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INTRODUCTIO N

Durin g the past several years , extensive engineering evaluation and flight
testing has been accomplished on Time Reference Scanning Beam (TRSB)
Mic rowave Landing System (MIS) equipments at the Federal Aviation
Administration’s (FAA) National Aviation Facilities Exper imental Center
(NAFEC), Atlantic C ity, New Jersey, and at the Auxiliary Naval Landing
Field , Crows Landing, Californ ia. TRSB MIS is the United States and the
Australian candidate submission to ICAO as the future all-weather landing
system which would replace ILS.

In March 1977, the ICAO All Weather Operations Panel (AWOP) recomrnen- H
ded TRSB to the Air Navigation Commission (ANC) as the preferred candi-
date system for international adoption. This decision by AWOP followed a
15-month period of intensive and comprehensive assessment of all competing
microwave landing systems conducted by a wo rking group of international
experts under the sponsorship of the AWOP. The ANC forwarded the
AWOP recommendations to the ICAO Council, whereupon the Council has

• scheduled a worldwide meeting for April 1978, to addre8s the question of
selecting the new international standard for an approach and landing
system to replace ILS. Meanwhile, the Council has encouraged proposin g
States to conduct demonstrations and flig ht trials at operational at~rports.
Accordingly, the FAA has developed a program to conduct operational
demonstrations of several TRSB hardware configurations at selected
airports in the United States and abroad. These demonstrations are intended
to show tha t TRSB is a mature system tha t meets the full range of require-
ments from general aviation use to scheduled air carr ier  operations , for
Category I to Category III autoland, under good or poo r airport  s i t ing
condition s, and under extreme weather conditions. Additionally, these
demonstrations provide opportunities for representatives and officials of
the international aviation community to gain f i rs t  hand knowledge of TRSB
MIS, and assess its applicability to their  particular requirements.

The initial site selected for an operational evaluation, partly due to its
proximity to NAFEC, is a small municipal airport located approximately
45 miles (72 kilometers) southwest of NAFEC in Cape May, New Jersey.

• The airport, although primarily intended for general aviation use , is
served by a domestic feeder airline with four daily flights using Dehav iland
DHC-6 Twin Otter aircraft. The airport has four runways, two are 4000
feet (1. 22 kilometers) in length and two are 5000 feet (1. 52 kilometers) in
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length. The airport plan view is presented in Figure 1. At the present
time, the a i rpor t  is equipped for VOR non-precision approaches only,
with 600-foot/l mile (183 meters/ l .  6 k ilometers) minimums.

DISCUSSION

The TRSB system configuration selected for installation at the Cape May
County Airport was manufactured by the Bendix Corpo ration ’s Communi-
cations Division, in accordance with FAA specifications (see Table 1). It
is the most economical system configuration developed in the U.S. Phase
UI program, and was designed to provide azimuth proportional guidance
ove r an a rea of plus and minus 10 degrees about runway centerline, with
directional guidance (i. e., fl y left or right) from 10 degrees out to 40
degrees similar to an ILS localizer. The elevation proportional guidance
extends from 2 degrees to 11 degrees. Fly-down clearance is provided
from the upper limit of proportional guidance to 15 degrees. System
coverage distance is at least 20 nautical miles under heavy rain conditions,
and much greater under less stringent environmental conditions. Basically,

• the small community TRSB was designed to provide Category I operational
minimums on most runways in most airport  environments. Guidance
quality, however, has been shown to be better than ILS, and will support
autoland operations. General information on TRSB is presented lit the
Appendix.

System Installation

A survey team from NAFE C visited the Cape May Airport on September 13,
1977, and selected an installation site for the system to serve Runway 10,
a 5000-foot runway (1. 52 kilometers) with the azimuth subsystem site loca-
ted along the extended centerline 600 feet (183 meters) beyond the stop end
of the runway. The elevation subsystem site was located 210 feet (64 meters)
perpendicular to the centerline, on the north side of the runway, and 860
feet (262 meters) from threshold. The sites are best visualized by refer r ing
to Figure 2. It is evident from this diagram and Figure 3, that the azimuth
site selected could possibly be susceptible to rnultipath interference from
several structures near the south side of the runway, most notably a four
story terminal building and a hangar; however, subsequent tests revealed
no observable multipa th effects. Experience indicates that an ILS localizer
in this location would produce observable multipath in the approach and
landing zone .

Two weeks following the site survey, the “Small Community System” was
transported to the airport  over a very rough road by truck, unpacked

,2



in stalled, turned on, ground checked, and certified ready for use. About
1-1/2 days of elapsed time was required between equipment arrival at the
airport and the completion of all ground performance checks. Because of
the short time duration of testing and demonstration activities (September 27
to Octobe r 8, 1977), power was provided by a small diesel generator at each
site .

Figure 3 shows the azimuth subsystem in the foreground, with the far field
monitor horn located forward of the antenna on runway centerline. The
view is towa rd the runway. All of the azimuth subsystem electronics and
antenna are located in the one housing shown. Figure 4 presents another
view of the azimuth subsystem from the runway end. The monitor ho rn
appears in the foreground, and the azimuth antenna is located directly
behind the white radome visible in the back ground. A closeup view of the
azimuth field monitor antenna is presented in Figure 5.

The elevation subsystem and its far field monitor are shown in F igure 6.
As in the case for az imuth, the elevation subsystem, including antenna
and electronics, is totally housed in the one s tructure shown. The eleva-
tion monitor horn is located 150 feet (45. 7 meters)  in front  of the arra y
on a pole , 11.75 feet (3 . 58 meters)  hig h. The runway is visible along the
left side of the fi gure .

As observed in Fi gures 3 through 6 , it is s ignif icant  to note the relative
ease of in sta llation , requiring only four concrete foundations to support
the two subsystems and their respective monitors.

Operational Demonstra t ions

On October 7, 1977 , an FAA/NAFEC Doug las DC-6 a i rc ra f t  flew conven-
tiona l 3-degree approaches to the TRSB instrumented, runway ( R/ W  10/28) .
A typical DC-6 3-degree approach on TRSB guidance is shown in Figure 7 .
The TRSB elevation guidance subsystem appears in the rig ht center of the
picture. During th~ afte rnoon of October 7, a series of approaches were
tracked to obtain data on the quality of TRSB guidance at this p ar t i cu l a r
airport.

The Canadian Department of Transportation participated in the operational
evaluation by sending their flight inspection “Tw in Otter” aircraft  (see
Figure 8) and crew to NAFEC to be equipped with TRSB receivers. Follow-
ing the equipment installation, the “Twin Otter” conducted flights on
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September 28, 29, 30, 1977, at the Cape May Airport. These flights con-
sisted of 3-degree and 6-degree approaches and landings using on-board
area-navigation to the interception of the TRSB guidance. Representatives
of the press and aviation officials participated in these demonstrations.
No ground t racking was accomplished.

Figure 9 shows the Canadian “Twin Otter ” on the final segment of a 6-degree
approach using the TRSB elevation and azimuth guidance. The “Twin
Otter ” is shown again in Figure 10 approaching the azimuth subsystem
after taking off from Runway 10/28. According to the “Twin Otter” pilot ,
Joseph Czaja , “The Small Community System provided very good precision
MIS guidance to Runway 10. ” He also stated that, “All members of the
c rew were very well satisfied with its performance. ”

Perfo rmance Assessment

A Radio Telemetry Theodolite (RTT) tracked the position of the DC-6 on a
series of data flights conducted on the afternoon of October 7, 1977. Four

• elevation runs and four azimuth runs were tracked independently. The RTT
was adjusted on the ground to have the same sensitivity as the TRSB system.
While manually tracking the a i rc ra f t  with the theodolite, the RTT angle data
was simultaneously transmitted to the a i rcraf t, where it was received ,
decoded, and combined with the TRSB signal to produce a difference-voltage
representing the angula r difference between tracked angle and the TRSB
guidance ang le. This d ifference, representing system error , was plotted
on an airborne str i p chart recorder , together with the airborne TRSB track
and the RTT track. Although the s t r ip  chart recordings for elevation and
azimuth error appeared on independent run s , representative samples of
each have been combined as illustrations of system performance, and are
presented in Figures 11 and 12. Transferring these recordings to the
figures, the azimuth zero axis has been shifted to average out azimuth
alignment biases. No simila r adjustment was made to the elevation data.
ICAO (AWOP) noise error limit boundaries have been added to the plots as
shown.

A review of Figures 11 and 12 indicates that the maximum peak-to-peak
elevation noise excursion is ±0. 08 degrees, with typical excursions
somewhat smaller. For azimuth gu idance, with the exception of 1/2 second,
the peak-to-peak noise excursions are within +0. 07 degrees.

TRSB Small Community System performance has been shown to exceed the
requirements of the FAA Phase III specifications (Table 1) as well as the
mo re stringent specifications of ICAO (Table 2).

4
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ICAO Annex 10 ILS Category II glide slope and localizer requirements at
threshold are 17 mic roamperes and 5 rnicroarnperes respectively.
Converting these requirements to angular  data presented in Figures 11
and 12 for the Cape May runway length , the TRSB angles are ±0.08 degrees
in elevation (1 microampere 0. 0047 degrees), and ±0.11 degrees in
azimuth (1 microampere = 0. 022 degrees). Thz ?efore , the TRSB Small
Community System meets path and course guidance signal quality for
Category U ILS requirements.

Additional data will be published as a working paper to ICAO.

SUMMARY OF RESULTS

The TRSB system discussed in this documen t represents the most economi-
cal configuration of TRSB hardware thus far designed under the United States
MIS development program, and with in the FAA is referred to as the
“Small Community System. ” In addition to its economical system architec-
ture , the information presented herein indicates:

1. The TRSB system required minimal site preparation and ins ta lla-
tion time.

2. The TRSB system was judged to have ve ry good guidance charac-
teristics as subjectively determined.

3. The TRSB “Small Comm unity Sy~.tem” exceeds its design
specifications.

4. For this airport and runway, the data indicates tha t guidance
signal quality is within ICAO requirements for a “ reduced capability
system. ”

5. The data indicates that this TRSB system configuration path and
course guidance signal structure quality meets Category U ILS require-
ments.

5
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TABLE Z.

ICAO (AWOP) REDUCED CAPABILITY
CONFIGURATION ERRO R LIMITS

AWOP Distance
System to Error  Permitted Error  (2 Sigma )

• Configuration W indow Feet Degrees

Reduced Capability 4000 10 0. 14
• (Elevation) ±. 1 noise

± .lb iaB

• Reduced Capability 10, 000 ±40 ±0. 23
(Azimuth)  

~
. 16 noise

±. 16 bias
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TIME REFERENCE SCANNING BEAM RANG E IS COMPUTED IN THE CONVEN
(T RSB) MIS IS AN AIR-DERIVED TIONAL MANNER. TRSB t ’opows to use
APPROACH AND LANDING SYSTEM. An L-Band Distance Measuring Equipment
aircraft can determine its position in space ( DME) that is compatible w i th  e’ nq
by making two angle measurements and a navigation equipthent . It provides “ proved
range measurement. A simple ground-to-air accuracy and channelization capa bI l i *~s .
data capability provides airport and runway The required 200 channels can be iriade
identification and other operational data available by assignment or sharing of existing
(such as wind speed and direction , site data , channels , using additional pulse mult i -

and system status ) . plexing. The ground transponder is typically
col located with the approach a’ ‘~ u l i

FAN BEAMS PROVIDE ALL ANGLE subsystem.
GUIDANCE (APPROACH AZIMUTH.
ELEVATION, FLARE. AND MISSED NOTE: The DME (ranging) function is not
APPROACH). The TRS B ground transmitter 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 descript ion 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 t ime difference between
these two pulses.

SCANNING BEAM CONCEPT

ELEVATION BEAM

TRSB beurn~ ~~~ scann~i •apidly “to” and “ ho ”
(buck arvi tor,h for azimuth, down arid up for
elevation l at a precivi tale

L 
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TRSB USES A TIME-SEOUENCED THE TRSB FORMAT PROVIDES FOR
SIGNAL FORMAT FOR ANGIE AND CURRENT AND ANTICIPATED FUTUR E
DATA FUNCTIONS. Angle and data REQUIREMENTS. lie lud~d are
functions (that is, approach a,irnuth ,
elevation , f lare , missed-approach guidance, • Proportional azirriuth angle guidance
and auxiliary data) are sequentially to *60

0 relative tc) runway centerline
transmitted by the ground station on the at a 13.5-H, update rate (that is , data
same channel . Primary oper ation 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 a,in-iuth

Ku-Band requirements. (Note. DME is an guidance to ±400 relative to runway
center line at a 6.75-Hi update rateindependent function on a separate

frequency and is not a part of this format.) • Proportional elevation guidanc e up to

300 
wi th  a 40.5-Hz update rate

THE SIGNAL FORMAT IS DESIGNED TO
ALLOW A MAXIMUM DEGREE OF • Fla re guidance up to 15° with a
FLEXIBILITY . Functions can be trans- 40.5-Hi update rate
mitted in any order or combinal on to meet
the unique operational needs of each site . • 360° aiimuth guidance with a 6.75-Hi
This flexibility is made possible by a update rate
functi on preamble identification message . S Missed-approach or departure
This message sets the airborne receiver to elevation fum’tion with a 6. 75-Hz
measure the angle or decode the data update rate
function that will follow. The ordering or
t iming of transmissions , therefore , is not

• Basic data ‘riot to each angle functionimportant, This flexibility permits individual (includes function identification ,functions to be added or deleted to meet airport identilication , a,iiiiuth scalespecific airport requirements. It also perm its factors , and noiiiinal and/or niinimursrany TFISB airborne receiver to operate with selectable glide slope)any ground system, The only requirements
are that a minimum data rate (minimum
number of to-fro time’diffcrence rt i i ’~isurc- • Auxiliary data (for exaniple ,
ments per second) be maintained for each environmental and airport (;unditions(
angla function , and that these Tr ieasurenients
be relatively evenly distributed in tinie. An • Facility statu s data
example of two 64-millisecond sequences of
a configurat ion that utilizes all available • Ground test signals
functions is illustrated below,

S Available ti m e for other data and/ut
additional future functions,

I~t I 1 z i  ~ I~ I~J lid I ~ I I~II . ki 1 1
I a.- ( i . 1 1  I • I Il~~~I~~~ °~~ 1 ‘
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TRSB OPERATES EFFECTIVELY IN IN-BEAM MULTIPATH. When the reflected
SEVERE MULTIPATH ENVIRONMENTS. arid direct signals reach the aircraft almost
TRSB offers several unique solutions to the simultaneously (the angle of arrival is very
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 AR E TWO TYPES OF MULTI. 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 types S Motion averaging, by utilizing the high
of terrain. The resulting reflected beam is data rates of TRSB
classified as either out-of-bea m multipath or S 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 ELIMIN ATE 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
and greater in amplitude than the direct
signal. A TRSB feature called coverage
control can be implemented, at no cost , in
such cases by simply programming the Beam

P A 1 H  

~~~~~~~~ 

Steering Unit (BSU). This feature permits a
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-BEAM MULTIPATH. If the angle SELECTIVE COVERAGE
and therefore the time between the reflected

CONTROLand 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 correct signal is tracked
even if the multipath signal amplitude
momentarily exceeds that of the desired
signal.

TIME GATING
N 

-
TIME

A M P L I T U D E  GATE

sector can be adiust wi to preventI ~~~~~~~~~~~~~~~ 

By simple programming , the scan

undesired obstacle reflections

MULTIPATH DIRECT
SIGNAL SIGNAL

TIME

T ime galing ensures th at the
correct signal is tracked, fbI
the reflected one
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TRSB IS A MODULA R SYSTEM WHICH available, as indicated in the table below,
CAN BE CONFIGURED TO MATCH TH E from which a ground configuration can be
NE EDS OF THE USER. A set of phased’ designed to provide guidance si gnals-in-space
array subsystems has been designed that may of uniform quality in all airport environ-
be installed in any combination to meet the ments.
broad range of user requirements.

NOTE: OME is an independent subsystem
The minimum system 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 beamwidths are

GROUND ANGLE SUBSYSTEMS

NOMINAL COVERAGE

SYSTEM BEA~~~IDTH (DEGR EES) PRINCIPAL APPLICATION S
(DEGREES)

Azimuth 1 Up to ÷60 Approach Azimuth; Long Runways

Azimuth 2 Up to +60 Approach Azimuth; Intermediate Lengt h Runways

Azimuth 3 Up to +60 Approach Azimuth; Short Runways
Missed Approach Azimuth

Elevation 0.5 Up to 15 Flare

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

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

Coverage determIned by Beam Steering Unit IBSUI for all arrays.
° So. multipath discussIon.

Phased Array Azimuth Antenr,e Installed -
at the National AvIation Facilities
Esp.rlm.ntal Cm~ter, Radome is rolled
back to •xpoae radiating elements.
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AIR BORNE RECEIVER DESIGNS ALSO thi’ - L , i i i i i L iv j  tii’,ii’ , a,’ i i t iut f i and elevat ion
STRESS THE MODULAR ITY CONCEPT. ,LLLSy ’ ,ti ’ls lOLl LJ, ’ L L)(Ii Ill l L L S ( I L ~i iV dal i
Users need only piui L i i ’ wh it is ii’L i ’ , ,i iV  L i i  lL~ liI l y _  

~‘lir’ L ial i L _ iii I I L L i i r i L i  ‘fl~~L L iili, t h e

for the s.’rvJ i ii, Lli ’siri~cl IF L I I 1 L  b y  L i i L L L i i i L l  L i i I L ~.Ii L I L , L I  I Ii,- Ii ,‘ivi ’r L L L L ! i i L L I _

facil ity. To obtain approach and landinq
guidance at the lowest 051 i i i  II IL  il I riet~ds A Si” L i i  iii j i rbomne iiiii t is liii - liME - It is
only an antenna and a ba’ s ‘ 1 i’ ivi ’ i  L h,iriiii ’I. il to uiini,ili ’ wi t h the anqln’
proc essor unit Lili.’i l t l i iLi ~‘~ th i’s i s t I i i L I  I LS i L  ‘Lv i i ~~i Lii i’SSOI and I L  L i v Ld i ’s a ~onIinual
displays, An ,j ir-Imansp&imt L ,ili ’I I L LT V iUiIi r a f t  T , ,iL l  I L L  L LI lJ ,t,i i iL

~1Iiippt’d for Li ii , ’ ii ILi i i  I L L l~_ iw-w ~’ith i’ r
irtini rriorris wil l  L ,it ry  redundant ,‘L I L L L P i i l i ’iiI Ruth th.’ ,iieili’ r , ’~ i’ Iv i n-pru i i’’;Su i and liii
and , in the future , advanced LI p I ,i~ to I oIly DM I S V  L I  l~ I ii V l,i I Li iiotputS Iii ~ iSt rig
utilize all of the inhi’rent operat ion~l ft ~ l it instr si n ion Is and autopilot syste rn is . An
capabilities provided by T°SB. option al airborne coniputer would be LLsr’d

to i, rii ’r ,iti ’ curved or si LIriis ’nil i Id approaches
The 200-channel TRSB angle n i  oivs ’ i - based on T RSB position inifor rri at io rr ,
processo r provides angle i nfon oral ion Irorn i

AIRLINE TYPE AVIONICS

GENERAL AVIATION TYPE AVIONICS

_____________________ - - . - L~~~~~~~~~~~~



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 AIRCRAF T TYPES. 1 his
OFFER THIS SERVICE . This is made includes CTOL . STOL . and VTOL air’ r i f t

possible by operating over a wide range u I  flight protnles .
The particular needs of users , rarrqllsq ‘0

S The proposed channel plan, which general aviation to magur air carriers , air’
contains enough channels f or any accommodated. TRSB is adaptable to special
foreseeable implementation military applications, such as transportable

S High system integrity and precision or shipboard configurations on a cornip.itibl~
S Minimum siting requirements, basis with civil systems.

THE LA RG E COVERAGE VOLUME HIGH RELIABILITY . INTEGRITY , AND
PROVIDES FLIGH T PATH FLEXIBILIT Y. SAFETY OF TRSB ARE ENHANC ED 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 • Mutlipath immunity features on the

S Improvements in runway and airport ground and in the airborne rece iver-
arrival capacity processor

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

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

- 
S Intercept of glide path and of runway times each second.

centerline extended without overshoot S Coding features , such at parity and
S Lower minimums at certain existing symmetry checks, that prevent the

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

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

THE TRSB SIGNAL FOR MAT E NSURE S demonstration of fully automatic landings.
THAT EVERY AI RBORN E USER MAY including rot lout , in a current commercial
RECEIVE LANDING GUIDANCE FROM transport aircraft (Boeing 737) and an
EVERY GROUND INSTALLATION . executive jet (North American Sabrelinerl.
Compatibiiity is ensured between facilities
serving international civil aviation and those
serving unique national requirements,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ENTEo & cuRvED ;LiG~~~~~~Hs

TRSB provides precision guidance b r  curved and
segmented approaches b r  noise abatement arid 

S

t raffic separation, as well as to, autoland and 
L I

rotlout
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