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CHAPTER 1 INTRODUCTLON 

1. PURPOSE AND SCOPE. The intent of this document is to present t1> the 
reader the siting criteria established for the Mi~rowave Landing Systems 
(MLS). use of the MLS computer model, data gathered from signal measure
menU; and testing, and insight gained from past work with the Instrument 
Landing System (ILS) have contributed significantly to the development of 
this document. 

Incorporated in Chapter 1 is a brief presentation of the background of the 
MLS along with the rationale for its development. Chapter 2 begins with a 
general discussion of MLS and its theory of operation, as well as its 
growth potential and operational capabilities. Chapter 3 is devoted to MLS 
power and site preparation requirements. Chapter 4 introduces a general 
discussion on topics germane to siting, such as critical areas, multipath, 
and shadowing. Chapter 5 discusses basic siting criteria, and finally, 
Chapter 6 is concerned with specific criteria developed from the analysis 
of propagation anomalies (multipath, shadowing, etc.), and a discussion of 
computer modeling to aid in siting. 

2. BACKGROUND. The concepts of the Microwave Landing System date back to 
the early 1950's. From this time it has seen various improvements, 
electronic scanning and solid state digital electronics to name two, which 
have contributed to the development of the present day MLS. 

MLS is designed to be an all-weather precision approach and landing system 
capable of meeting accuracies equivalent to ICAO category Ill standards 
[1]. MLS operates with an internationally standardized signal format. 
Thus, any aircraft equipped with a standard MLS receiver can make a guided 
approach to any MLS-equipped runway. MLS also offers a large volume of 
guidance coverage, which allows for segmented as well as curved approaches. 
This is desirable for noise abatement or other special conditions. MLS 
also provides a continuous ground-to-air data link to the aircraft. Its 
modular design makes it flexible and capable of meeting the needs of indi
vidual installations. 

3. RATIONALE FOR THE DEVELOPMENT OF MLS. MLS overcomes the single 
approach-path limitations of ILS, and can provide improved approach 
guidance, meeting requirements predicted for the foreseeable future. It is 
estimated that a minimum of 100 channels will be needed if the predicted 
channel congestion is to be avoided [2]; MLS can provide 200 channels [3]. 

The MLS format can provide proportional guidance over a maximum service 
volume of ±62 degrees in azimuth and up to +30 degrees in elevation, per
mitting segmented and curved approaches, and a selectable glide angle [4]. 
(Typically proportional guidance will be ±40 degrees in azimuth and +15 
degrees in elevation.) This capability allows the selection of approach 
profiles that best fit the performance capabilities of the aircraft, maxi
mizes the number of approach aircraft by making possible a more efficient 
use of approach airspace, and enhances noise abatement by allowing spe
cialized approach paths which avoid nearby communities. 
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~:mploylng mfr.rowave frequencies allows MLS ;mlt~nnas to he "eler.tr•Hlically" 
largt• whilr~ n~malning relatively small physkally. These large aperture 
antennas, very directive in nature, establlsh a narrow beam in space. This 
characteristic can be used by the siting engineer to minimize the amount of 
reflected RF energy from hangars, airport buildings, and aircraft on the 
ground. 

Digital signal processing may be incorporated in the MLS receiver to reduce 
the effects of multipath, along with the capability to receive data. Such 
information as azimuth angle offset, runway heading, precision distance
measuring equipment (DME/P) offset, and elevation antenna height can be 
transmitted to the aircraft continuously via data link. 

Unlike ILS, MLS antennas do not rely upon a large ground plane to establish 
the signal in space, and thus MLS is less vulnerable to terraln effects. 
This fact, plus the small physical size of the MLS antennas, allows more 
flexibility and reduced costs in siting. 

Through the use of digital design and microwave RF frequencies, MLS can 
provide the following: 

-200 channels 
-increased operational capabilities 
-high reliability 
-excellent signal quality and guidance 
-the flexibility to meet difficult siting requirements 

-2-



CHAPTER 2 DESCRIPTION Or MLS 

l. GR0JND ~~Y_:~f_l~~-1:\_'r:_O_U_~· The FAA standartl MLS ground systPm configuration 
consists of the foll.owlng (see Figure l) [5J: 

-approach azimuth station 
-approach elevation station 

a. Approach Azimuth Station. The approach azimuth station (AZ) is 
normally located at the stop end of the runway. Figures 2 and 3 show the 
structure of typical approach azimuth equipment; the exact design of the 
equipment to be installed may not look exactly like this. This station 
provides lateral guidance, range information, and data transmission to 
aircraft on approach and is composed of [5]: 

-approach azimuth equipment [4] 
data transmission equipment (basic and auxiliary) 
azimuth equipment electronics 
azimuth executive monitor 
one set of cables, waveguides, connectors, and fittings 
one of the following azimuth antenna options 
1) 2-degree beamwidth, ±40 degrees proportional lateral 

coverage. 
2) 1-degree beamwidth, ±40 degrees proportional lateral 

coverage. 
3) 1-degree beamwidth, with at least ±10 degrees 

proportional lateral coverage with low side lobes. 
4) 1-degree beamwidth, ±60 degrees proportional 

lateral coverage 
5) 3-degree beamwidth, ±40 degrees proportional lateral 

coverage 

-DME/P equipment [6] 
DME/P transponder 
DME/P executive monitor 
one set of cables, waveguides, connectors, and fittings 

-equipment maintenance monitor 
-station power 

b. Approach Elevation Station. The approach elevation station may be 
located on either side of the runway centerline (see Figure 4). The func
tion of this station is to provide vertical guidance to the aircraft on 
approach. This station is composed of [5]: 

-elevation equipment [4] 
elevation equipment electronics 
elevation executive monitor 
one set of cables, waveguides, connectors, and fittings 
one of the following elevation antenna options 
1) 1.5 degree beamwidth, +0.9 to +15 degrees vertical 

proportional coverage 
2) 1-degree beamwidth, +0.9 to +15 degrees vertical 

-3-
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proportional coverage 
3) 2-degree beamwidth, +0.9 to +1') clegr••P!> vertical proportional 

coverage 

-equipment maintenance monitor 
-station power 

Table l lists combinations of the azimuth and elevation options according 
to the types defined in the initial production contract. 

c. Remote Control and Status Unit (RCSU). The Remote Control and 
Status Unit shall be installed in the primary ATC facility and shall inter
face directly with the MLS equipment. The RCSU shall interface with two 
Remote Status Units (RSU). The RCSU shall provide at least the following 
control and display features: 

1. Intensity controls for lamps and indicators. 
2. Controls for switching the functlon transmisslons ON or OFF. The 

capability to re-start the equipment, (i.e., attempt to enter the 
normal radiating mode from a shutdown condition), shall also be 
provided. 

3. Aural indicatlon for alarm and alert conditions with loudness 
control and silence switch. The range of adjustment of loudness 
shall not allow complete silencing of the aural alarm. The 
silence switch shall be a momentary type which will silence the 
current alarm, reset upon release, and then automatically re-arm 
to be ready for the next alarm. 

4. Visual indicators for Normal, Secondary Alerts, and Al.arm 
conditions. 

5. Separate status indications for each ~"S Ground Equipment. 
6. Mechanism to change and display auxiliary data words. 
7. Primary battery power status indicator for each MLS Ground 

Station. 
8. Approach Azimuth/Back Azimuth switching control for systems 

without an interlocked system on the opposite runway end. 
9. Runway selection (Interlock) control for systems conflgured on 

opposite runway ends. 
10. Power ON/OFF switch for both the status/control unit and the 

electronics unit. 
ll. Capability shall be provided to allow easy implementation of a 

dual equipment configuration. 
12. Annunciator for control-mastership requests from RMMS and from the 

MLS ground stations. 
13. Deny/Grant switch for responding to control-mastership requests. 

d. Remote Status Unit (RSU). Each Remote Status Unit to be installed 
in other than the primary ATC facility shall provide the following minimum 
features: 

1. Intensity controls for lamps and indicators. 
2. Aural indication for alarm and alert conditions with loudness 

control and silence switch. The range of adjustment of loudness 
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Table l. System Configurations. 

Azimuth Guidance Elt:vation (luidancc 

TYPE Bcamwidth Scan Angle Beam width Scan Angle 

20 

0 0 0 0 

TYPE I +40 l.S 0.9 to IS -

0 
0 

" 0 0 

TYPE II 2 +40 I 0.9 to I 5 -
0 0 0 0 0 

TYPE III I +40 1.5 0.9 to IS -

0 0 0 0 
0 

TYPE IV I +40 I 0.9 to IS 
-

0 0 0 0 0 

TYPE V I +10 I 0.9 to IS -

0 0 0 0 0 

TYPE VI I +60 I 0.9 to 15 -

0 0 0 0 0 

TYPE VII 3 +40 2 0.9 to IS 
-
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shall not :tllow complete silencing of the aur:1l alarm. The 
silence switch shall he a momentary type whlch will silence the 
current alarm, reset upon release, and then automatically re-arm 
to be ready for the next alarm. 

1. Visual indicator for Normal, Secondary Alerts, and Alarm con
ditions. 

4. Separate status indications for each MLS Ground Equipment. 
5. Primary battery power status indicator for each MLS Ground 

Station. 
6. Power ON/OFF switch. 

2. SIGNAL FORMAT. The MLS angle guidance and data functions are time
multiplexed on a single-frequency channel, selected from available channels 
from 5011 to 5090.7 MHz. Each function has a unique identification code. 
The range information provided by the DME/P is transmitted asynchronously 
on a paired frequency from 979 to 1213 MHz [3]. 

a. Guidance Function Formats. The format for the angle guidance func
tions is shown in Figure 5. The format commences with a preamble time slot 
followed by sector and scanning beam time slots. The preamble contains the 
function identification code. This allows the individual function to be 
randomized in order to reduce synchronous interference effects. 

b. Data Formats. A provision has been made in the MLS signal format 
for transmission of basic and auxiliary data. The data are transmitted by 
differential phase-shift keying (DPSK) of the radio frequency carrier [1]. 

The basic data format is composed of 32-bit words. The preamble is com
posed of the first 12 bits, the next 18 bits are for data transmission, and 
the last two are for parity (see Figure 6a). 

Auxiliary data are encoded into 76-bit words initiated by a 12-bit 
preamble. Two formats are provided, one for digital data transmission, and 
the second for alphanumeric data (see Figure 6b). 

c. Morse Code Identification. On the C-band frequency, the MLS azi
muth equipment is identified in International Morse Code by the approach 
azimuth station and the back azimuth station, when present, by use of a 
DSPK bit following the preamble. The identification is composed of a four 
letter word starting with the letter M, and is transmitted approximately 
six times a minute. In the receiver a "one" initiates the morse code sym
bol and a "zero" terminates it (see Figure 7) [3]. 

3. DATA TRANSMISSION. An MLS facility transmits basic data to the air
borne receiver to provide the information needed for approach computations. 
This information includes: 

-minimum glide slope 
-facility identification 
-approach azimuth to threshold distance, and coverage limit 
-equipment performance levels 
-beamwidths 
-approach azimuth and basic azimuth magnetic orientation 

-10-
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CLOCK 
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Figure 6a. Basic Data Organization. 
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(a) Digital Data 
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(b) Alphanumeric Data 

Figure 6b. Auxiliary Data Word Organization. 
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NOTE (l): The high rate Approach Azimuth has three times the bit rates shown. 

Figure 7. Morse Code Technique. 
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Basic data wiLL lw supplemented by auxiliary Jat..a. AuxiLiary data will 
include antenna siting geometry information. 

'•. ANGULAR MEASIJRl~MimT CONCEPT [3_L· 
ilzimuth, is determined by the amount 
TO and FRO scanning beam main lobes. 
airborne receiver as follows: 

Angul.1r posltlon, eltht>r elevat.lon or 
of time l' L1psed blc'tween the rece lved 
Angular position L; calculated by the 

where: 

THETA 

t 

v 

THETA = (T0 -t)V/2 

Azimuth or elevation angle in degrees. 

Time separation in microseconds between TO 
and FRO beam centers corresponding to zero 
degrees. 

Time separation in microseconds between TO 
and FRO beam centers. 

Scan velocity scaling constant in degrees 
per microsecond. 

Table 2 lists values for these parameters [3]. 

a. Azimuth. The azimuth antenna generates a narrow, vertical, fan
shaped beam which electronically scans across its coverage area (see Figure 
8). The azimuth scanning convention is shown in Figure 9 [3]. As viewed 
from above the azimuth antenna, the TO scan is in the clockwise direction 
and the FRO scan is in the counter-clockwise direction. An illustrated 
example is shown in Figure 10. 

b. Elevatlon. The elevatlon antenna generates a narrow, horizontal, 
fan shaped beam whlch electronically scans across lts coverage area (see 
Figure 11). The elevatlon scanning convention is shown in Figure 12 [2]. 
The TO scan is upward. The FRO scan is downward. 

5. FUNCTION COVERAGE REQUIREMENTS. This section outlines the minimal 
volume of airspace required to be supplied with ~~S guidance informatlon, 
proportional guidance and clearance sectors, as described in FAA-STD-022c 
[3]. Coverage options shown will be addressed in Section 6, MLS Expansion 
Capabilities. 

a. Approach Azimuth. The approach azimuth ground equipment shall pro
vide guidance information as illustrated in Figure 13. The description of 
the minimum allowable guidance regions is as follows [3]: 

Approach Region 

- horizontally within a sector at least ±40 degrees about the 
runway centerline originating at the point on centerline closest to 
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Table 2. Value of Angle Guidance Parameters. 

Value of 
t for 

Maximum Maximum 
Scan Scan v 

Angle Angle To (degrees/ 
function (degrees) (usee) (usee) usee) 

APPROACH AZIMUTH -&2 to +62 13 000 6 800 +0.020 
HIGH RATE 
APPROACH AZIMUTH-42 to +42 9 000 -800 +0.020 

BACK AZIMUTH -42 to +42 9 000 '800 -0.020 
APPROACH 

ELEVATION -1., to +29., 3,00 3 3,0 +0.020 
FLARE ELEVATION -2 to +10 3 200 2 800 +0.010 
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Figure 8. Azimuth Antenna Scanning Beam. 
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Figure 9. Azimuth Scanning Convention. 
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Figure 13. Approach Azimuth/Data Coverage. 
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the elevation antl~nna phase center (the MI.S ci:ttum point) and 
ex:tending in the dlrection of approach to 20 nautical mi.IC's. !<'or a 
system providing 1(}0 degree lateral coverage, tlu' rangP requirement 
is reduced to 14 nautical miles beyond the ~40 degr,~L' ;tngular 
coverage. 

- vertically between conical surfaces which originate on a vertical 
line passing through the MLS datum point, of which: 

(l) The lower surface crosses threshold at 2.5 meters (8 ft.) 
above the runway centerline inclined at 0.9 degree above 
the horizontal; 

(2) The upper surface crosses threshold at 600 meters (2,000 ft.) 
above centerline inclined at 15 degrees above the horizontal 
to a height of 6,000 meters (20,000 ft.). 

Runway Region 

- Horizontally within a sector 45 meters (150 ft.) each side of the 
runway centerline beginning at the stop end and extending parallel 
with the runway centerline in the direction of the approach to 
join the approach region. 

- Vertically Between 

(1) A horizontal surface which is 2.5 meters (8 ft.) above 
the runway centerline and; 

(2) A conical surface originating along the centerline 
extended beyond the stop end of the runway which crosses 
the stop end at 150 meters (500 ft.) above centerline 
inclined at 20 degrees above the horizontal to a height 
of 600 meters (2,000 ft.). 

Proportional Guidance 

Proportional guidance shall be provided in the runway region 
and in a sector of at least ±10 degrees about the runway 
centerline extended in the approach region. 

b. Back Azimuth. If azimuth guidance is desired for missed approaches 
and departure guidance (back azimuth), it will be provided by a standard 
MLS located at the opposite end of the runway with its preamble and time 
slot changed accordingly. This back azimuth shall supply guidance infor
mation in the region shown in Figure 14. The minimal guidance volu~e per
mitted is as follows [3]: 

Missed Approach/Back Azimuth Region 

- Horizontally in the back azimuth region within a sector t40 degrees 
about the runway centerline originating at the MLS datum point and 
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Figure 14. Back Azimuth7Data coverage. 
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'~XtPnding In tlw dl.rectl.on of missed approach r:~t lPnst to 20 nallti
ca 1 ml '''H. 

- Vertically ln the hack a:t.lmuth region between c0nlcal surfacr~s 
which originate 0n a vertical line passing through the MLS rlatum 
point, of which: 

(l) The lower surface crosses the stop end at 2.5 meters (8 ft.) 
above the runway centerline inclined at 0.9 degree above the 
horizontal; 

(2) The upper surface crosses the stop end at 600 meters (2,000 ft.) 
above centerline inclined at 15 degrees above the horizontal 
to a height of 1,500 meters (5,000 ft.). 

~unway Region 

- Horizontally within a sector 45 meters (150 ft.) each side of the 
runway centerline starting at the threshold and extending parallel 
with the runway centerline in the direction of the stop end to 
join the Back AzLnuth region. 

- Vertically Between: 

(l) A horizontal surface which is 2.5 meters (8 ft.) above the 
runway centerline; and 

(2) A conical surface originating along the runway centerline 
extended beyond the stop end of the runway which crosses the 
stop end at 150 meters (500 ft.) above centerline incline at 
20 degrees above the horizontal up to a height of 600 meters 
(2,000 ft.). 

Proportional Guidance 

- Proportional Guidance shall be provided in the runway region and 
in a sector of at least tlO degrees about the runway centerline 
extended in the back azimuth region. 

c. Approach Elevation. The approach elevation ground equipment shall 
provide proportional guidance in the regions illustrated in Figure 15. The 
description of the regions is as follows [3]: 

Laterally throughout the runway and approach regions within which 
proportional guidance is provided by the Approach Azimuth ground 
equipment. 

- Longitudinally from 75 meters (250 ft.) from the MLS datum point 
in the direction of the approach to 20 nautical miles. 

Vertically within the sector bounded by: 
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Figure 15. Approach Elevation Coverage. 
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- A surface which Ls the locus of points 2.'> meters (8 ft.) above 
the runway; 

- A conical snrface originating at the MLS datum point :md irH~l ined 
at 0.9 degree above the horizontal; and 

- A conical surface originating at the MLS datum point and inclined 
15 degrees above the horizontal up to a height of 6,000 meters 
( 2 0 , 000 ft. ) • 

d. Data Coverage. Basic data shall be transmitted throughout the 
Approach Azimuth coverage region (words 1-6) and the Back Azimuth coverage 
region (words 4, 5, 6). 

In the absence of Back Azimuth, auxiliary data words Al, A2, 11nd A'3 shall 
be transmitted throughout the Approach Azimuth coverage region. However, 
when the Back Azi1nuth coverage is present, auxiliary words A3 and A4 shall 
be transmitted throughout both the Approach and Back azimuth coverage 
regions. 

e. DME/P. DME/P coverage shall be omnidirectional as shown in Figure 
16. Coverage will be provided at all azimuth angles and angles of eleva
tion between +0.85 degrees to a minimum of +15 degrees relative to the 
DME/P antenna phase center and up to heights of at least 20,000 ft. 

6. MLS EXPANSION CAPABILITIES. 

a. Dual Mode Azimuth Antennas. The MLS azimuth antenna is capable of 
supplying either approach or back azimuth function. This function is 
generally implemented when two complete sets of MLS ground equipment are 
used to serve the same runway. The MLS equipment is configured so that 
both ends of the runway are supplied with precision approach guidance 
(i.e., dual azimuth antennas, DME/P, and an elevation station at each end 
of the runway). However, there is a period during the switching of the 
system configuration when no MLS guidance is available. This period will 
be no greater than 30 seconds. 

b. Auxiliary Data. MLS can provide for transmission of 11dditional 
11uxiliary data. This feature may include meteorological information, run
way st11tus, and wind velocities. The exact content of the additional auxi
liary data has not been standardized at this time. 

c. 360 Degree Azimuth. Time is reserved in the MLS format for 360 
degree azimuth coverage, and this function is being considered. 

d. Limited-Scan Azimuth Coverage. MLS can also provide non
symmetrical azimuth coverage. An example of this feature is 10 degrees 
proportional guidance on one side of the runway and 40 degrees on the 
other. This feature can be used to reduce multipath reflections caused by 
objects close to one side of the runway without s11crificing coverage on the 
other. 
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Figure 16. DME/P Coverage. 
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CHAPTER 1 INSTALLATION REQUIREr1ENTS 

l. MLS POWER REQUIREMENTS. All MLS ground equipment is designed to be 
powered from 120/240 volts, 1 wire single phase 60Hz power [5]. This 
equipment must be able to operate continuously, unattended, at elevations 
from 0-10,000 feet. The power supply shall provide sufficient power to 
operate the i1LS and simultaneously restore battery supply to full charge 
from 50 percent discharge within 36 hours. 

The nominal operating voltage is 120 VAG, but the ground equipment shall be 
designed so that it can be powered from 102-138 VAG. Equipment requiring 
240 VAG nominally will be capable of operating on 204-276 VAC. The ground 
equipment will tolerate a ±3Hz drift from the nominal 60Hz line frequency. 

The fiLS ground equipment is also able to operate from rechargeable bat
teries for at least two hours after loss of primary AC power. The system 
is designed so that performance will not be degraded in any 1t1ay while it is 
operating from the battery supply. The system will be wired so that loss 
of AC power does not result in loss of MLS ground system operation during 
the switch to the battery back-up ~ystem [5]. 

The batteries are to be protected from the elements, since snow, rain, 
etc., could cause them to fail. The battery container will permit easy 
access to the batteries for inspection and maintenance. They will also be 
vented to the outside of any enclosing structure [5]. Heaters may be used 
inside the battery container to assure a minimum of 2 hours of normal 
equipment operation at low temperatures upon loss of primary power. 

2. EQUIPMENT AND STRUCTURE REQUIREMENTS. Any electronic .equipment con
tained in the enclosures will be designed to operate normally when exposed 
to temperatures of -50 to +50 degrees Centigrade and humidities of 5% to 
90% [ 5] • 

All outside equipment, electronic or mechanical, will continue to function 
within tolerance at temperatures of -50 to +50 degrees Centigrade. The 
ground equipment will contlnue to operate within monitor tolerance when 
exposed to wind velocities of 70 knots in any directlon in which the per
pendicular component of the wind with respect to the runway centerline is 
not greater than 35 knots. The ground equipment will reslst wind veloci
tles of 87 knots in any directlon without suffering structural or func
tional damage. 

All outside structures will be capable of withstanding hailstones up to 0.5 
inch in diameter and a snow loading of 40 psf. 

3. SITE PREPARATION. While preparation for siting an MLS is underway, 
speciai attentlon shall be paid to the location of trees, buildings, and 
any large objects which mlght cause multipath (signal reflections) or sha
dowing (signal blockage) problems. If the terrain surrounding the MLS sta
tions is not level enough to assure adequate signal coverage at threshold, 
equipment towers may be necessary. 
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It has been shown that interference from power ll_nes, fences, and approach 
light systems in the far-field of the antennas will be minimal at the MLS 
frequency [7]. Unless these structures are unusually large, or conslst of 
very densely spaced conductors, they will not be of concern. 

Since 1LS antennas rely on the formation of an image by reflecti.on of 
o:;ignals from the ground, a smooth ground plane is required several thousand 
feet in front of the glide slope antenna to establish an acceptable glide 
path; this is not the case with MLS. 

4. INTgRCONNECT REQUIREMENTS. 

a. Power. When site engineering commences, prov1s1ons are to be made 
for 120/240 volt s lngle phase AC power to be supplied to all MLS ground 
equipment. Power for approach lighting and the azimuth station are to be 
kept independent of each other. Transformers must be kept out of the 
obstacle free zones. 

b. Communications. A communications link must be provided between all 
MLS ground equipment serving a particular runway and its Remote Control and 
Status Unit (RCSU) and Remote Status Unit (RSU). Communications are 
required for three purposes. One is so that the ground equipment 
transmissions can be synchronized. The second is to provide equipment sta
tus to Air Traffic Control (ATC) personnel. The third is to provide data 
to the Remote Maintenance Monitor System (RMMS). This communications link 
may be provided through any of three media; wire lines, fiber optics 
cables, or UHF/VHF radio link. If wire lines already exist at an airport 
and they are of suitable quality for the MLS data transmissions they should 
be utilized where practical. Also, the existing lines should have a pro
jected useful life of at least 10 years. If it is determined that existing 
cable is not useable then new fiber optics cable should be installed. The 
radio link should be used only as a last resort if a wire or fiber 
installation would be too costly or impractical. 

The RCSU consists of two units. One is the control and display panel which 
generally should be installed in the local ATC facility (control tower) if 
one exists. If there is no local ATC facility it should be placed in a 
location where there are communications with the nearest ATC facility. The 
second part of the RCSU is an electronics unit that sends the information 
to the display panel and also is the interface point for the RMMS. 
Generally it should be installed in a location with easy access by main
tenance personnel. 

The RSU is simply a status panel that is a slave to the RCSU. It can be 
located at any other location where the status of the MLS is of interest. 
Up to two RSU's may be installed with each RCSU. 

In the situation where MLS equipment is installed to serve both ends of a 
runway, a single RCSU (electronics and display) will control both systems. 
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CHAPTI<.:R 4 GENERAL OlSCUSSI:ON OF CONSIDERATIONS TH.AT A~'FECT SIT LNG 

l. P~~PARAT~~"!__QF ~~'!__~· Before the instal Lat Lon of any MLS eqn i.pment, 
data are to be obt:1lned to permit evaluation of the runway(s) tube ser
viced with MLS, as well rts the surrounding area. These dat<t shall include, 
but ar(~ not llmit!~d to, the following items: 

-obstruction clearance charts. Siting considerations may dictate 
equipment placement near obstruction clearance boundaries. 

-United States Geological Survey (USGS) topographical charts of the 
airport area and full service coverage area for the MLS. 

-runways to be serviced with MLS, their lengths and profiles (detailed 
enough to accurately identify runway humps). 

-description of existing navaids. 

-airport conduit and cable information. 

-ground traffic patterns. Ground traffic is not permitted within 
.specified boundaries around MLS antennas. 

-run-up and jet blast areas. 

-category of aircraft to be serviced. 

-MLS Type proposed and equipment characteristics pertinent to siting. 

-airport property lines. 

-u.s. Instrument Approach Procedures defining existing approach pro
cedures to the airport and identifying obstacles in the terminal 
area. 

Further information shall also be compiled after discussion with airport 
officials, FAA Aviation Standards National Field Office, Air Traffic 
Service, Airport Service, and Airway Facilities Regional Divisions. These 
consultations will provide additional insight into such topics as: 

-existing and future traffic patterns. An MLS sited without consider
ation of future traffic demands may not provide maximum operational 
benefits whe11 these additional demands are made. 

-noise abatement regions. 

-restricted airspace. 

-any required alteration to proposed approach paths. Proper siting 
may require a change in some proposed approach paths. 

2. AIR TRAFFIC PLANNING INPUT. To take advantage of the expanded capabi
lities of the MLS, it is important that siting personnel work closely with 
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air traffic planners. A well developed utilization plan ls n·quired to 
take full advantage of MLS capabilities within tlw ATC sy:->tem. Because of 
this, the air traffic service has developed a facility :matysls gui.ie [8] 
which can be used to aid facility managers in assuring that all known con
siderations have been examined when planning. The result of the applica
tion of this analysis guide is a staff study which det<lils the Lntended use 
and locations of MLS equipment. Recommendations made in this study include 
facility(ies) or runway(s) to be equipped, what types of approach profiles 
are desired, deviations required from the standard ±40 degree azimuth 
coverage, and how the azimuth coverage should be oriented. It is important 
that this information be included as input to the siting effort. 

3. CRITlCA.L AREAS. Critical areas are regions around the MLS stations 
wherein objects, vehicles, or aircraft may cause serious signal degradation 

as a result of multlpath or shadowing. Care must be taken that roads and 
taxiways do not pass through these critical areas unless it has been deter
mined that the vehicular traffic will not interfere with the transmitted 
signal, or that traffic can be restricted during instrument approach opera
tions. 

Definitions for MLS critical areas are currently being developed; prelimi
nary estimates will be given in Chapter 5. 

4. PROPAGATION EFfECTS. 

a. Multipath. A very important goal in proper MLS siting is the eli
mination of signal disturbances due to surrounding objects. Nearby 
aircraft, buildings, or terrain may cause reflection (multipath) of the 
scanning beam signals into the approach path, or cause diffraction or 
complete blockage (shadowing) of the intended direct signal. These poten
tial problems will be different at each MLS installation. 

In general, multipath phenomena can be classified as either "in-beam" or 
"out-of-beam." Figure l7a illustrates the plan view of an aircraft on 
final approach and a building at a small angle with respect to the approach 
path. This difference in coding angle between the approach path and the 
reflecting object is called the separation angle CesA). Reflections are 
considered "in-beam" when the separation angle is less than about 1.7 beam
widths. Multipath problems can also occur if the airport surface is tilted 
to a significant degree and the separation angle is less than 1.7 beam
widths. In-beam multipath can cause guidance errors and should be elimi
nated. Appropriate in-beam multipath control techniques are discussed in 
Chapter 6. 

Out-of-beam multipath is illustrated in Figure 17b. The multipath will be 
received at a different time than the direct signal and will generally not 
cause guidance error. 

Figure 18 gives the elevation view of the scenario of Figure 17. It is 
clear that in-beam multipath will always be present due to the airport sur
face. Even if the airport surface is perfectly horizontal (thus zero 
separation angle), the in-beam multipath can cause amplitude fluctuations 
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h) out-of-beam multipath (scan direction) 

Flgure 17. Azimuth Multipath Configurations. 
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~.o~hich could cause problems in achieving low angle coverage. To minimize 
this nonscan direction multipath, the azimuth antenna pattern is designed 
to have a very sharp cutoff near the horizon. 

TheHe multipath principles also apply for ell~vatinn guidance. Figun! l<}a 
illustrates the elevation scanning beam in the presence of a fL1t airport 
surface. Rising terrain in the approach region, as shown in Figure l9b, 
can reduce the separation angle to less than 1.7 beamwidths (in-beam multi
path) and cause elevation guidance error. 

In-beam elevation multipath can also occur in the nonscan direction as 
shown in Figure 20. This phenomenon, however, does not cause errors of 
sufficient magnitude to be of concern in typical situations [1]. This does 
not mean, however, that the elevation antenna may be sited close to the 
side of a building; significant signal amplitude fluctuations can occur if 
the antenna is too near the building. 

b. Shadowing. Signal shadowing may also occur due to hills, towers, 
or other obstacles in the guidance volume. If the shadowing object totally 
obscures the line-of-sight between the airborne receiver antenna and ground 
antenna (see Figure 21), only the diffracted signal, which is attenuated 
to some degree, reaches the aircraft. If the line-of-sight is not blocked, 
diffracted multipath exists which can be treated as being similar to 
reflection multipath. The potential guidance errors due to shadowing of 
the direct signal depend on the signal's attenuation, possible multipath 
from other obstacles, and the geometry of the situation. In general, 
proper siting can avoid shadowing phenomena so that MLS operation is not 
affected. 

5. OUT OF COVERAGE INDICATION (OCI) REQUIREMENT. One of the requirements 
of the MLS system design is to minimize the presence of false courses in 
all regions. MLS specifications require that OCI signals must be provided 
in all regions beyond the guidance sector (both azimuth and elevation) 
where false courses exist which can be acquired and tracked by an aircraft. 
Part of the siting process is to identify objects which may reflect the 
scanning beam or clearance signals and cause a false course. Figure 22 
shows a typical scenario for azimuth where OCI might be required. A sce
nario 1o1hereby the elevation signal can get reflected into a region above 
the service volume is highly unlikely. Therefore it is expected that the 
use of OCI for a site induced elevation false course will be rare. 
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a) no in-beam multipath 

b) rising terrain causes in-beam multipath 

Figure 19. Elevation Multipath in the Scan Direction. 
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Figure 20. Direction. . the Nonscan . Multipath ~n Elevat~on 
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CHAPTER 5 SITlNG UNDER IDEAL CONUITlONS 

1. OVERVIE~. One of the many advantages of MLS is its inherent resistance 
to multipath problems. This has been verified by numerous analjtlcal stu
dies, computer simulations, flight testing, and practical experienc~. 
Evans et.al., in a study of eleven major u.s. and foreign airports, found 
that over 50% of runway ends were free of buildings which could produce 
significant azimuth multipath when on final approach and 88% were free of 
buildings which would produce significant elevation multipath [9]. 

This chapter describes the procedures for locating the azimuth and eleva
tion antennas for the simplest siting situation: a flat airport surface 
with no hills, buildings, or other obstacles within the guidance volume, 
and no ILS or approach light system present. Although this is not a typi
cal situation, more complex siting problems generally involve a r~latively 
simple correction or alteration of the criteria presented in this chapter. 
In Chapter 6, these more complex situations will be discussed along with an 
introduction to applications of the MLS computer model. 

2. AZIMUTH SITE. 

a. Antenna Location. The desired location for the azimuth station is 
on the extended runway centerline between 1000 and 1500 feet beyond the 
stop end of the runway (between points A and Bin Figure 23). The distance 
from the stop end is influenced by the standard obstruction criteria and 
the necessity to protect the antenna from jet blast and oily deposits from 
the exhaust. The azimuth antenna is frangible, and could be located inside 
the safety area if necessary (see section d. in this chapter concerning 
obstacle clearance). However, all efforts should be made to site the 
antenna at a distance 1000 feet or greater from stop end, employing a tower 
if necessary. 

All efforts should be made to site the azimuth antenna on the extended run
way centerline. It has been estimated that, at most, only 5% of potential 
MLS sites at u.s. airports may require off-centerline siting [10] (This 5% 
estimate did not consider collocation with ILS or approach lights.). If 
centerline siting cannot be accomplished due to a hump in the runway which 
shadows the threshold area, lack of space, collocation with an ILS or 
approach lights, or unsuitable terrain beyond the end of the runway, the 
azimuth station should be located within the alternate siting area shown in 
Figure 23. The MLS azimuth antenna should not be offset sited if that run
way end is served by a conventionally sited ILS localizer. FAA Order 
8260.30A - IFR Approval of Microwave Landing System (MLS) describes a per
mitted offset approach procedure in which the zero degree guidance plane 
intersects the runway centerline at a point 1100 to 1200 feet toward the 
runway threshold from the Decision Height point on the minimum glide path 
offset course angle (alignment with runway centerline) not exceed three 
degrees. Possible locations for the MLS azimuth station providing an off
set approach need to conform to the appropriate obstacle limitation sur
faces, either the final approach surface or the transitional surfaces. The 
area for possible sites for an offset approach installation should be 
recorded if it is considered to provide a solution to a difficult Blting 
problem [11]. 
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Azimuth siting in the presence of an ILS localizer or approach light system 
is discussed in Chapter 6. 

b. Crit:J.:.:_~!_-~__l~_il_• Analyl leal and el{periment<ll t•ffnrts art• nll·r,•nt ly 
being conducted t() define the azimuth and elevation critical .trPa:;. The 
azl.muth system critical area depicted in Figure 24 was developt·d by simu
lating worst case conditions on the MLS computer model [12]. Tlw antenna 
was assumed to be ground mounted, and the aircraft scatterer w<t~; a B747 
orientr~d in such a way to give mal{imum signal disturbance. For each posi
tion of the simulated aircraft, a centerline, 3° approach was modeled and 
the maximum value of control motion noise (CMN) was recorded (regardless of 
the duration of the error). The critical area defined in l"igure 24 is a 
region where the scatterer produced a peak CMN value equal to or greater 
than 50% of the error budget. Other, less conservative, criteria are being 
examined to determine their effect on the size of this critical area. 
These new criteria, based on the principle of allowing the path following 
error (PFE) and CMN to be out of tolerance no more than 5% of a specified 
length of time, will likely result in a smaller critical area. The length 
of the critical area in the direction of runway threshold is undefined at 
this time. 

The azimuth critical area defined by the tenth meeting of the All Weather 
Operation Panel (AWOP) is also shown in Figure 25. 

Care must be taken to protect the area between the azimuth antenna and its 
field monitor. 

c. DME/P. The preferred location for the DME/P is at the azimuth 
site. However, this may cause the DME/P to violate obstacle clearance sur
faces (Part 77) if the azimuth is site about 1400 feet or less from the 
stop end of the runway. The distance from the stop end is found by deter
mining the necessary antenna height to insure adequate signal at gruund 
level from Figure 26 [11], and checking to see if the 50:1 surface is 
violated for that particular antenna site. If so, the antenna may be moved 
further back (and its height readjusted) until it does not penetrate the 
50:1 surface. The DME/P antenna may be also laterally offset in order to 
avoid penetration of surfaces. 

d. Obstacle Clearance. Proper MLS siting is influenced by the 
necessity to meet obstacle clearance requirements. In addition to those 
requirements in the ground plane containing the runway, there are imaginary 
surfaces that rise at differing slopes from different points on the 
airdrome that may not be penetrated. For the case of azimuth siting, the 
relevant surface is the 50:1 approach surface. Its inner edge is 1000 feet 
wide and lies perpendicular to runway centerline 200 feet off the end of 
the runway. It then extends for a horizontal distance of 10000 feet at a 
slope of 50:1 and expands uniformly to a width of 16000 feet (see Figure 
27) [13]. 

For an azimuth site 1000 feet off the runway end, this gives an allowable 
antenna height of 16 feet. Unless the antenna is mounted on a tower 
greater than 6 feet tall, the 50:1 surface will not be violated. However, 
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-'1 coll0c::1.t~d DME/P ::~.ntenna having an overall height of :1hout 22 feet 
(including ll.ghtnlng rod) requires an azimuth HI t1• Hetba(~k of at: ler1st 1100 
feet. Hencf!, it m<1y be desirable to site tlw DMI·:/P separ.1te From the :v:i
muth ::~.ntenna t0 optlmize azimuth siting. Whl'll Hlllng st•pi-lLll:!·ly, it rn<1y be 
possible to lower the DME/P antenna to clear 1 lw approach surf.tc''· 

In gencr-'11, obstruction standards specified in F'AR Pat·t 77, Subpart C shall 
be used to determine required obstruction clearance surfaces. If it is 
feasible to install an MLS azimuth antenna without penetrating an FAR Part 
77 surface, do so. However, if the only feasible siting involves 
penetrating an FAR Part 77 surface, that siting does not require a waiver 
but does require airspace review and approval. In any case, siting an MLS 
component must not violate required obstruction clearance as specified in 
the latest edition of Handbook 8260.3, United States Standards for Terminal 
Instrument Procedures (TERPS). 

3. ELEVATION SITE. 

a. Antenna Location. The elevation antenna is nominally located 255 
feet from runway centerline, on either side of the runway. To choose the 
proper side of the runway to site the antenna, the siting engineer must 
consider the space available, the presence of active taKiways, and poten
tial signal multipath and shadowing problems. The antenna phase center 
should be higher than the elevation of the runway, and the bottom of the 
antenna aperture should be higher than three feet above ground level to 
provide snow clearance. 

The MLS approach reference datum is a point :tt a specified height located 
vertically above the intersection of the runway centerline and the 
threshold. The minimum glide path angle and the height of the approach 
reference datum will be determined by FAA Regional Flight Standards 
Personnel prior to siting the ground equipment. FAA Order 8260.34 
(Glideslope Threshold Crossing Height Requirements) governs the selection 
of the height of the approach reference datum. Factors that will be con
sidered in determining these two siting variables are: type of operations 
(analogous to ILS Category I, II, or III), categories of aircraft utilizing 
the runway and their desired wheel crossing height, and length of runway. 

The l1LS elevation antenna provides conical coordinates and, thus, MLS glide 
paths are hyperbolas rather than straight lines. The elevation antenna 
should be sited so that the asymptote of the minimum glide path crosses the 
threshold at the MLS approach reference datum. There is a difference in 
height between the planar glide path (asymptote to minimum glide path) and 
hyperbolic glide paths at threshold; operationally it is desirable to mini
mize this difference. Figure 28 plots the hyperbolic glide paths for an 
elevation antenna sited to provide a 3° planar glide path for various 
antenna offsets. Thus, minimizing this difference is accomplished by 
siting the antenna as close to the runway centerline as possible. The 
relatively short height of the i1LS elevation antenna will allow siting the 
antenna 255 feet from runway centerline ('offset' equals 255 feet). 

Once the minlmum glide path angle and the height of the approach reference 
datum are established, the locatlon of the antenna may be determined in the 
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following manner. As shown in Figure 29, the setback distance (SB) is 
calculated using the approach reference datum height (H), the antenna phase 
center height (PCH), and the tangent of the minimum glide path angle (8). 
The next computation determines the hyperbolic glide path height at the 
threshold (HYBH). This should then be compared with the height of the 
asymptote of the minimum glide path (H). This difference (HO[F) should be 
kept to a minimum as previously stated. If this difference exceeds 10 feet 
it could present an operational problem, and alternative siting should be 
explored. Figure 10 gives the location of the siting area which achieves a 
planar glide path crossing height (asymptote to hyperbolic glide path) of 
at least 50 feet while keeping the hyperbolic path crossing height no 
greater than 60 feet (a phase center height of 7 feet and a 3° glide path 
was assumed). 

If the elevation antenna is to be collocated with an existing ILS glide 
slope antenna, the governing rules are given in Chapter 6. 

b. Critical Area. All comments concerning criteria for determining 
the azimuth system critical area, including the discussion concerning on
going work, also apply for the elevation system. Figures 31 and 32 define 
the critical area for the 1 degree elevation antenna, and Figures 33 and 34 
apply for the 1.5 degree system. The AWOP critical area estimate ls also 
given in Figure 35. 

c. Obstacle Clearance. Figure 36 depicts the transitional surfaces 
pertinent to elevation antenna siting [13]. No part of the elevation 
antenna may be closer than 250 feet to runway centerline so as not to 
violate the runway safety area. This optimum offset of 250 feet clearly 
violates the primary surface and the 7:1 transitional surface; however, 
there exists an exception which allows navigational aids to be sited in 
violation of Part 77 surfaces if the location is justified by the fact that 
the aid will not operate effectively elsewhere. The heights of the 1°, 
1.5°, and 2° elevation antennas are such that neither violates the 3:1 or 
inner transitional surface with an offset of 255 feet. Some elevation 
antenna designs are not frangible. 
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CHAPTER 6 SPECIFIC SITING CONCgRNS 

1. OVERVIEW. This chapter discusses methods of analysis and techniques to 
deal with multipath and shadowing problems, as well as criteria for collo
cation with ILS and approach light lanes. Where situations that i'lre beyond 
the scope of this discussion are encountered, it is recommended that the 
MLS Program Office, APM-410, be consulted. 

2. AZIMUTH STATION. 

a. Multlpath. Any objects in line-of-sight of the azimuth antenna and 
within the guidance region are potential multipath sources. Since the 
wavelength at the MLS frequency is about 2 inches, almost any concrete or 
metal surface will reflect, diffract, or shadow the MLS scanning beam. 
Smaller reflecting objects can cause narrow bursts of multipath as the 
receiver moves through the approach zone, but since the receiver is 
designed with acquisition and validation circuits to acquire the strongest 
and most persistent signal, the MLS will resist these bursts of short dura
tion [ 1] • 

The real multipath threat is from large buildings (such as hangars, control 
towers, etc.) and hillsides. These large obstacles can reflect the 
scanning beam over a wide volume. However, the potential for guidance 
error exists only when the approach path passes through the multipath
affected region of space and the ''separation angle" between the approach 
path and the reflecting surface is 1.7 beamwidths or less. This 
"separation angle" is the coding angle between the direct approach path and 
the obstacle as viewed in the plane perpendicular to the plane of the 
scanning beam. When this criterion is satisfied, the magnitude of guidance 
error is still a function of several factors, including the reflecting pro
perties of the offending surface. 

The bounds of the multipath-affected region of space may be determined by 
ray tracing. Figure 37 shows the plan view of a building which is acting 
as a reflector for the azimuth scanning beam. A "ray" is drawn from the 
azimuth antenna phase center to the extremities of the object; in this 
case, the corners of the building. The rays form an angle (e1) with 
respect to a perpendicular to the surface at that point. Then the 
reflected ray is drawn such that the angle between the reflected ray and 
the perpendicular (8r) is equal to ei. This yields the region of space in 
the plane parallel to the airport surface that contains the multipath 
disturbance. The vertical bounds of this region may be found by repeating 
this process for the elevation view (Figure 38). 

Hence, for a given approach path, multipath-induced guidance error is 
possible if the path traverses this region and, at the same time, the 
separation angle is 1.7 beamwidths or less. It should be noted that a 
diffracted signal will exist on either side of the bounds of this region. 

To give the siting engineer a quantitative feel for the type of situation 
that warrants concern about multipath, computations were performed using 
the MLS computer model. A perfectly reflecting building face of dimensions 
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')00' by 60' was placed al0ngside the runway and the control motion noise 
(CMN) was calr.ulat•~rl as a funetion of aircraft position for a ) 0 cenu~rline 
approach (A beamwidth of 1° was chosen to better illnstrat(~ the concepts.). 
For a given building location, the largest CMN value was recorded; this 
procedure was followed many times as the building was moved about various 
points on a grid, using the model. The result is the contour map in Figure 
19 which represents the peak CMN value induced by the 500' x 60' building 
face centered at that location alongside the runway (The patl1 following 
errors were too small to yield a meaningful contour map.). Note that the 
induced errors are small when the building lies out-of-beam, but they 
increase as the building is placed closer to the runway and the multipath is 
in-beam, as evidenced by the steep contours at locations near 2500 feet 
from the stop end. 

For comparison purposes, the same procedure is repeated in Figure 40 using 
a 1000' x 100' building. The larger reflecting surface obviously induces 
larger CMN errors, some of which are quite significant. 

Thus, if a large reflecting obstacle lies within line-of-sight of the azi
muth antenna inside the guidance volume, take the following steps: 

-trace rays to determine the bounds of the multipath affected region. 
Given this and the approach path geometry, determine whether the 
multipath is in-beam (separation angle 1.7 beamwidths or less). 

-if in-beam, and from a large structure, it may be advisable to use 
the MLS computer model to estimate the magnitude of the disturbance 
to help determine if a more narrow beamwidth should be used. The 
model indicates that buildings 100 feet wide can cause significant 
error (.04° CMN and .02° PFE) if the multipath is in-beam. 

b. Shadowing. The performance of MLS in a region which is shadowed 
depends upon many factors including the geometry of the situation and the 
time elasped during the absence of the signal. 

In the case where the signal is completely blocked, the receiver should 
coast through the interruption for time periods up to 1 second. 

However, usually there is not a complete absence of a signal, but there 
exists an attenuated diffracted signal. Sufficient' signal-to-noise ratio 
margins have been designed into the system so that MLS receivers are 
usually sensitive enough to acquire this diffracted signal. In the case of 
azimuth shadowing, if the discontinuity (or diffracting edge) of the sha
dowing object runs horizontally (the top of a building, for example), the 
separation angle is zero and there will be no guidance error as long as the 
diffracted signal is strong enough to be acquired. If the diffracting edge 
is vertical, the error can be large. 

If there exists a multipath signal reflected from another obstacle within 
the shadowed region, the guidance error depends upon the acquisition 
history. If the receiver has been tracking the signal for more than 20 
seconds before attenuation, the multipath will have no effect for at least 
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10-20 seconds [1]. [f there is no track history, the recelver may 10ck on 
to the multipath signal and cause large errors. This has been demonstrated 
in a situation where the direct signal was shadowed by a grove of trees and 
the receiver acquired the multipath signal reflected from a building. Scan 
limiting may remedy this situation, or the approach paths can he 
established above the shadowed region. 

In addition to buildings and terrain, humped runways may cause shadowing, 
particularly near the critical threshold region. As shown in Figure 41, 
the hump blocks the line-of-sight between the azimuth phase center and the 
point eight feet above threshold. The signal below line-of-sight is the 
signal diffracted over the hump. Although the separation angle is zero, 
the magnitude of the signal may be reduced significantly. The question of 
whether there is still sufficient signal level for proper receiver opera
tion is dependent on hump geometry. The MLS computer model may be helpful 
in deciding whether a runway hump mandates raising the azimuth antenna. 

Hence, is it important to identify regions of space in which the direct 
signal is shadowed. This is most effectively done using a phototheodolite 
placed at the azimuth site under consideration. A skyline survey should be 
taken through 360 degrees to record site details including angle and 
distance of skyline and to identify areas in which azimuth coverage may be 
shadowed. It also allows determination of the size and location of all 
large buildings or terrain features which could be possible causes of azi
muth multipath and/or shadowing [11]. 

c. Collocation with ILS Localizer. Several studies, both experimental 
and theoretical, have been conducted to assess adverse effects of the MLS 
azimuth antenna on the performance of the ILS localizer, and also effects 
of the presence of the localizer on the MLS azimuth signal. The following 
are preliminary recommendations. 

The characteristics of localizer arrays and knowledge gained from previous 
experience indicate that placement of the MLS azimuth station on localizer 
course centerline should produce the least effect on the course. The 
region investigated was from localizer course centerline to an maximum 
offset of 500 feet. For an offset of 20 feet, appreciable effects on the 
localizer course were noted; as the offset was farther increased, the 
effects on the localizer course were reduced but still considerable. Table 
3 summarizes the data collected for the three types of localizers investi
gated. This table is composed of two headings. The data under the cen
terline heading show the effects on the localizer course for the MLS 
azimuth station mock-up on course centerline for placements of 50 and 100 
feet ahead of the localizer array. The offset heading contains the data 
that produced the maximum effect on the localizer course for distances 
ahead of the localizer array 50 and 100 feet. The numbers in parentheses 
are the offsets from the localizer course centerline where the MLS mock-up 
produced the effect. 

The flight measurement data confirm that siting the MLS azimuth station on 
localizer course centerline is the only feasible placement when the azimuth 
station is sited ahead of the localizer. The data indicate that for 
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Figure 41. Azimuth Signal Diffraction by a Humped Runway. 



Table 3. Summary of Localizer Flight Measurements. 

SYSTEM CENTERLINE OFFSET 

@50' @100' @50' @100' 

GRN- 27 10 !J.A 11J.A 34 IJ.A (20') 19 IJ.A (30') 

V -RING (8) 9J.!A 5 IJ.A 57 IJ.A (20') 17 !lA (20') 

LPD (14)* 1 IJ.A 1 IJ.A ------- 22 !lA (21 ') 

*effect of MLS azimuth antenna only 
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localizer arrays similar to the GRN-27 or a 14-element wide aperture log 
periodic dipole, siting the MLS azimuth station 100 feet ahead of the 
localizer has negligible effect on the locali?:er eo11rse. For the 8-clement 
V-ring some effects were noticed at 100 feet. TIH·r·,~foi'"L', wlwn posslh1e tht• 
MLS azimuth station shold he slted at dlstant~es grc•at••r than 100 feet for 
these types of locallzers. 

If the localizer is close to the stop end and mountlng the azlmnth antenna 
ln front of it would violate obstacle clearance requirements, oc lf 
problems with approach light systems require the azimuth antenna to be 
tower mounted, the azimuth antenna may then be behind the localizer. In 
this case, the azimuth antenna phase center should be at least 1 feet 
higher than the localizer elements and mounted in the horizontal direction 
no closer than 10 feet. As shown in Figure 42 [14], as the azimuth antenna 
is moved further back than 10 feet, the phase center should be raised to 
insure that the localizer is in the sidelobe region of the azLmuth antenna 
vertical-plane radiation pattern. 

If the localizer has a backcourse, symmetrical siting of the azimuth 
antenna is important to minimize disturbance to the backcourse signal. 

d. Coexistence with Approach Light System and Other Objects in the 
Near-Field of the Azimuth Antenna. Small shadowing objects such as poles, 
chain link fences, and power lines in the far-field of the MLS antennas 
have negligible effect on performance [7]. Such objects may introduce 
error, however, if they are within the near-field. The distance from the 
antenna which defines the far-field/near-field boundary is given by 

Distance from antenna 

~here 0 is the longest dimension of the antenna (the diagonal for a rec
tangular aperture, or the length for a line array) and A is the wavelength. 
For example, the far-field boundary is about 421 feet for the 2° azimuth 
antenna, and 872 feet for the 1° azimuth antenna. 

Experiments have shown that metallic cylinders as thin as 4 inches placed 
200 feet away on boresight from the azimuth antenna can cause significant 
error [9]. All efforts should be made to remove objects from the near
field, and minimize the width of any that must remain. 

If an MLS is to be sited on the same end of a runway with an approach 
lighting system (ALS), a potential conflict exists. The azimuth antenna 
must clear light structures in front of it to insure signal integrity while 
not blocking any lights and therefore reducing the effectiveness of the 
ALS. 

The approach light plane is an area containing the lights in a single hori
zontal plane at the elevation of the runway threshold centerline and is 400 
feet wide centered on the extended runway centerline. It may be horizon-
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Figure 43. Elevation Beamwidth Criterion for Front Course Terrain (from [1)). 



Howeve~, the offset distance from runway centerline is an impo~tant factor 
in assuring satisfacto~y glide slope performance in the p~esence of the 
elevation antenna. 

Considering ground plane effects, i.e. Fresnel zone, and knowll•dge gained 
f~om previous glide slope investigations indicate that the t•ffects on the 
glide slope course caused by MLS elevation equipment can lw minimized by 
avoiding siting that penetrates the Fresnel zone. The F~esnel >:,>tll' 

migrates on the line between the receiver and the glide slope, changing in 
size as it migrates. To minimize the effects on the enti~e glide path the 
MLS elevation station should be sited so that it lies outside the region 
through which the Fresnel zone migrates. This indicates that siting the 
MLS elevation station on the run s.ide of the diagonal between threshold and 
the glide slope should produce little effect on the course. 

Table 4 contains the flight measurement results for the sideband reference 
glide slope. The data collected for this system show it to be the most 
sensitive to the MLS elevation equipment. Figure 44 shows the location of 
each position relative to the glide slope. The diagonal between threshold 
and the glide slope intersects the 1 and 1 1/2 degree l'ILS elevation rows at 
offsets of 332 and 348 feet, respectively. The flight data show that for 
offsets greater than 350 feet, the effect on the glide slope structure is 
severe. Offsets of less than 350 feet produced a lesser effect, exhibiting 
a minimum as the offset approaches the minimal 255-foot offset. In the 
event that the glide slope is offset 250-350 feet, it may be possible to 
site the MLS elevation station at an offset 50 to 100 feet greater than 
that of the glide slope. However, at this time there are no data con
firming that this type of siting will produce satisfactory results. 

4. DISCUSSION OF COMPUTER MODELING TO AID IN SITING. A computer model of 
the MLS was developed for the FAA by the Lincoln Laboratory of M.I.T. to 
assess the effects of reflections and shadowing on system performance. The 
model is currently operational at the FAA Technical Center, and at the 
Avionics Engineering Center at Ohio University. 

The MLS model consists of two smaller models: the propagation model and 
the system model. The propagation model calculates the reflected and/or 
shadowed signal at all points along a given flight path. The system model 
then predicts and plots the raw error, path following error, and control 
motion noise as a function of distance along the flight path. All user 
defined parameters are read into the model via a FORTRAN BLOCK DATA 
subroutine. Graphical displays of airport layout (including placement of 
user-defined objects), and flight profile are included. 

If the siting engineer deems it necessary to model an airport scenario, a 
list of the following information is needed as input to the model: 

-the x, y, and z coordinates of the azimuth, elevation, and DME 
antennas. The origin is defined to be the intersection of 
the centerline and the stop end of the runway. The x-y plane 
lies on the airport surface, with the positive x-axis lying on the 
centerline. The positive z-axis measures altitude and passes 
through the stop end of the runway. 
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Table /L ::tructure-Sidcbaud Rer(~r-(•JH.c Cl ide ::lope. 

POSITION ZONE 2 ZONE 3 CAT COMMENTS 

1 1/2° "" % Tol. pA % Tol. 

1 (450') )20 )100 )30 )100 OT 50 pA reversal 

2 (425') 44 220 )30 )100 OT 45 pA reversal 

3 (400') 23 115 )30 )100 OT 48 pA reversals 

4 (375') 10 50 29 145 I 

5 (350') 8 40 12 60 II 

6 (255') 10 50 8 40 II 

10 

1 (450') 31 155 26 130 OT )40 pA reversals 

2 (400') 29 145 28 140 OT 37 pA reversals 

3 (375') -- --- -- --- ---

4 (350') 8 40 l3 65 II 

5 (325') --- --- -- --- ---

6 (255') 6 30 8 40 II 

NORMAL 12 60 10 50 II 
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-up to ten n·ctangular and ten triangul.tr plat1~s represent lng 
spt~cular ground reflection may be spe(~lfled. Their coordlnato·s, 
RM~-l ~;urf;w•· rr)uJ~hness heleht, .:1nd compl••x di•·leclrie const:tnl 
:tr•~ r'~'l'llr,!d. 

-a total 0f ten plates representing scattering and shadowing building 
surf"ices can be specified. When necessary, each building can he 
represented by more than one plate. For each plate, it is required 
to know the coordinates of the corners, the surface roughness, 
compleK dielectric constant, and the tilt of the building with 
respect to the vertical. 

-a total of ten scattering and ten shadowing aircraft can be modeled. 
Each aircraft is specified by the x and y coordinates of the nose 
and tail, type of aircraft (B-747, B-707-320B, B-727, DC-10, C-124, 
Convair 880, or Hastings), and the altitude. Other aircraft may be 
modeled if necessary. 

-the x, y, and z coordinates of the front, center, and back of a 
runway hump. 

-the number of waypoints in the segmented approach, the x, y, 
and z coordinates of the end points of each segment, and the 
velocity of the receiver in ft./sec. 

-runway length and width, the coordinates of the glide path 
intercept point, and the 3dB beamwidth of the antenna system. 

For further information on MLS modeling, contact Federal Aviation 
Administration FAA/APM-400, 800 Independence Ave. s.w., Washington, D.C. 
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