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INTRODUCTION

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

In March 1977, following a 15-month period of intensive and comprehensive
assessment of all competing microwave landing systems, the ICAO All

W eather Operations Panel (AWOP) recommended TRSB as the preferred
candidate microwave landing system for international adoption. This
assessment involved more than 100 leading international experts in micro-
wave landing systems.

The Air Navigation Commission (ANC) reviewed the AWOP recommendation
and forwarded it to the ICAO Council, whereupon the Council has scheduled
a worldwide meeting for April 1978, to address the.question of selecting
the new international standard for an approach and landing system to
eventually replace ILS. In the interim, in consonance with the ICAO
Council suggestion that proposing States carry out demonstrations at opera-
tional airports, the FAA has developed a program to conduct operational
demonstrations of several TRSB MLS hardware configurations at selected
airports in the United States and abroad. (Hereafter for simplicity,

"TRSB MLS" will be referred to only as "TRSB.') The objective of these
demonstrations is to show that the TRSB signal format and system design
are mature and satisfy the full range of requirements, from general
aviation use to scheduled air carrier operations, for Category I to
Category III autoland. A further objective of these demonstrations is to
provide opportunities for representatives and officials of the international
aviation community to gain direct knowledge of TRSB and its applicability
to their particular requirements,

The TRSB operational demonstration and data acquisition flights of
January 23 through January 26, 1978, at Kjevik Airport, Kristiansand,
Norway, was the fifth effort in a series of operational demonstrations at
domestic and foreign operational airports, Previous operational demon-
strations were conducted at:




1. September 28-30, 1977 Cape May, N.J., USA

2. October 31, to November 4, 1977 Buenos Aires, Argentina
3. November 24-25, 1977 Tegucigalpa, Honduras
4. December 5-13, 1977 JFK Airport, New York, USA

The TRSB demonstrations at Kjevik Airport afforded civil and military
aviation officials and technical experts from Norway and other European
countries, NATO, and the General Aviation Community, the opportunity to
observe and participate in flight demonstrations, technical briefings and
discussions, and to inspect the TRSB ground equipment configurations
installed on the airport sites.,

Kjevik Airport, owned and operated by the Norwegian Directorate of Civil
Aviation, is situated in Southern Norway near the city of Kristiansand, It
supports general aviation, domestic, and international commercial airline
service within Scandinavia and to other European countries. The airport
has a single runway (04/22), 1900 meters (6234 fect) long. The existing
Category I Instrument Landing System permits precision approaches to
Runway 04. Runway 22, utilized for the installation of the two TRSB system
configurations, is a non-instrument runway with a 4-degree clevation
approach path, Figure 1 shows the airport plan view and location of the
TRSB subsystem elements with respect to Runway 22,

DISCUSSION

The TRSB system configurations installed at Kjevik Airport were manufac-
tured by the Bendix Corporation's Communications Division in accordance
with FAA specifications (refer to Table 1), The system configurations
were: (1) The Basic Narrow System with system accuracy designed to
support operations to Category Il on runways to 2438 meters (8000 feet),
and (2) the Small Community System, representative of a simple, econom-
ical system configuration, designed to provide better than Category I
service on runways to 1524 meters (5000 feet), The Basic Narrow System,
which has antenna beamwidths of 2° for the azimuth antenna and 1. 5° for
the elevation antenna, provides azimuth proportional guidance to plus and
minus 40 degrees about runway centerline with a range of better than 20
nautical miles under heavy precipitation conditions, and elevation coverage
of selectable glide slope angles from 2 degrees to 15 degrees over the same
distance. An auxiliary data channel is included for transmission of facility
status information to approaching aircraft, An independent precision L-band
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distance measuring equipment (DME) provides range data with at least 30-

meter (100-foot) 2 sigma system accuracy when used with a precision airborne

interrogator. The Small Community System, which has antenna beamwidths
of 3° for the azimuth antenna and 2° for the elevation antenna, provides
proportional guidance to plus and minus 10 degrees about the runway center-
line with a minimum range of 20 nautical miles. Fly-left/fly-right guidance
is provided between the plus and minus 10-degree azimuth proportional
sector out to plus and minus 40 degrees of runway centerline to bring the
approaching aircraft into the precision guidance sector, Elevation guidance
provides selectable glide slope angles from 2 degrees to 15 degrees. As
with the TRSB Basic Narrow System, capability for auxiliary data trans-
mission is included. Precision L.-band DME is not necessarily a component
of the TRSB Small Community System, but was available for the operational
demonstrations at Kjevik Airport since the two system configurations were
installed together. General information on TRSB is contained in Appendix A.

System Installation

An FAA advance team visited Kjevik International Airport on December 8,
1977, to inspect the selected azimuth and elevation sites previously utilized
by the U.K. in flight trials of the Doppler MLS System, and to make
necessary arrangements for TRSB installations and required ground service
support for the scheduled operational demonstrations.

On January 15, 1978, the FAA Boeing 727 test aircraft, N-40, arrived at
Kjevik Airport transporting the TRSB Small Community System and
supporting FAA personnel, On the following day, this equipment was trans-
ported to the azimuth and elevation sites, assembled, installed, and
mechanically aligned, On January 17, 1978, the Basic Narrow System
configuration arrived on a U,S, Air Force C-141 cargo transport aircraft,
was transported to its respective azimuth and elevation sites, installed,

and aligned on the following day, By January 20, 1978, both the Basic
Narrow and Small Community Systems were operational, It should be

noted that during this 5-day period, alternate heavy rain and snow conditions
prevailed., Due to weather conditions, flight check of the two TRSB system
configurations was delayed until early on the morning of January 24, priorvr
to the first demonstration flight,

The two azimuth subsystems were collocated and offset 85,5 meters (280.5
feet) north of Runway 22 centerline at a position 80, 9 meters (205.5 feet)
beyond the stop end of the runway. It should be noted that both the

U.S. TRSB and the U, K, Doppler azimuth subsystems, the latter tested
during September/October 1977, were offset from runway centerline
because of insufficient area behind the runway stop end for a normal

3 s,
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azimuth installation, The stop end of the runway is approximately 50
meters (164 feet) from Kristiansand Fiord with a drop to the water level
of similar distance. Due to the location north of runway centerline, both
TRSB azimuth subsystem antennas were mechanically aligned 0.5 degrees
offset from a normal antenna mounting position to provide the proper
radiation pattern alignment for a centerline approach path to the runway.
Because of prevaling and potentially increasing snow levels, the azimuth
antennas were set on their vertical mounting fixtures to the full adjustable
height, providing approximately 1.2 meters (4 feet) clearance from the
ground.

Figure 2 provides information on both Basic Narrow and Small Community
azimuth subsystem installations near the stop end of Runway 22. Figure 3
depicts the installation and site, while Figure 4 shows the equipment
shelter for the Basic Narrow azimuth subsystem electronics, located
approximately 33,5 meters (110 feet) north of the antenna enclosure. The
precision L-band DME was also housed within this shelter and its antenna
attached to the outside of the building. Small Community azimuth sub-
system electronics are located within its antenna enclosure, Figure 5
shows an overall view of the azimuth site with the Kristiansand Fiord in
the background.

The Basic Narrow and Small Community elevation subsystems were
collocated and offset 90 meters (295 feet) south of Runway 22 centerline
at a position 210 meters (689 feet) back from runway threshold. Both
subsystem antenna enclosures were mounted at their normal height from
ground level since their mounting fixtures provide approximately 0.76
meters (2.5 feet) clearance from ground level.

Detailed information on siting of the TRSB elevation antenna structure with
respect to Runway 22 is provided in Figure 6. Figure 7 shows the eleva-
tion site installations. An overall view of the site is presented in Figure 8,
with the Basic Narrow far field monitor antenna in the foreground. Figure
9 is a view of the area in front of Runway 22 showing the natural terrain
obstructions along the centerline approach to the runway as observed from
the elevation site at a position approximately parallel to runway centerline,
Figure 10 presents details of the horizon profile as measured from a
position between the Basic Narrow and Small Community elevation antenna
enclosures,




TRSB Operational Demonstrations and Data Acquisition Flights

The TRSB operational demonstration briefings conducted on January 23

and 24, 1978, were well attended. There were 54 persons from six

countries who formally registered and several other. who attended but i
. did not register. Approximately one-half of the attendees participated
f d in the demonstration flights. No demonstration flights were flown on
January 23, due to adverse weather conditions, but two were flown on
January 24. Six observers from the Norwegian Telecommunications
Administration, flew on a data acquisition flight on January 26, Table 2
presents a summary and Table 3 the schedule of events for the demonstra-
tion program.

An FAA Boeing 727 test aircraft, shown in Figure 11, was utilized for
demonstration and data acquisition flights. The demonstration flights on
Janaary 24, consisted of approaches to Runway 22 at 4~degrec glide slope
angle, Approaches were initiated 10 nautical miles from runway threshold
and terminated with a low approach and continued flight over the length of
the runway at a constant altitude. On the first demonstration flight, three
approaches were made on a course l-degree left of runway centerline.
Two approaches were made on the second flight, both on a course of 1-
degree left of runway centerline; however, due to inclement weather, the
aircraft descended only to 3,000 feet before leveling off for the continua-
tion of the run, Both Basic Narrow and Small Community System config-
urations were demonstrated on each flight.

SEBRISRERSAIRES SHESO S S

A total of 36 data acquisition runs were flown with the B-727 aircraft on
January 25 and 26. Flight details and TRSB configurations flown are
presented in Table 4,

' Some flight tests were also conducted by Norwegian and U,K. Civil Avia-
tion Authority personnel utilizing TRSB avionics equipment installed in
their respective aircraft. Sample data from the U.K. tests are included
in Appendix B. The U.K. data collection activity on TRSB was in accord-
ance with a bilateral agreement.

The prevailing weather during operational demonstration days was generally
bad, and had significant impact on the number of independent observers who
could witness performance of the TRSB system configurations. Improved
weather conditions on the 2 days devoted to data acquisition flights enabled
collection of performance data on the Basic Narrow System configuration,
Minimal performance data was acquired on the Small Community System.

A synopsis of each days weather conditions is contained in Table 5.

e




Airborne System

The B-727 airborne TRSB system consisted of dual angle receivers, course
direction indicators, and precision DME interrogators. Instrumentation
used for data acquisition consisted of a data multiplexer, digital data
recorder, analog video recorder, strip chart recorder, time code genera-
tor, VHF telemetry receiver/demodulator, and a modified UHF glide slope
receiver. The latter two listed items were required to receive the optical
tracker angle data transmitted from the TRSB ground sites. The interrela-
tion of the airborne TRSB system and instrumentation with the B-727 flight
control system is shown in Figure 12, The data instrumentation system is
depicted in Figure 13,

A wide angle, plus and minus 85 degrees, antenna mounted in the nose section
of the aircraft under the weather radar antenna, and an omni-directional
antenna mounted on the aircraft fuselage just above the center of the cock-

pit windshield (Figure 11), were available so that either could be alternately
switched to either of the TRSB angle reccivers installed in the test aircraft.
It should be noted, however, that for all of the data presented in this
document, except Appendix C, only the angle data from the TRSB receiver
connected to the omni-directional antenna was utilized.

Performance Assessment

Ground based tracking for the TRSB demonstrations was provided by two
different types of optical trackers used interchangeably at azimuth and
elevation sites as requirements dictated. Simultaneous tracking of azimuth
and elevation was generally provided for all flights. One of the trackers
was a manually operated radio-telemetry theodolite (RTT), used to trans-
mit azimuth or elevation angle position (depending upon its siting for the
flight) to the aircraft via a transmitter operating on an unused UHF glide
slope channel. The second tracking system (used to track elevation when
the RTT tracked azimuth or azimuth when the RTT tracked elevation) was
an optical electronic tracker manufactured by British Aircraft Corporation
of Australia, designed to automatically or manually track a light source on
the aircraft, Angular position data was telemetered back to the aircraft
on an available VHF frequency. Figure 14 depicts the TRSB ground equip-
ment and tracking systems.

During data acquisition flights, the portable tracker equipment were
positioned at the respective TRSB azimuth and elevation sites as follows:
Azimuth site on the antenna(s) radiation centerline directly below the




antenna enclosure of the TRSB system configuration under test; at the
elevation site, in alignment with, and between the respective antenna
enclosures.

In the aircraft, the received analog tracker angle data, azimuth and eleva-
tion, was subtracted from the TRSB azimuth and elevation angle data to
provide a measure of system error. In each case (azimuth and elevation),
the angle difference as well as tracker angle and TRSB angle were recorded
on light sensitive strip chart recorder paper on an analog recorder.
Additionally, airborne received angle data from the optical electronic
tracker in digital format was recorded together with TRSB digital angle
data and time code data on a digital recorder to facilitate greater flexi-
bility in data processing and analysis at NAFEC as required (see Appendix
C).

Figures 15, 16, 17, and 18 are data from airborne strip chart recordings
for four runs conducted on January 25, 1978, Each of these figures con-
tains a reproduced trace of aircraft tracked angle, TRSB receiver angle,
and the difference between the two (error), for both the elevation and
azimuth. For data presentation, small alignment bias errors have been
removed. The longitudinal axis of these plots represents range from
Runway 22 threshold determined by the TRSB precision DME located at
the azimuth site, ICAO error limit boundaries (refer to Table 6) for ''full
capability system'' configuration have been included on the figures as
shown.

Referring to Figure 15 which is a 2-degree left azimuth radial and 3-degree
elevation approach angle on the Small Community System, and Figure 16,
which depicts a 2-degree left azimuth radial at an elevation approach angle
of 2.5 degrees on the Basic Narrow System, it is apparent that both TRSB
systems are within the ICAO (AWOP) error limits of +0.1 degree in eleva-
tion and +0,076 degree in azimuth for the ''full capability system.' It is to
be noted that this is consistent with data obtained under instrumented range
conditions during enginerring acceptance testing of the systems earlier.

Data for the Basic Narrow System shown in Figure 17 represents a zero-
degree azimuth approach on a 4, 0-degree elevation approach angle, while
that depicted in Figure 18 represents a 1-degree left azimuth radial on a
4,0-degree elevation approach angle, Here again the TRSB system is
within ICAO error limits for the '"full capability system."
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Although data acquired on the TRSB Small Community System was limited,
its performance was demonstrated to be within the U,S, Phase IIl program
design requirements as well as the more stringent ICAO (AWOP) "'full
capability system'' requirements, Further, a review of the data acquired
on the TRSB Basic Narrow System shows it to be within i/ Phase III design
requirements as well as the ICAO (AWOP) "full capability system"
requirements,

The U.K. flew against the Basic Narrow System using TRSB airborne
receiver processors provided by the U,S, The U,K, designed the necessary
interface unit to record the TRSB data in their HS-748 twin engine turbo
prop test aircraft, Sample data plots obtained by the U,K, are shown in
Appendix B, Three separate plots, tracker, receiver output, and differen-
tial or error plots are presented by the U K, for cach data run, The U,K,
data contains "extrancous spikes' which are not normally seen in TRSB

data and are believed to be caused by the recorder interface equipment
aboard the U,K, aircraft. Appendix C contains sample plots of TRSB digital
data recorded in the U,S, test aircraft at Kristiansand, These plots do not
contain any '"extraneous spikes.' Therefore, for data presentation papers,
an additional plot has been added for each run of U,K, recorded TRSB

data (three U,K, plots plus one) with the "spikes" removed, In the review
of the U.K. data, it should also be noted that oscillations are very evident
in the tracker data and can be seen in the corresponding system error plots.

The U,K, error plots of TRSB data and the additional clean plots without
"spikes' show that the performance of the TRSB Basic Narrow System

configuration is within ICAO error limits for the '"full capability system,"

SUMMARY OF RESULTS

Two TRSB system configurations are discussed in this document; the Small
Community System, which is representative of a simple, economical TRSB
version, and the Basic Narrow System, an economical TRSB hardware
design similar to the Small Community System, but with greater volumetric
proportional guidance coverage and smaller beamwidths., In addition to the
economical design feature, the information on these two system configura-
tions presented herein indicates:

1. Performance of both TRSB system configurations was within ICAO
(AWOP) '"full capability system'' requirements,
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2. Sample data provided by the U,K. (Appendix B) on their TRSB
flight tests at Kristiansand, indicates that the Basic Narrow System is
within the ICAO error limits for the ''full capability system.,"

3. Both TRSB system configurations were demonstrated to exceed
their respective Phase IIl design requirements,

4. Both TRSB system configurations required minimal site prepara-
tion and installation time.

-

5. The successful operational performance of the two TRSB system
configurations at Kjevik Airport demonstrated the capabilities of each
system design for application at airports with difficult weather and terrain

conditions,
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TABLE 2.
SUMMARY STATISTICS

' TRSB operational demonstrations/data acquisition effort--Kristiansand,
Lf Norway, January 23 through January 26, 1978.

Registered Visitors

January 23 (Press) 5
(TV) 1
(Other) 31
! January 24 17
Total 54 (plus several others who failed
to register)
Flight Demonstrations, B-727 Observers
January 23 (cancelled due to weather) | §
January 24 20
January 26 6
Total Observers 26 {3

Countries Represented

|
; Norway 40
‘ Sweden 6
Denmark 3
E | Spain 2
E | United Kingdom 1
United States (Embassy attachee) 2 |

Total 54




TABLE 3.

SCHEDULE OF EVENTS

UNITED STATES OF AMERICA

TRSB DEMONSTRATION PROGRAM

KRISTIANSAND, NORWAY

January 23 and 24, 1978

TRSB Presentation 0900
Introduction
TRSB Film
TRSB System Hardware
ICAO/AWOP MLS Program
Questions and Answers
Visit to TRSB Ground Facilities 1030
TRSB Flight Demonstrations:

January 23 1030

January 24 0900

1300

1300

1330
1430

1230
1330
1430

Note: The program schedule was flexible and was adjusted to accomodate
visitors,
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TABLE 5

WEATHER SYNOPSIS FOR KJEVIK AIRPORT
KRISTIANSAND, NORWAY

JANUARY 23 THROUGH 26, 1978

January 23, 1978

Temperature at 7:00 am was 35°F and pressure 1007, 3 millibars. Overcast,
clouds 2, 000 to 4, 000 feet, with early morning snow beginning about 9:00 am,
continuing throughout the day lowering ceilings to zero and visibility to 1/4
mile at times, Snow was continuous and mostly light; however, heavy at
mid-day. Visibility remained 3 or less into the nighttime hours with ceilings
above 3,500 feet., Wind direction was variable, but mostly east to southeast
with speeds from 0 to 11 knots.

January 24, 1978

Temperature at 7:00 am was 32°F and pressure 993.4 millibars. Overcast,
clouds 2, 000 to 4, 000 feet in the early morning with visibility of 20 miles.
Snow began about 3:00 pm and continued to midnight. The sky was obscured
from the beginning of the snow to midnight. The visibility was reduced to
1-1/8 miles. The visibility increased, however, did not reach 3 miles through
midnight., Wind direction was mostly east 8 to 16 knots.

January 25, 1978

Temperature at 7:00 am was near freezing and at 7:00 pm, was 26°F. Over-
cast skies with ceilings above 2, 000 feet the entire day. Period of light snow
from 7:00 to 8:00 am; visibility at this time was above 5 miles; the visibility
improved throughout the day to 13 miles or more. Pressure at 7:00 am was
993, 5 millibars, Wind direction was mostly north to northeast at 0 to 12 knots,

January 26, 1978

Temperature at 7:00 am was 23° and pressure 999.3 millibars. Temperature
at 7:00 pm was 23°F and the pressure was 1001,5 millibars. Scatterted to
broken clouds with ceilings above 2, 000 feet and visibility above 12 miles
during daylight hours, Very little change in ceiling height toward midnight;
however, clouds increased and a period of light snow began about 8:00 pm and
continued to midnight, Ceilings became overcast at that time, but visibility
remained above 5 miles. Wind direction was mostly east to northeast with
speeds from 0 to 5 knots,




CAPABILITY CONFIGURATION ERROR LIMITS

TABLE 6.

ICAO (AWOP) FULL AND REDUCED

AWOP
System
Configuration

Reduced Capability
(Elevation)

Reduced Capability
(Azimuth)

Full Capability
(Elevation)

Full Capability
(Azimuth)

Distance
to Error
Window (Feet)

4,000

10,000

1,145

15,000

Permitted Error (2 Sigma)

Feet Degrees
+10 0.14
+0.10 noise
+0.10 bias
+40 +0.23
+0. 16 noise
+0. 16 bias
+2.0 +0.10
+0. 07 noise
+0, 07 bias
+20 +0.076

+0.054 noise
+0. 054 bias
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ELEVATION ERROR-DEGREES

AZIMUTH ERROR-DEGREES

- PRI I A s F o st d
M

KJEVIK INTERNATIONAL AIRPORT

KRISTIANSAND, NORWAY
DATE: 1-25-78 RUN:3
"AIRCRAFT: FAA B-T27
AZ: 2°LEFT EL:3°
TRSB: SMALL COMMUNITY

TRACKER ERROR

ICAO (AWOP)
“FULL CAPABILITY SYSTE

J— -
C—

FIGURE 15.

1 1

2 3
GROUND RANGE FROM THRESHOLD-— NAUTIC1
SAMPLE DATA PLOT FOR TRSB SMALL COMMUNITY




KJEVIK INTERNATIONAL AIRPORT
KRISTIANSAND, NORWAY

DATE: 1-25-78 RUN:3
AIRCRAFT: FAA B-727

AZ: 2°LEFT EL:3°

TRSB: SMALL COMMUNITY

TRACKER ERROR

EL TRACKER ANGLE

ICAO (AWOP)
“FULL CAPABILITY SYSTEM"

ZAZ TRACKER ANGLE 4

b

J
3

RANGE FROM THRESHOLD— NAUTICAL MILES

DATA PLOT FOR TRSB SMALL COMMUNITY SYSTEM CONFIGURATION o

| 1 ;
4 - z
78-17 '
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“FULL CAPABIL!
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FIGURE 16. SAMPLE DATA PLOT FOR TRSB BASIC
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EL TRACKER ANGLE

e -
T g EL TRSB ANGLE
v\ Z7 N -~
, W, W, ~
ICAO (AWOP)

“FULL CAPABILITY SYSTEM

AZ TRACKER ANGLE

KJEVIK INTERNATIONAL
KRISTIANSAND, NORWAY
DATE: 1-285-78 RUN: 19
AIRCRAFT: FAA B-T27
AZ:2°LEFT EL'2.5°
TRSB: BASIC NARROW

AIRPORT

- Z e —
AZ TRSB ANGLE

S — —— \

e —

1 1 |
3 4 & j
THRESHOLD - KAUTICAL MILES 78-17
FOR TRSB BASIC NARROW SYSTEM CONFIGURATION
5 43 Sl
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FIGURE 17. SAMPLE DATA PLOT FOR TRSB BASIC NARROW




KJEVIK INTERNATIONAL AIRPORT
KRISTIANSAND, NORWAY

DATE : 1-25-78 RUN: 2]
AIRCRAFT: FAA B-T727
AZ: O° EL: 4°

TRSB: BASIC NARROW

KER ANGLE
~— M
Z;L TRSB ANGLE
EL ERROR
L ]
ICAO ( AWOP)

“FULL CAPABILITY SYSTEM"

AZ TRACKER ANGLE

AZ TRSS ANGLE

e g g~ R < -
| | k|
3 4 5
FROM THRESHOLD-NAUTICAL MILES 73';;

TA PLOT FOR TRSB BASIC NARROW SYSTEM CONFIGURATION
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EL ERROR
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| 2 3 .
: GROUND RANGE FROM THRESHOLD-NAUTICAL MILES

FIGURE 18. SAMPLE DATA PLOT FOR TRSB BASIC NARROW SYSTEM CONFIGUR




RJEVIK ITERNATIONAL AIRPORT
RORWAY .

DATE: 1-25-78  RUN: 22

ARCRAFT: FAA B-727

AZ IPLEFT  EL @

TRS3: BASIC NARROW

A O\ ™ R S S S S S )
EL ERROR . '.
-
ICAO ( AWOP)
“FULL CAPABILITY SYSTEM"
X g v —, S . e
-4 r — - E— .-—.-— - - .-— el
L R — -~
AZ TRACKER ANGLE
i _ 'ZAI ERROR
! , I ¥ L) \
. 4 s : 6
SHOLD-MAUTICAL MILES 7817

B BASIC NARROW SYSTEM CONFIGURATION
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MICROWAVE LANDING SYSTEM (MLS)

PSR
=

Sitpmtnaa
e —
A Y

MLg (Microwave Landing System)

ANEW APPROACH AND LANDING
SYSTEMISNEEOED THAT
PROVIDES VOLUME TRIC COVERAGE
FOR FLEXIBLE PATHS IN
APPROACH, L ANDING, AND DEPARTURE ,
AND HAS THE ADVANTAGES INHERENT
WITH OPERATING AT MICR OWAVE FREQUENCIES
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TIME REFERENCE SCANNING BEAM
(TRSB) MLS IS AN AIR-DERIVED
APPROACH AND LANDING SYSTEM. An
aircraft can detercyne 11s position in space
by miakng two anale measurements and a
range measurement, A simple ground-to-aif
data capability provides airport and runway
dentitication and other operational data
(such as wind speed and direction, site data,
and system status),

FAN BEAMS PROVIDE ALL ANGLE
GUIDANCE (APPROACH AZIMUTH,
ELEVATION, FLARE, AND MISSED
APPROACH). The TRSB ground transmitter
supplies angle information through precisely
timed scanning ot its beams and requires no
torm of modulation. Beams are scanned
rapidly “to’ and "“tro” throughout the
coverage volume as shown below. In each
complete scan cycle, two pulses are received
in the aircraft—one in the “"10" scan, the
other in the “fra’ scan. The aircraft receiver
derives its position angle directly from the
measurement of the time difference between
these two pulses,

SCANNING BEAM CONCEPT

AZIMUTH BEAM

TRSB beams are scanned tapidly “to™ and “tro”

(back and forth for azimuth, down and up for
elevation) at a precise rate

A-2

I 4
| 4

RANGE IS COMPUTED IN THE CONVEN- |
TIONAL MANNER. TRSEB: opoees 1o use

L-Band Distance Measurina EQuipment

(DME) that is compat ble with ex )

navigation equipment. It prov de oroved

accuracy and channelization capabi! tes

The required 200 channels can be mads

avatlable by assignment Or sharing of existing |

channels, using additiona! pulse

plexing. The ground transponder is ty Dicaily
collocated with the approach az mutt
subsystem,

NOTE: The DME (ranging) tunction 1s not
discussed in detail because 11 s independent E
of angle guidance subsystems and theretore ;
is not critical to the description of TRSB.

ELEVATION BEAM
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TRSB USES A TIME-SEQUENCED THE TRSB FORMAT PROVIDES FOR
SIGNAL FORMAT FOR ANGLE AND CURRENT AND ANTICIPATED FUTURE
DATA FUNCTIONS. Angle and data REQUIREMENTS. Included are

tunctions (that is, approach azimuth,

elevation, flare, missed-approach guidance, ® Proportional azimuth angle guidance

and auxihary data) are sequentially 10 +60° relative 10 runway centerfine
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 renewed 13.5 times each second.)

with 300 KHz spacing between channels,
However the format is compatible with
Ku-Band requirements. (Note DME is an
independent function on a separate
frequency and i1s not a part of this format.)

® Proportional missed-approach azimuth
o
guidance to #+40° relative to runway
centerline at a 6,.75-Hz update rate

o Proportional efevation guidance up to
30° with a 40.5-Hz update rate
THE SIGNAL FORMAT IS DESIGNED TO
ALLOW A MAXIMUM DEGREE OF ® Flare guidance up 1o 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,
This tHlextbility is made possible by a
tunction preamble identification message.
This message sets the airborne receiver to
measure the angle or decode the data
function that will follow. The ordering or
timing of transmissions, therefore, is not
important. This flexibility permits individual
functions to be added or deleted to meet
specnfic airport requirements. 1t also permits
any TRSB airborne receiver to operate with
any ground system, The only requirements
are that a minimuen data rate {mimimam

® 360° azimuth guidance with a 6. 75-Hz
update rate

Missed-approach or departure
elevation tunctuon with a 6. 75 H:
update rate

® Basic data prior to each angle tunction
(includes function identification,
arport identification, azimuth scale
factors, and nominal and/or minimum
selectable glide stope)

number of to-fro time-difterence measure. e Auxiliary 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

example of two 64-millisecond sequences of

a configuration that utilizes all available ® Ground test signals
functions is illustrated below,
® Avatlable time for other data and/or
additional tuture functions,
§ x x <& & 3 7 x | 3 ]
- § PR g% 2 -4 ox 9 <
e wisl 235 o3 <{w«lf{<fe 35 < <fw
> 3 ; g 3 30‘ ;O, R s g 0; gl3 R N l <
& | o “ s a |w w
dl| 2 b HEIR R EEIRIEIR IR & il % 2208
" 5 " °0 100

0 2 » 64 85 . 29
‘\\ TIME (MS) e
APPROACH
/ @(UVAHUN FLARE LAy

DMt
MISSED
APPROACH
AZIMUTH

The TRSB signal offers maximum Hexibility
10 MERT UNIUE USET TEQUITeMents




TRSB OPERATES EFFECTIVELY IN
SEVERE MULTIPATH ENVIRONMENTS,
TRSB offers several unique solutions to the
multipath problem that has limited the
implementation of other landing systems.

THERE ARE TWO TYPES OF MULT!-
PATH. Multipath occurs when a microwave
signal is reflected from a surface, such as an
airport structure, a vehicle, and certain types
of terrain. The resulting reflected beam is
classified as either out-of-beam multipath or
in-beam multipath, depending on its time of
arrival in the aircraft receiver relative to the
direct signal,

REFLECTED SIGNALS

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

TIME
AMPLITUDE GATE

o

MULTIPATH DIRECT
SIGNAL SIGNAL
—
TIME

Time gating ensures that the
correct signal is tracked, not
the reflected one

A-4

IN-BEAM MULTIPATH. When the reflected
and direct signals reach the aircraft almost
simultaneously (the angle of arrival is very
small), multipath is said to be in-beam,
TRSB combats in-beam multipath by

L] Shaping the horizontal pattern of the
elevation antenna 1o reject lateral
reflections

L4 Motion averaging, by utilizing the high
data rates of TRSB

L Processing only the leading edge of the
flare/elevation beam, which is not
contaminated by the ground
reflections.

COVERAGE CONTROL IS AVAILABLE
TO ELIMINATE MULTIPATH AT
EXTREMELY SEVERE PROBLEM SITES.
Any MLS system will experience acquisition
or tracking problems in those cases where
the reflected signal is known to be persistent
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
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.

SELECTIVE COVERAGE
CONTROL

By simple programmina, the scan
sector can be adjusted 10 prevent
undesired obstacle retlections




TRSB IS A MODULAR SYSTEM WHICH
CAN BE CONFIGURED TO MATCH THE
NEEDS OF THE USER. A set of phased-
array subsystems has been designed that may
be installed in any combination to meet the
broad range of user requirements.

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

available, as indicated in the table below,
from which a ground configuration can be
designed to provide guidance signals-in-space
of uniform quality in all airport environ
ments,

NOTE: DME is an independent subsystem
which is combined with appropriate azimuth
and elevation subsystems to make up the
total guidance system,

GROUND ANGLE SUBSYSTEMS

sus- NOMINAL | COVERAGE
SVSTEM BEAMWIDTH (DEGREES) PRINCIPAL APPLICATIONS
(DEGREES) .
Azimuth 1 Up to +60 Approach Azimuth, Long Runways
Azimuth 2 Up to +60 § Approach Azimath, Intermediate Length Runways
Azimuth 3 Up to +60 | Approach Azimuth; Short Runways
Missed Approach Azimuth
) Elevation 0.5 Up to 1§ Flare
L}
[ Elevation 1 Up to 30 Elevation
$ (Severe multipath sites)**
{
{ Elevation 2 Up to 30 Elevation
(Less severe multipath sites)**

Phased Array Azimuth Antenna installed
at the National Aviation Facifities

. Experimental Center, Radome is rolled
back to expose radiating elements,

2% s

*  Coverage determined by Beam Steering Unit (BSU) tor all arrays,

*+ See multipath discussion.
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AIRBORNE RECEIVER DESIGNS ALSO
STRESS THE MODULARITY CONCEPT.
Users need only procure what is necessary
for the services desired from any ground
facility. To obtain approach and landing
guidance at the lowest cost, an aircraft needs
only an antenna and a basic receiver-
processor unit operating with existing I LS
displays. An air-transport category aircraft
equipped for operation to low-weather
minimums will carry redundant equipment
and, in the future, advanced displays to fully
utilize all of the inherent operational
capabilities provided by TRSB.

The 200-channel TRSB angle receiver-
processor provides angle information from

the scanning beam azimuth and elevation
subsystems and decodes the auxiliary data
for display. Special monitoring ensures the
integrity of the receiver output.

A second airborne unit is the DME. It is
channeled to operate with the angle
receiver-processor and provides a continual
readout of distance.

Both the angle receiver-processor and the
DME provide standard outputs to existing
flight instruments and autopilot systems. An
optional airborne computer would be used
to generate curved or segmented approaches
based on TRSB position information,

AIRLINE TYPE AVIONICS

GENERAL AVIATION TYPE AVIONICS

A-6
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TRSB CAN PROVIDE ALL-WEATHER
LANDING CAPABILITY AT MANY
RUNWAYS THAT PRESENTLY DO NOT
OFFER THIS SERVICE. This is made
possible by

® The proposed channel plan, which
contains enough channels for any
foreseeable implementation

® High system integrity and precision

® Minimum siting requirements,

THE LARGE COVERAGE VOLUME
PROVIDES FLIGHT PATH FLEXIBILITY,
Transition from en route navigation is
enhanced through the wide proportional
coverage of MLS. Such flexibility in
approach paths, coupled with high-quality
guidance, can be used to achieve

® Improvements in runway and airport
arrival capacity

® Better control of noise expasure near
arrports

® Optimized approach paths for future
V/STOL aircratt

® Intercept of glide path and of runway
centerline extended without overshoot

® Lower minimums at certain existing
airports by providing precise
missed-approach quidance

® Wake vortex avoidance tlight paths.

THE TRSB SIGNAL FORMAT ENSURES
THAT EVERY AIRBORNE USER MAY
RECEIVE LANDING GUIDANCE FROM
EVERY GROUND INSTALLATION.
Compatibility is ensured between facilities
serving international civil aviation and those
serving unique national requirements.

TRSB SPANS THE ENTIRE RANGE OF
APPROACH AND LANDING OPERA-
TIONS FOR ALL AIRCRAFT TYPES. This
includes CTOL, STOL, and VTOL aircraft
operating over a wide range of fhight protiles,
The particular needs of users, ranging from
general aviation to major air carriers, are
accommodated. TRSB is adaptable 10 pecial
military applications, such as transportable
or shipboard configurations on @ compatible
basis with civil systems,

HIGH RELIABILITY, INTEGRITY, AND
SAFETY OF TRSB ARE ENHANCED BY
SEVERAL IMPORTANT FEATURES.
These include

® Simple TRSB receiver processing

®  Multipath immunity features on the
ground and in the airborne receiver
processor

L] A comprehwmve monitoring system
that verifies the status of all sub-
systems and the radiated signal. Status
data are transmitted to all aircraft six
times each second.

® (Coding features, such as parity and
symmetry checks, that prevent the
mixing of functions.

TRSB PROVIDES CATEGORY-11l
QUALITY GUIDANCE. TRSB signal
guidance quality has already been proved via
demonstration of fully automatic Lafinas
including rollout, in a current ¢ o il

transport aircraft (Boeing 737) and an
executive jet (North American Sabirelinoe

S

TRSB provides precision guidance for curved and

segmented approaches for noise abatement and
tratfic separation, as well as for autoland and
rottout

34

v




oot A ! e i 0 Lo RN o e o AR s L A T s e

e e

e

APPENDIX B

f | U.K. TRSB DATA




e ——

.,

c1-9-L1-8L 1334 00HS3YHL WO¥S 39NYY ONNO¥I OI0HS3HHL A/d ' L
g2eY2 gve8l g3t z8ze e m
) — —t + - |
2y 2°E 22 L A
WN . . x
: S334933 .
\ gt T 9 e-

THIS PAGE IS BEST QUALITY PRACTLCARLE

FROM OOPY FURNISHED IQ DDC e
N
N
|
FPMHIVAIL

’ .
1
an
X { - S -
trees > ) i
i 4
f Q
i I
m
27
3
0
S !
T e
”
-
‘ c
¥ - 37oNY NOILYA3T3 @ - 3IONY HINWIZY | lgg *
€2 - SN NN¥ &3 - ©N 1H9I74 =~
121d - ¥2AI1333Y 8L/1/82 - 3iva
MONMYN JISVE - ¥3LLITWSNYEL Z¥4 = ALITI3vVS

22 M/¥ S "ONVYSNVILSIEA
W31SAS WY38 ININNVIS 33N3¥333d 3WIL SN

————

e T B L o |
. & " P! o Al de - s - ,
" & i pr—— s i il




|
)
-
rp
:
E i
i)
3 i

el

1TY PRACTICABLE

m
- T>B
o ;
T -
m ¥ = 379NV NOILYA3T2 G - 3TISNY HInAIZY -
v EC - ON NO¥ S8 ~ o 1Hgin4 gy
oy 131d - ¥3SAI35=y 8L/ /9c = 31¥3
mv_.. ACYEYN JISYE -~ ES11IVSNvYl N3 = ALTIT3VI
=38 2T M/¥ S "ONYSNYILSIxy
mm W3LSAS #Y3E SONINNYIS ION3¥SS32 SWILl SN

B

Q

JMIAAT N

HTIAONY

-

WaeN

WL v

YI-S-L1-8L 1334 TTICHSZSYHL #WOZZ SONVYE CNNC¥S OICHSINHL M/8 ¢ L
g2eYe zvzet geizt zezs e
2y 2 e g2 g 1 z %
PIN
SZ3z030
5 T3s°2-
m
|
Tvc-

B2

I
e




C1-G-110L 1334  OTOHS3¥HL WOd3 39NV ONNO¥9 OTICHS3EHL LI
.. @2EY2 gvesl gg1z1 2829 2
S = —_————- — — — —
- By g°€e g2 21 ¢z
3 WN .
Fiy $335C30
m 4 , TEZ
& d : : |
($]
i) . |
o = . 2
=5 : 2
" - {
3 | |
o i &
w ..r 7]
) / =~ : i <
»n | a .
- 2/)#% | Al Ty oAl mf(); ni . a2 K
>4 Y- U-N-NMiL1 AL el AAW . v, ,a . J..+ s [ iz
%3 __ J?, g Ty 5\.3.‘ t ,_% ,J (Y . -
» w < ] ;. M * n .
B i iy e | L8
- ” __ } H . 0
— * e m m i # i
o A .
= i . |
a bows
‘ .._- c'e
. : {
y - FIONY NOILVAITZ @ - FTONY HLNWIZY | -
€C - °N NOY SG - ©N 1HSITd ;
131d - E3A1323+ eL/tree - 31vda
MON¥VN J1ISY8 - ¥3LLIWSHYEL Z¥4 = ALIISv4
22 M/¥ S TOMYSNVILISINMY
W3LSAS WY38 SNINNVIS 3ICN3¥Z33d8 3WIL SN .




91-49-L1-8L
1334 QTOHSIYHL NWOYM4 3IONVY ANNOYS GOHS3YHL M/Y = 0
00¥»0¢ ozgve ov28l o9iet 0809 0'0
— —- ¢ + + —
0's o'v o't 02 o't 0°0
NN
$334930
T € 0~
+ 20~

ACe !

B-4

HONH3 WNW3ILSAS

] -2
g8 |
2 3 ;
i =
b &~ JN3LSAS ALNIBVAYD 1Tn4, 4+ 20
¢ 4 (dOMV ) OVOI
% 1724
. @
mm ¥~ 319NV NOILVA3ITI 0- 3TNV HINWIZV il ¢o
, A €0 - 'ON NN¥ g0- "ON 1H9INJ
g - 101d - ¥3A1303¥ 8L/1/92 - 31va
& MONYVN JISVE - ¥3L1INSNYYL Zvd - ALINIDVS

22 M/Y8 S ONVSNVILSINN
W3LSAS Wv3E ONINNVOS 3ON3¥343¥ 3WIL SN

R —



THTS PAGE IS BEST QUALITY PRACTICABLE

o wur ¥ FURNISHED TODDC o 7

L1-9-L1-8L 1984 GICHSIYHL WOMd4 39NVY ONNOY¥D. OTCHS3¥HL M/ * L
.Q3vCE ceve Gresl gatet 280

m m | B s FRUSP — -+ —
Qv @€ g2 01

. 8°S

1

€ - FUONY NOILVAZTI
¥g - on NNy
181d - ¥3AT3I3Y
MONNVN J1SVE - mmkkaxmz<mp
Nu
W3LSAS L«Lm OZHQZ\UW m07mmU¢mx IsIl SN

€ = 379NV HINWIZV
Sg - ©N 1HSITd
8L/1/92 ~ 31va
ZV3 - ALITIOVS

/4 S TONVSNYILSTHM

q

«Q

IMOVNL

ANV

o A

WMivo

B-5

,...m.\_




&

el ki iovdiae

1334 O0HSIYHL

ACHS SONVYY CHNQ¥S
gceve gvest '

OTCHSHYHL A/8 * L
Z839 3

— e — "

THIS PAGE IS BEST QUALITY PRACTICABLE

"
~+ |

g-°v g°E

€ ~ S79NY NOILYAZTZ

P2 - N NG
161d - ¥3AI3Z23Y
MO¥AYN JISYE - ¥ILLIVSNVYYL

e ATd 5
AILSAS WY38 THINNYIS JONF

———

T -_37ONY HinwIzv
S3 - °N 1HSITd
L/1/92 - m»<a

Z73 - ALITIOVY
“ONYSNYILSTEM
dd-42d SWil SN

+ —
-1 e 02
S33¥8932

- m-ul

,\52 T 2 8-

W

i w
e G —t g
! tze

i H

i

: :
Tree

|

. 3
52

MUATINDIA[Y

ANV

MLV A0

TR

- w
A

T

B-6

B




- T E— L . T TR VTR

1334 gICHSINHL WONd 3ONVY ONNO¥O

QOHS3EHL /8 * L

&%

QUALITY PRACTICARLE
g

jvi ¥ FURMLSHED 19 DDC

.
- g —————— - —

ce KN/Y¥ S DZ«mZ/usmHW_Y_
W3ILSAS W¥Y38 ONINNYIS FINIL3 339 3AI S0

1 .. [ W:{Té /
| 4 ¢, gch a?,;% W \r- \\
. ) TN TAL AL

- @ 7,;._ W <« 33/? :. FQ. ..

! 8 = ! i !
q 3 m ’ :

3 - : { ;
- EE W .“

5] % 1 | $

Al $ ‘ | !

_M : i : “

" ; ¢ i !

1 ! h | :

E ) $ 3

& [} .

| ! ) :

1 S ‘€ - m;uz<aznuwu>u4m a -mWJuzuax¢mmwmu

) v - "o - ON iHII

_M 1014 - N3IAIFIZY 8./1/92 - 3lva

, MONNYN JISv8 ~ ¥3LLTASNVEL 2vd - ALITI3vV4

61-9-L1-8L
| uau¢sm gzeve gyest gor2t 2829 o]
e e o et s e e it - —t - = . —
| 2°s QY @ € _ Q-2 2t .
_ o S33¥930

" .J

?2@?& khad

———e

P

.

i .-
m
(2

4%
" #373
£ 1
A &
mo/A &
z =
__n__...
2
Z
0
/i




.

-

0Z-9-L1-8L

; 1334 QTONSI¥HL NWO¥4 3IONVY ANNOHO GIOHS3YHL M/Y = *
00%0¢ o2eve ovzsl 0o9iei . 0809 00
= = + — + )
o's (o }8 J . o't 0*2 0°1 0°0
- S334930
: g €£°0-
+ 2°0-

THIS PAGE IS BEST QUALITY PRACTICABLE

FROM COPY FURNISHED TO DDQ e

JANILSAS ALINGVYdYD 17nd,
(dOMV ) OVl

€ - 379NV NOILVA3T3 O - 379NV HINNIZV

$0 - 'ON NN¥ GO~ "'ON 1H9IT4

10Id - ¥3A1303¥4 8L/1/92- 31v0

MOYYVYN J1SVE - ¥ILLINSNVYNL Zvd4 - ALITIDVY

22 M/Y S AONVSNVILSI¥N
W31SAS Wv38 ONINNVIS 3ON3H343H 3NWIL SN

e e S — -

HONYI NW3ILSAS

B-8

.

R mn———




‘

LAL

THIS PAGE IS BEST QUALATY PRACTICABLE »
FROM COrY FUiuwionsD TODDG

v

12-9-L1-8L 4335 OT0HSSHHL WO¥d 3SNVY ONNCY¥I OOHS3%HL M/y * 1

\ gOveE . @2evS By281 gorzt - 2803 ]
?‘ - " — s v — s e e — - v v— & —— : 4
2°S maw ge - @2 ; 2°1 z°0
¢ ) . e S33¥930

W . Sy 8 "8~

WG >y

v

€ - IONV NOILYAZT3 7€ - S1ONYV HINWIZV v R LN = g
80 -_°N_NNY €0 - °N 1H9IT4
181d - ¥3AI3I3Y 8L/1/52 -_31vd
MO¥NVN JISYE - ¥3LLIWSNVL 173 = ALITIOVE .
22 M/¥ S "ONVSNVILIST¥MA : : '
W3LSAS Wv38 ININNVIS 3ON3¥343d SWIL SN

IMOVHL

N3 |

HALVYAO WOoXMS 3TSNY

B-9




L S s < b SR
.

5 .
‘M 2Z-G-LT1-8L 1334 O I0HS3Y¥HL WON¥S 3INVY ONNO¥3 O0HS3N¥HL M/¥ ¢ L
. Qeyoe B2EYS gv281 @S121 2829 2
3 - + : + s — + - -1
2°S szre Q€. @2 . 21 22
% = 4 : S$33¥930
} p . : . . T 98-
: S -
: 2
2 ;
3 _ T.279= m
4 _ ” < (=]
J P
2 - 4 m
a %: B‘é< ( ~ a CQ v
1
- Z
‘ | &
¢ r
1 Pt o m
! Wl HN R~ o
% i %
i i 0
. m ¥
; v'8 g
w. £q Lt
‘ g8 . , E
§ od € - 379NV NOILVA3]3 7€ = 37ONV HIAWIZV : | ~g@°
! & 93 - oN NN¥ €0 - °N LHOI4 :
K m 131d ~ ¥3AI3I3¥ 84/1/52 - 31v0
! MONNVN JISVE - N¥3LLIWSNVHL 113 - ALINIDVS
_ < 22 M/8 S "ONVSNVILSI¥M 4
m Mm W31SAS WvY38 ININNVIS 3IINI¥353d INIL SN . ~




L i ool

1334 00HS3Y¥HL W04 39INYH ONNO¥J

0I0HS34HL M/ * &

v w«-?z-ﬁ
* @2YeEe g2eve gveslt o121t 2828 2
Ac ~ + —s + —
"B°s e 2°€E 5 21 Z B
g S3349=0
- , S
- | : )
-L“ L W — ,II.N .,
3 | 4
m {: ; | " _ t° .Ah.m..
ER | “ q i B
Se |0~ B | Faine e
s 1 cm S 5
oq . : Bt RO RS e (o N [ 8 ) o P 4 - b3
4 I T AT el U et v LB
i h 1) e
” mN ) ¥ ;i s_ w b
i ]
8 x tve %
=3
EE
. b
T2
€ ~ JIONV NOILVA3T3 . 7€ = 319NV HINWIZV \ 1 0" ]
g2 - °N Nn¥ €3 - ©N 1H9IT4 E
101d ~ ¥3AI323Y - 8L/t/s2 - 31va .
MONNVN 3ISVE - ¥3ILLIWSNYHL 173 - ALITIDY3
22 M/¥ S "ONVSNVILSI&H
W3L1SAS WVY3E ININNVYIS 3IN3¥343y 3WILl SN 2
e bae W




9Z-9-L1-8¢
1334 QIOHS3IYHL WOHJ 3IONVY ONNOYO GTOHSIUHL M/ = §
00%0€ ozgve op28!) o9i2! 0809 00

— + t + t -

0's o' o€ 02 0°l 0’0
NN

$334930
T £°0-
+ 2°0-

HO¥N3 W3ILSAS
B-12

—— ] -o

8 T
B

Eg I

MN

JNILSAS ALINIBYHYD N4, 20

(dOMV) OVDI

€ - 379NV NOILVA3IT3 7€ - 319NV HINNIZV
90- 'ON NNY €0-"ON 1H9IN4

10ld - ¥3A1323Y 8L/1/52 - 31vQ

173 ~ ALITOVY

MONYVYN JISVE - HILLINSNVYS
22 M/H S AONVSNVILSIYN

W31SAS WV38 OSNINNVOS 3ON3¥343¥ 3NWIL Sn

THIS PAGE IS BEST

FROM




e =R S

LN s s 1o

giso

© D szeget1-aL 1534 OI0HS3ZL ®O¥3 JIONVE ONNCED CICHSSNHL M/Y * L
= o BIVOE g2EY2 avest C8121 ¢80 o]
£ e 2y Q€ 22 -1 20
R . S33930
m - m p@[
<. \
o d
rA -
q .
m TV B-
1 \
Eq
&
: T 2 B-
sm

I8 PAGE T

Flvk vy

¢l .r.:ml!\l i

€ - 39NV WNOILY¥ASSI O - = ONY HITWIZV
v8 - °N NN €7 ' oN IHSITZ

181d - ¥3AI5339
KO¥YYN JISVE ~ ¥3L11IAWSNVEL 173 - A1IT1JVY3

A 22 M/¥ S °ONYSNVILISINA
W3LSAS WY38 ININNV3S 3IN3I¥3I438 3WIL SN

8L/1/82 - _31va -

Tveg

ANMONY 23HMOVEHL

HWALVYI WO

B-13

IR ot
Yoy




1334  Q070KS3¥HL WO¥d4 39NV ONNCYI QM0OHS38HL M/8 ¢ L

1 0g-4-L1-8L
3 22yoe g2EY2 zyest o121t *. g8g9 2
o m e —— -+ + ——t —_
2°S szu,. 2 € @ -2 21 22
i ; S33¥930
| g ‘0-
*. \
‘ _ T vo-
A i
! i b
| M 25T
“ ! : .ﬁ c ‘G- m -
» t ] <
; ' " m .
3 ! N bl '
W B o
i r
1 - N .s 3
1 3 ._. n
i m i 5
E13 o
| 58 Tre o
= _ >
i o 4 -
) | . g
™ € - 379NV NOILVAST3 @ - 319NY HINWIZV | ~og ~
" w8 vg - ON Nn¥ €3 - °N 1lHSITd
“ 121d - ¥3IAI323 8./1/52 - 31v0
8z MCHNYN 3ISvE - ¥3LLIWSNVEL 113 - ALITIOVS
1 =8 22 M/¥ S TONVSNVILSINA
f mm W3LSAS WVY3E 9ININNVYIS 3IINZH¥IS5H SNIL Sh P




IS PAGE IS BEST QUALITY PRACTICALLE
FROM COFY FUluvl oD TODDG o

V
3
16-G-L1-6L 1334 0I0HS3NHL WO¥3 3SNVY aNNOYHI UTCHSZNHL M/7¥ ¢ L R
goYeE g2Er2 By28l @912t . 0829 4% . |
) c—t +— + = =3
8-S g x C°E ez S cB
' e S33¥S30
: ._. € "B~
!
B
‘ " ] _« ! t2-8-
. _ m . | :
H ! * : _.m | i | m I
i ; - ! b s i®
W f A” L1 ] -8 B
. H : : _ 1 2 ' > u
~ [ 1 ! r] A : “ ’ et ;
" FEH AT ol j &4 B :
\ i \/75 \ W . 5 : A3
} % ;gj‘% Uy fz*_, \.. R %J i_._ _ ?? ~ i f@.: i .ﬁ) i . s
i 3
z
: z I
. o)
o
!
i
€ - 39Ny NOILVAZTZ D .-nw._uzuzzwmumw_u | “e-g
101d - ¥3AI3I3Y 8./1/S2 - 3lva
NONNVN JISVE ~ ¥3LLTHSNVEL 173 - ALI7I2v4

W3LSAS WVY38 ININNVIS 3INI¥I43d 3WIL SN

2T M/Y SOHNYSNYILSTEM




Ze-49-L1-8/
J 4334 OTOHS3IYHL WOMI 3IONVH QNNOND QTOHS3IUHL M/Y » *
00¥»0¢ ozeve ov2el 092! " 0809 o0
— = =F + + e
o's ' o'y . (v 28 -4 0’2 o't o°'0
i $334930
..—w € °0-
+ 20-

b g |
B8]
- N., ~N3ILSAS ALITIGYVLYD IIN4, 2°0
‘ m (dOMV) OV
g
{ = € -~ 319NV _NOILVA313 0~ 319NV HINWIZY €0
Bl $0 - 'ON NNY €0 - 'ON 1H9ITJ
: u > 10ld -~ ¥3A1303Y BL/1/7S2 -~ 31VQ
‘ <3 MOYYYN JISVE - HILLINSNVYNL 173 -~ ALINIOVS
; - 2ZM/H S ONVSNVILSINN
| mm W31SAS WV3I8 ONINNVOS 3ION3¥3I43H 3INIL SN

e

Ty g

B~16

HOMHI W3ILSAS

- ——




APPENDIX C
U.S. DIGITAL TRSB DATA
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The plots in this Appendix are presented in groups of three pages repre-
senting one run, as identified by a common start time, and are arranged

in the following order;

1. Error plots
2. TRSB angles
3. Tracker angle g ?

The plots are from left to right, so that threshold is on the right side of
the plots. Tracking was provided in one axis, either azimuth or eleva-
tion, because only the optical electronic tracker has a digital output.

The data for these plots were processed from digital recordings obtained
from the TRSB receiver connected to the wide angle, plus and minus 85
degrees, antenna,
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