANCED BY
Transition from en route navigation is SEVERAL IMPORTANT FEATURES.
enhanced through the wide proportional These include
coverage of MLS. Such flexibility in
approach paths, coupled with high’quality • Simple TRSB receiver processing
guidance, can be used to achieve • Multipath immunity features on the
• Improvements 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 • Coding features , such as parity and

• Lower minimurre at certain existing symmetry checks , that prevent the
airports by providing precise mixing of functions .
missed-approach guidance

TRSB PROVIDES CATEGORY .III• Wake vortex avoidance flight paths.
QUALITY GUIDANCE. TRSB signal
guidance quality has already been proved via

THE TRSB SIGNAL FORMAT ENSURES demonstration of fully automatic landings,
THAT EVERY AIRBORNE USER MAY including rollout , in a current commercial
RECEIVE LANDING GUIDANCE FROM transport aircraft IBoeing 7371 and an
EVERY GROUND INStA LLATION, executive jet (North American Sabrelirierl.
Compatibility is ensured between facilities

V 
serving international civil aviation and those
serving unique national requirements.

i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TRSB provides precision guidance for curved and V

segmented approaches foe noise abatement and
tr affic separation, es wail as for autolarid arid
noilout
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Competing MLS Systems ~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~

covcragc at about Ihe 45 deg. aiinsuth
radial, about S mi. do~ nwind from the

Complete Brussels Tests ay threshold. still heading down-

A left descending turn w as then
By Robert R. Ropelewski initiated toward the extended runway

center line. w ith the aireraft intercepting
Brussels— Federal Aviation Administration has completed four days of demonstrations the extended centerline about l~-9 nh . from
here of its time reference scanning beam microwave landing system . with initial results the runway threshold . 2.000 ft altitude .
suggest ing there was little difference in performance between the U. S. system and the and heading toward the runway Once the
British Doppler MLS system , w hich was demonstrated here earlier. e levation signa l for a 3 deg. glideslope w as

The Brussels international site has been ~~~~~~~~~~~~~~~~~ 
_______ -~ -- -— —- - - - - - intercepted . t he aircraft tracked the

much disputed by proponents of the U. S. Both systems were set up relatively system down to a full automatic landing
— MLS concept and those of the British quickly after their arrival in Belgium. on centerline with no apparent deviations .

Doppler concept . as far as the predicted FAA technicians said the mechanical In a repeat of a test imposed on the
performances of the two systems at Brus- installation of the system at Gosselies was British Doppler Ml.S system . Iwo Belgian
sels Internat ional Airport were concerned. finished in I hr. 15 mm .. and the FAA air force Lockheed (‘- 130 transports were

C With both systems now having been evalu- Convair S80 made its initial approach and parked on a tax iway where they would be
ated there, program officials on the U. S. automat ic landing with the system a day between the approaching aircraft and the
side, at least , are acknowledging that the and a half after the equipment was elevation transmitter antenna . Wheel posi-
results appear to be roughly the same for delivered to the Gosselies airport. lions of the aircraft had been marked on
both systems. This AVIATION W EEK & SPACE TEcH- the taxiw ay during the earlier British

The FAA demonstrations , w hich took NOLOG Y editor observed two MLS ap- demonstrations at Brussels . and the (‘- 130
place here from Jan. 30 through Feb. 2, proaches at Gosselics aboard the FAA 727 positioning was thus exactl y thc same for
included 47 MIVS approaches at both aircraft , both approaches terminating with the FAA demonstrations.
Brussels International and Gosselies air- a low pass down the runway. First of these FAA and Bendix technicians said no
port at Charleroi , a few miles to the east, was a manua lly flown approach on a 3 elevation si gnal deviation could be de-
Two FAA aircraft , a Boeing 727 and a deg. glideslope with a 2 deg. left offset tected on those approaches flown on a 4
Convair 880, were used in the presenta- meaning an angling approach that had to deg. glideslope, and “very little ” deviation
t ions. be corrected on short tInal to align the was detected on those approaches flown on

The CV 880. which was equipped with aircraft with the runway centerline, a 3 dcg. glideslope.
an automat ic landing system and an on- The second approach was a coupled While some evidence of si gna l masking
board ccmputer for curved MLS ap- (automatic) approach on the runway was noted on the 2 deg. glideslope V

proaches. accomplished 32 of the 47 centerline with a 4 deg. glideslope. Gossc- approaches, in which the tail of one of the
approaches. All of the CV 880 up- lies weather was poor at the time, and in C-I30s blanked out the signa ls to the
proaches — 23 of which were made at both cases the runway approach lights approaching aircraft in one spot , FA A
Brussels and nine at Gosse lies—termi- appeared only w hen the aircraft had officials said there were no autop ilot
nated with an automatic landing. descended to 200 ft. above ground level, disconnects as a result of the signa l mask-

In addition to the demonstrations of the and the runway lights themselves became ing. and induced errors were relativel y
FAA system , U. S. and British technicians visible at just under 150 ft. above ground small and still within the limits set by In-
exc hanged data on the performance of level, tcrnational Civil Aviation Organiiation.
their respective systems at Brussels, and a Because of the 2 deg, offset on the lirst Bendix engineers said Ihe same situ.l-
British Civil Aviation Authority Hawker approach, t here was no reference with tion was true for the British Doppler \1l S
Siddeley HS 748 transport niade several which to judge visuall y the accuracy of the when it was evaluated at Brussels.
approaches on the FAA/Bendix MLS approach. In the second approach. how- The FAA demonstrations at Brussels
system to evaluate the performance of the ever , the aircraft broke from the clouds at and (;osselies followed two days of \I I S
U. S. system independently, FAA officials 150 ft. aligned accuratel y with the center- demonstrations at Kjev ik airport in krrs-
indicated here last wcek that they believed line, The 727 drifted slightly to the left of tiansand. Norwas. during which approxi-
both sides had all the necessary data to centerline after the crew took over manu- mutel y 3 5 approaches sscre flown ~~ both
evaluate properly the performance of the ally to init iate the low-pass and go-around, t he small comm unity and basic narrisu
U. S. time reference scanning beam but this was reflected on the MIS course Ml.S systems. Additionally. severa l con-
system at Brussels . deviation indicator on the instrument stu nt altitude overflights at 2 .000 It . were

For the FAA demonstrations , the MLS panel and llight director. effected to demonstrate the sy stem ”. eleva-
syste ms at Brussels and (josselies were A low fuel state and heavy trallic at lion (g lideslope) coverage tip to 2t) deg.
both Bendix supplied, The system installed Brussels International allowed the obser- FAA ofiie ials said a Noruegian flight
at Brussels was the “basic narrow ” conlig- vat ion of onl~ one curved approach and check aircraft reported rccei’s trig t he

~ urat ion for normal Cat . 2 operations, used automatic landing in the (‘V 880 at Brus- signa ls from the I V V V S V \  Ml S ‘.~ stCtil at a
in this case in conjunction with a (‘ardion se ls, This approach was effected sstl h no distance of 71) nsit ll. till.
Electronics distance measuring equipment apparent discrepancies . and the touch- Approaches flown at Krrstiansand were
(DMF) transmitte r for precision distance down appeared to be preciscl~ ott center- t he same type as thosc t lrswri there earlier
information down to touchdown. The basic line. ss ith the I3rit ts h I)oppler \1 I S s\s t cm.
narrow system uses a 2 deg. bcamwidth The 880 ssas equipped for Ilight test These included straig ht-in approaches and
phased array a,imuth antenna and a 1,5 purposes w i t h  a Pl)P 11/3 4  digital approaches on the I. 2 and 3 skg. \t I S
deg. phased arra y elevation antenna. computer which provided guidance signa ls radial” on glideslopc s of ’ 2 . 3 and 4 deg.

The Gosse lies installation was a less to the aircr ,ift ’s Collins FCS I 101 flight The basic narrou atsd s r ismill eoflsnsLinl t~
accurate (an d lower cost) “sma ll commu~ director during the curved portion of the s% stem configurations ssere c~localed f~r
nity ” Cat  - 1 system with a 3 deg. phased approach. The curved portion s~as pre prst - the I V

V
V\ V\ s letiirtnstratio n,, , arid program

array a,imuth a ntenna and a 2 deg. grit med on a Iloppy disc , officials said there s~ crc no deviations
phased array elevation antenna. No PME The approach began from a position between the tw o,
was installed at (‘,OsSCIiCs, about 7-8 mi. abeam the runwas with the As in the case of the l3russi’ls detiton-
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V - V V - ,V V 
V,

~
VV VV
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st rat ions. FAA and Bendix technicians scanning beam system and the I)oppler Nairobi. Kenya . and Shira,, Iran . for
noted that there was little difference in the system , over flights of the a,imuth antenna additional demonstrations before return-
performance of the time-reference scan- by departing aircraft result in much less ing to the 1,? . S.
ning beam and the Doppler system at beam distortion than on existing instru- Side-by-s ide demonstrations of both the
Kristiansand. based on the British data merit landing systems (Il.S). U. S. and the British systems are now
they had seen. While the FAA ’s Convair 880 returned scheduled for late March and ear ls April

“We encountered about the same inter- to the U. S. last week , t he agency ’s 727 at Montreal . pr ior to the I(’AO general
ference and the same reflections ,” a left Brussels for Dakar . Senegal , w here meeting in Montreal on Apr. 4 w hen the
Bendix engineer said, Both systems , he demonstrations of’ the sm all community selection of one of the two systems for a
said, had performed well within ICAO MI.S s~stem will be made. From there, worldwide standard is scheduled to be
specifications . An FAA MI.S specialist the aircraft and system will go on to made.
conceded that for both the j immie-reference

© Copyr Ight 1978 McGraw-Hill Inc. All rights reserved. Printed In U S A ,
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