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INTRODUCTION

Microwave Landing System (MLS) Math Modeling personnel (ACD-330)
evaluated the proposed MLS installation for runway 22 at North
Bend, Oregon. A brief description of the MLS system is provided
by appendix A. The MLS math model (described in appendix B)
predicts the effects of various obstacles 1in the airport
environment on the MLS signal. An on-site analysis of the airport
environment identified several obstacles as having potential
effects on the MLS signals from the proposed sites. These
obstacles are transient ships in the shipping channel, the
structure of the highway bridge (highway 101) and a railroad
bridge. Figure 1 depicts the siting geometry and the location of
the obstacles that were modeled. ,

DISCUSSION

The largest ships using the shipping channel surrounding two sides
of the airport were estimated to have a profile of about 35 feet
high and 750 feet long. This length was adjusted down however in
order to have an integral number of ships along each segment of
the channel that was modeled. These ships were modeled as
rectangular surfaces end-to-end along the channel for both
diffraction (shadowing) and reflection effects.

The railroad bridge was modeled for diffraction effects only with
a single rectangular surface which approximated the profile of the

bridge.

The highway bridge was also modeled for diffraction effects by
approximating the profile of the bridge with a combination of
various sized rectangular surfaces.

Tne azimuth subsystem 1s located 1,000 feet from the stop end and
on centerline. The elevation site is located 4,865 feet from the
stop end (465 feet from threshold) and 250 feet off the centerline
to the pilot's left. The Precision Distance Measuring Equipment
(DME/P) is collocated with the azimuth and was also modeled.

The MLS systems modeled were a 2° beamwidth Bendix azimuth with a
+/-40° scan, a 1.5° beamwidth Bendix elevation, and a DME/P rise
time of 1200 nanoseceonds. Figure 1 illustrates the relative
locations of the MLS and the obstacles modeled.

The approach flightpaths examined the vertical coverage of the MLS
system for this airport by simulating three approaches at glidepath
angles of 4.4°, 5.4° (the proposed glidepath), and 6.4°. The
approaches started approximately 5 nautical miles from threshold
and ended at the datum point.



In addition to the approach flightpaths, partial orbit flightpaths
at the same glide path (elevation) angles were modeled to evaluate
potential effects horizontally throughout the MLS coverage volume.
These partial orbit flightpaths range between the scan angle limits
of the azimuth subsystem (*40°) at a radius of approximately 10
nautical miles from the DME/P.

Modeling was performed in two stages. First, each set of obstacles
mentioned above was modeled with the approach flightpaths. Second,
the obstacles were combined into one scenario and modeled with
orbit flightpaths.

RESULTS AND CONCLUSIONS

Analysis of the output plots generated by modeling these scenarios
revealed that no errors from the airport obstacles modeled were
predicted for any subsystem for any flightpath. Additional
modeling was also performed to check the diffraction effects of the
concrete highway ramp (north of the highway bridge and crossing the
extended runway centerline). No effects were observed from the
ramp either. In conclusion, based on rmodel predictions, the MLS
and DME/P installations described above are acceptable.
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Figure 1. Location of Obstacles Modeled For Proposed North Bend, Oregon MLS Installation



APPENDIX A - AN INTRODUCTION TO MLS

I. ANGULAR MEASUREMENTS

Azimuth

The AZ antenna generates a narrow vertical fan-shaped beam and
sweeps it to and fro across the coverage area, as shown in figure
A-1. At the beginning of the AZ time slot, the AZ preamble is
transmitted. This sets up the processor in the receiver to decode
AZ angle data. The "TO" scan starts. At the end of the scan,
there is a pause before the "FRO" scan starts.

During a single scanning cycle, the aircraft receiver detects a
"TO" pulse and a "FRO" pulse, and measures the time between the two
pulses. As shown in figure A-1, it is the elapsed time between
receipt of the TO and FRO pulses that determines the angular
location of the aircraft, and thus its displacement from the

selected course.

The antenna can actually scan out to +/- 62°, but courses within
2° of the edges of the service area are not used in order to avoid
losing the signal and having to go through the acquisition cycle
again. The normal scan of most installations is +/- 40°. Some
locations may require a 60° scan to serve an additional runway or
heliport, or to support curved approaches. On the other hand, some
may scan as low as +/- 10° at locations where special siting or

multipath problems exist.

Elevation

The same angular measurement principle used for determining azimuth
is used for determining the elevation angle. The EL antenna
generates a narrow horizontal fan-shaped beam and sweeps it up and
down through the coverage area shown in figure A-2.

During the elevation scan cycle, the aircraft receiver detects a
"TO" pulse from the upward scan and a "FRO" pulse from the downward
scan. The elapsed time between the two pulses establishes the
elevation angle of the aircraft, and thus its displacement from the

glidepath angle selected by the pilot.

Because the aircraft flight control system is considerably more
responsive to changes in elevation than to changes in azimuth, the
elevation scan cycle is repeated 39 times per second, as compare
to 13 times per second for the azimuth cycle.

IT. FACILITY SITING CONSIDERATIONS

General

The electronic equipment for the AZ and BAZ (back azimuth) stations



will be mounted inside the antenna enclosures. The EL and DME/P

(precision distance measuring equipment) stations will be contained
in weatherproof enclosures. Shelters for the EL and DME/P

equipment will be provided at some severe weather locations.

Azimuth

The desired location for the AZ will be on the extended runway
centerline between 1000 and 1500 feet beyond the stop end of the
runway, as shown in figure A-3. If a location on the centerline
is not feasible, the AZ station should be located within the
alternate siting area shown in figure A-3. The penalty will be a
slightly higher decision height. Care must be taken to keep the

AZ station clear of jet blast areas.

Elevation

The desired location for the EL station is 400 feet offset from the
runway centerline. The range of offset distances for Cat I
facilities is from a minimum of 250 feet to a maximum of 600 feet.
At cat II and IIXI locations, the EL station must not be closer than
325 feet. As shown in figure A-4, the longitudinal displacement
distance from the threshold of the landing runway is chosen to
provide an approach reference datum (ARD) of 50 feet.

Like the 1ILS glidepath, the MLS glidepath has a conical
characteristic. Because the elevation station is offset from the
runway centerline, the glidepath along the runway centerline is a
hyperbolic curve which flares slightly above the straight line path
along the boresight of the antenna. This effect increases if the
offset distance is increased or if a higher glidepath angle is

selected for the MLS approach,

To rninirize shadowing and rultipath effe~ts, the EL Station should,
if possible, be sited on the opposite side of the runway from the

entry taxiway, as shown in figure A-4.

DME/P

The preferred location of the DME/P is at the AZ site. However,
the antenna can be moved up to 450 feet if necessary to avoid
penetration of obstacle clearance surfaces and approach light
planes. MLS facility confiqurations can be varied to meet
operational requirements. For example, an MLS has been installed
at Jasper, Alberta, Canada, with the DME element collocated with
the EL instead of the AZ element, in order to reduce the shadowing
effects of a nearby mountain. MLS installations for heliports may

have their AZ, EL, and DME elements collocated.

Back Azimuth

The siting criteria for the BAZ is the same as that shown for the
AZ in figure A-3.



Out-of-Coverage Indication (OCI) Signals

It is desirable for the MLS cockpit display to show a flag warning
whenever the aircraft is outside of the normal service volume of
the MLS. However, in some out-of-coverage areas, spurious MLS
signals caused by terrain reflections or other anomalies may still
be present. To prevent false guidance from this cause, provision
is made to transmit out-of-coverage indication (OCI) pulses from
directional antennas. This will result in a flag warning on the
deviation indicator in the cockpit. OCI signals can be provided
up to 8 regions outside the azimuth service volume, and 2 regions
outside the elevation service volume, as needed.

Figure A-5, which is a magnified view of the AZ time slot, shows
the location of the azimuth OCI pulses within this time slot. When
the aircraft receives an OCI pulse which is stronger than the
scanning signal, a flag warning indication appears on the MLS

cockpit display.

The OCI feature is intended to be implemented only as needed, on
a case-by-case basis. Figure A-6 shows a typical scenario where

azimuth OCI signals might be reguired.

Clearance Guidance Signals

Although most MLS facilities will have a proportional coverage of
+/- 40° in azimuth, a minimum installation would cover only +/-
10°. For any azimuth equipment which provided less than +/- 40°
of proportional coverage, clearance guidance (fly left/fly right)
signals will be provided to produce a minimum guidance sector of

+/- 40°, as shown in figure A-7.

Within a clearance guidance sector, the azimuth guidance is not
proportional to the angular displacement of the aircraft from the
approach course, but is a full-scale left or right indication of
which way the approaching aircraft should turn in order to enter

the proportional coverage region.

The clearance signals are comprised of four pulses, two of which
are transmitted in pairs from directional antennas, into the fly-
left and fly-right clearance sectors. Figure A-8 shows the
location of the clearance pulses within the azimuth function time
slot, adjacent to the TO and FRO scanning beams. Pulses No. 1 and
No. 4 are transmitted into Sector A. The wide time spacing between
these two pulses produces a fly-left indication on the cockpit
display. Pulses 2 and 3 are transmitted into Sector C. Their
narrow time spacing produces a fly-right indication on the display.

Critical Areas

Critical areas are regions around the MLS stations wherein objects,
vehicles, or aircraft may cause serious signal degradation as a
result of nultipath or shadowing. Care must be taken that roads
and taxiways do not pass through these critical areas unless it has



been determined that the vehicular traffic will not interfere with
the transmitted signals, or that traffic can be restricted during
instrument approach operations. Definitions for MLS critical areas

are now being developed.

Shadowing

To minimize the effects of shadowing of the EL beam by aircraft
awaiting takeoff clearance, it is usually desireable to site the
EL station on the opposite side of the runway from the entry
taxiway, as shown in figure A-4. Another factor which should be
considered is the shadow1ng of the EL beam by nearby buildings or
other obstacles, as shown in figure A-9. 1In some cases the effects
of shadowing can be reduced by adjustment of the EL station
location in order to place the shadows in a non-critical portion
of the coverage area. The simplicity of siting an EL station

facilitates this solution.

Multipath

The MLS has to operate in an airport environment that is subject
to multlpath (reflections) from hangers, aircraft, and other
objects in the vicinity. Potentially, these effects can introduce
errors in the guidance signals. Therefore, careful attention has
been given, in the design of the system, to resist the effects of

multipath.

Because of the short wavelengths used by the MLS, relatively small
flat surfaces can produce specular (mirrorlike) reflections of high
intensity. However, these reflections are highly variable in
amplitude, phase, and duration. The MLS angle (azimuth and
elevation) receiver is designed with acquisition and validation
circuits to select and process the strongest and most persistent
signal. This allows the receiver to operate in strong multipath

environnents.

Three basic principles are used in the system design to reduce the
effects of multipath:

1. Try to keep multipath 51gna1s from arriving in the receiver
at the same time as the scanning beams;

2. If multipath signals do arrive at the same time, reduce
multipath signal magnitude to a negligible value;

3. Average rapidly varying signal components.

The received MLS scanning beam may be distorted if interferlng
signals are present at the same time the direct scannlng beam is
received. This situation, known as in-beam multipath, is shown in
figure A-10. It can occur if the separation angle between the
aircraft and the reflecting object is within 1.7 beamwidths.

However, if the separation angle is more than 1.7 beamwidths, the



reflected signal will arrive at a different time than the direct
signal, and therefore will not distort the beam envelope or cause
a guidance error. This situation, which is shown in figure A-11,
is known as out-of-beam multipath. One way to reduce in-beam
multipath effects is to use an antenna with a narrower beam width.
Another way to reduce multipath effects is to design the antenna
patterns with the lowest possible sidelobe levels.

The vertical pattern of the azimuth antenna is designed with a
rapid reduction in amplitude (a sharp cutoff) on the lower side.
The reduction is approximately 6 dB per degree below the
horizontal. This ensures that close-in reflections from the ground
in front of the antenna are much weaker than the direct signal

received in the aircraft.

If there is a strong reflector such as a mountain range on one side
of the final approach course, the scan of the azimuth antenna can
be tailored as shown in figure A-12 so that it does not illuminate
the mountain. The horizontal pattern of the elevation antenna is
designed with a rapid reduction in amplitude beyond 40° from the

centerline.

Although multipath can be strong for short periods, it is not
persistently stronger than direct signals. Fortunately, the high
data rates (13 scans per second for azimuth and 39 scans per second
for elevation) make it possible to average the direct and multipath
signals. Averaging by the receiver filter serves to reduce the
rapidly varying azimuth and elevation errors as the aircraft flies
through the multipath interference region.

The distance-measuring portion of the MLS is designed to resist
multipath effects which would otherwise introduce range errors,
particularly when the aircraft gets down to a low altitude in the
final part of the approach where range accuracy is most important.
For this reason, the DME/P of the MLS uses a very accurate pulse
processing method, more resistant to multipath effects, when
operating within 7 nautical miles of the ground station. This mode
of operation is called the Final Approach (FA) Mode.
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APPENDIX B - AN INTRODUCTION TO THE MLS MATH MODEL

PURPOSE
This report introduces the Microwave Landing System (MLS)

Mathematical Model for interested persons not familiar with the
model's purpose and features. It discusses the format of the
model, the input and output parameters, and additions and
improvements planned for future versions of the model.

INTRODUCTION
The MLS Mathematical Model is a computer simulation of the effects

of an airport environment on the MLS signal. It is used to provide
guidance in the selection of MLS and siting configuration for a
specific airport environment by predicting the errors due to
multipath in that environment.

THE MODEL SOURCE CODE
The complete model consists of four computer programs. The flow

diagram shows the relationships among these four programs. The
source code, about 40,000 lines, is written in ANSI standard
FORTRAN-77 and has been successfully implemented on a variety of

mainframe and personal computers.

A complete site simulation is performed in two stages. The first
stage is the execution of program BMLST. This is the propagation
(or transmitter) model, a simulation of the signal in space as it
interacts with objects in the airport environment. Output from
BMLST is written to two files. One file provides plotting
information to BPLOTT, a program that plots the multipath and
shadowing effects on the signal from each of the ground stations-
--azimuth (AZ), elevation (EL), precision distance measuring
equipment (DME/P). The second file is the input file to the second

stage of simulation.

In this second stage, program BMLSR simulates the behavior of an
MLS receiver. At each point along the flightpath, the system (or
receiver) model evaluates the signal it is receiving in order to
distinguish the direct beam from any caused by multipath. Once
the receiver is confident that it has acquired the direct signal,
it compares this MLS angle with the true position of the aircraft
(as defined by the flightpath coordinates, discussed in the section
on input parameters). The angular difference between these
positions is the error at that flightpath point for that system (A2
or EL). This error is written to an output file which is used by
program BPLOTR to plot the error data. BPLOTR also filters the
error data with both path following error (PFE) and control motion
noise (CMN) algorithms and plots the filtered data with appropriate
error tolerances (discussed in the section on output). These plots
allow the user to evaluate the receiver errors and determine
whether or not they fall within acceptable tolerance limits.



INPUT PARAMETERS
The model accepts input from an ASCII text input file consisting

of thirteen sections of input data. The input data fall roughly
into three categories: (1) a description of the airport
environment, (2) the configuration of the MLS and DME/P systems,
and (3) a specification of the flightpath of the receiver.

The airport environment is described by coordinate information
relative to the runway. The coordinate system assumes an origin
at the centerline of the stop end of the runway and is a right-
handed coordinate system with the positive X axis along centerline
pointing toward the threshold and the positive 2 axis pointing up.
Each obstacle must be identified in separate sections of the input
file as to its potential effect on the MLS signal---reflective

(scattering) or diffractive (shadowing). Obstacles that can be
defined include buildings, aircraft (Shadowing aircraft can be
moving.), terrain features, and a runway hump. Obstacles are

represented by simple geometric shapes such as rectangles,
triangles, and cylinders. User input defines the location of the
object and whatever additional information is required (vertical
orientation, surface characteristics, velocity, etc.).

For the configuration of the ground systems, the user specifies the
location of each transmitter and the type. The user can also
indicate a frequency and scan angle limits for each transmitter.
The appropriate data for representing the specified transmitter
type are loaded into memory by program BMLSR and are used in the
evaluation of the signal at the receiver. The receiving antenna
is assumed omnidirectional. The propagation portion of the model
(BMLST) assumes an omnidirectional transmitter pattern in its
operation and does not consider the characteristics of the receiver

other than its location in space.

Currently, the path of the receiver is represented as a sct of two
to thirty-six coordinate triplets (X, Y, Z) which define the
locations of the flightpath waypoints. Multipath calculations are
made for points between the waypoints depending on the velocity (in
feet/second) and distance increment (in feet) defined by the user.
These latter values are constrained by the model's assumption of
a data rate of 5 hertz for the PFE and CMN filter algorithms.

OUTPUT
Output from the math model is provided in graphic form by the two

plotting programs (BPLOTT for the propagation model, BPLOTR for the
system model). Output from BPLOTT includes tables of data and
plots (flightpath plots, airport map) that allow the user to verify
the input data. In addition, a multipath plot shows the
multipath/direct ratio in decibels for each point along the
flightpath for each of the six highest multipath sources in the
environment. This is accompanied by a plot of the separation angle
in degrees (for AZ and EL) or the time delay in nanoseconds (for
DME/P). If the user has specified shadowing obstacles, a shadowing
plot shows the effect of the simulated shadowing obstacles on the



magnitude of the direct signal. For both scattering and shadowing,
each transmitter is plotted separately, as requested by the user.

The output from BPLOTR is a plot of the angle error in degrees for
each system. The DME/P interrogator is not implemented by the
system model at this time. Error plots are provided in four
formats. The static error shows the raw error at each receiver
point. The dynamic error also shows the raw error with account
taken of the movement of the receiver. PFE and CMN plots show the
error as filtered by these algorithms respectively. In addition,
tolerance and coverage limits are calculated based on Federal
Aviation Administration (FAA) specifications and are displayed on
the filtered error plots. The user can then see at a glance
whether or not the MLS signal goes out of tolerance at any point
along the flightpath. If it does not, it is reasonable to conclude
that the airport environment, as defined, will not adversely effect

the MLS signal.

THE FUTURE OF THE MLS MATH MODEL

The model as described above is the current version distributed by
the FAA to users throughout the world. However, the model is not
considered to be in final form. Plans are being made to release
version 3.0 of the model which will include the following features:

1. implementation in the system model of a DME/P
interrogator
2. implementation of a measured flightpath. This option

will permit the model to read flightpath coordinates from
a separate input file which might be created from actual
flight data.

3. inclusion of additional transmitter antenna patterns

4. assignment of specific dielectric constants for each
possible surface material for scattering building plates

Additions and improvements to the model will continue after the
release of version 3.0. These additions and improvements will
include implementation of an orbit flightpath option, improved
algorithms for simulating runway hump shadowing and ground plate
scattering, the addition of the ability to simulate shadowing by
trees, and other features as required.



FORMATTED
INPUT FILE

S
§ > ROPAGATION
! mopeL |

QUTPUT MULTIPATH

DATA PLOT DATA

TN

B BvMLSR B
W system B
i _MooeL |

FLAG camemman ERROR /

|
8 sPLOTT &
il PLOTTING &
il PROGRAV

DATA PLOT DATA \

DIAGNOSTIC
PLOTS

ERROR
PLOTS

@ sPLOTR |
g PLOTTING ¢

MLS MATHEMATICAL MODEL FLOW DIAGRAM



