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PREFACE

Trrsanformational bandbook has been prepared inresponse to a requirement
'evied by the SAC Instrument Fhight Course (SIFC), Castle AFB Califormia

fhe IMhcrowave Landing System (MLS) is projected for worldwide
'natatlation and use by both civitian and mihitary faciiities  This handbook
has been developed for use 1n conjunction with an individualized lesson plan,
prepared by the SIFC faculty. +-have attempted to layout “Fhe 'nstory
ﬁevelopment advantagea and future projections for this excellent svstem.

o B
!

The handbook is not a text for engineers, put for the prlot who is interested

v sarety of flight, notse abatement, and increased system confidence + My @

'ntent 10 authoring thi= project was to provide a brief introduction to the
“eas0ns behind the transition from Instrument Landing Syster (1LS) to the
Facrowave tanding Systemn (MLS),  and the international scope of this
endeavor.  Through the compar 150N of the operational ana maintenance
advantages of these rwo sy aterl_,,\t hupe to capture tha interest of pilot: by
rraking them aware of the tremendous technological gains embodtied 0 the
Macrowave Langing hyster.
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MLS - An introduction

"Flying can best pe characterized as hours of boredom punctuated by brief
moments of stark terro=" The piriot that made this observation may we!! have
been referring to the terror experienced guring a ‘rea! weather minimums
aporoach.”  The purpose of this handbook 1S to introguce you to one of
technoiogy’'s answers fto the terror of transttion, approacnh and landing, or
mresed approach in mnmum weather conditions. A basic famiitarization with
*ne history, design and application of the Microwave Landing System shoulg ad
you ' understanaing how to best use this new system to your advantage.

Why a New Landing System?

Since 1949, the aviation community has used the instrument landing system
(‘LS) as the wor!dwide standard for precision approaches. The military
empioyed their own backup system, the grounc controlied precision approach
radar (PAR). Both systems were design iimited to a single approach path and an
operattonal minima of a 200-foot cetling and forward visibility of one-nhaif
miie (1:12)

The ILS and PAR =y<tems have constituted the cornerstone of military
fancing systems for the last thirty-five years. During this time, the systems
nave undergone martor modifications which have resuited n significant
improvements . performance and reltapitity with the addition of many costly
'mprovements to protect against signal degradation, lower minima (designated
Cat i/ (Cat ) coula he gbtamned on the {LS(1:12) However, the systems stiil
vamaineq severely limvteg froem a design standpoint.

Trere are five major technical limitations to the LS system. The rmost
stareficant deficrency 15 1ts susceptiptiity te signal interference. Multipath
metiactrons from topographic features, buticings, and other atrcraft, airborne or
ar the aroung, result in signal interference to both focalizer and gitdesiope
irfarmation  This erroneous data manifests itself in the momentary 1055 of
=rgnal duting the approact. or misal'anment of centerline anc glicepath
mfarmation The secong limitation ‘s due to stringent requirements on
anterna piacement. To assure proper signal propogation, the LS glide slope
artenna requires a fiat area void of opstacles for at least 1200 feet directly in
frant of the antenna Therafore, terrain at the ground site hecomes the primnary
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determiming factor 1n beam patterniny  Obstacles ¢fter result v nling
Spots on the anproacnes, as a resutt, many awrfields are deemed unsuitable for
LS use. Third, the ILS glide path signal 15 designed to be bounced off the
grounc, as a result, changes in ground patterning or meisture content aue o
such severe atmgsopheric effects as snow, heavy rawmn,  or sleet aaversely
affect transmission of the ghide stope signal  Fourth ieherent In the use of
VHF and UHE frequencies, 16 the tirited 40 channel frequency avaiability with
even qreater service himitations in some ateas tue Lo trequency assininents
already 1n exiztence  The Fifth, and most sige e grr hetation to J1r traflte
controt t5 the single pearn destun. Providing narrow course guidance (- 3 Lo o
degrees), combined with 4 singie glide pate, itmited to 4 degrees eirvation
arrcraft are often stacked in holding patterns to faciittate the stramgnt-in
approach sequencing. The lack of system flexwntlity ard hmited guidance miake
sequencing of priority traffic a problem, and often reguire overfi:gnt of
populated arezs (112) (10:14) Recognizing these constraints, the Faderal
Aviatton  Admimistration (FAA), interratiorai Crvil Aviation COrgartzation
{({CADY, ana 'nternational user governments began 'ne search for a worldwiage
replacemernt for the present ron-visual precisian aporoach and landing =ysters
suttable for both military and civiiian application

New beginnings - MLS design requirements

in 1971, the Radro Technical Commission for Aeronautics Spectal Committee
No. 117 (RTUA SU-117), a3 group representative a! government, industry and
aviation system users, opresented a Development Objective (DO-148) which
establisted the quidelines for the ensuing search ‘'or a replacement for the
gresent 115 i 19773, the Internatiornai Civ'! Aviation Organization {{CAQ)Y,
provided the operattonal requirement for "A New Nor-Visual Precision Apcroach
and Landaing System.” Requirements for a new ricrowave tanding systern were

a Provide a high integrity =ignal in space, which 15 insensitive '~ a
physically dense airport environment,

D. Permit atl-weatner operations with an extrernely high degree of
cafety.

¢ Pravide foroa common Cvit/mlitary syatern mnoaccorgance wett
natinral poicy

1 Brgviige Tor low Cost versmans wiiich wa il merget the eatpagies wd
service to low density awparts on an econantic 2! bazts;

I R R e A R e I R I L T T T e I P T O TN LI o e e e et e T T et
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e Fuititt operatioral needs of V/5TOL awcrart for approach ang
ard'ng services,

f Provide 2 flexible qguidance systern which will aid in norse
apatement.

g. Provide tre capacility for generating curved approaches tu
TUNWAYSs as A means for increasing airport capabthity,

h. Permit fezs separation (2500 feet) of paraliel instrurnent fight
rittes (1FR) runways,

i Provide tor tactical military versions of the system on 2
compalible basts;

i Provige 2 system design which will be internattonally acceptable
2s a replacement for the ICAO standard VHF/UHF LS ana will meet
worldwide requirements unti! at least the year 2000 (1:16)

The MLS - Going Operational

Between 1971 and 1978, numerous systems were tested worldwide, and the
AL selected the Time Reference Scanning Beam (TRSE) technique as the new
worid standard. After 1t s selection, the new TRSB Microwave Landing Hystem
spent thirteen years n design, test, and evaluation. As intended, the
development ang prooting of the system was truly an international effort. A
contractor s informational manual descriped the worldwide status of the MLS,
in 1983 as follows

"1CAO:  Stardards and Recornmended Practices (SAKP=) for the angle

nortion of the systern have been completed. The Precision (DME/P)

SARPS are expected to be completed 1n 1983

US. FAA: A request for proprosal was issued in April 1983 for 172

systermns plus optiors to be orocured with FY-1982 through FY-1980

rurgs By 1939 the FAA expects to be installing 100 systerns per year

unti? they have 1,250 tnstallations. These first 172-plus systems wil!

gecome gperational between 1986 and 1988, '

U.S. Non-Federal: 7re worid's first MLS (a Bendix sy=tem) was

cornmissioned for {FR operations at Vialdez, Alaska, on 16 Novernber

1982, Additiona! comriastonings are expecteda in 1983

International: Tne .Japanese CAB 1s testing the second iteration of
MLS butlt in Japan. The British CAA has ordered a Bendix system and
w'!t start testirg at Stenstead near London in September 19873
Trarsport Canada s awaiting detivery of a test system which wiil be

o
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used to develop their specifications for procurement mn 1985, Frarce
has a systern 'n development. The U5S5R. 1= testing their second
iteration TRSE system in Leningrad "( 8 10)

worldwide, 400-500 microwave landing systems are projected to be
nperational by 990 Total transition from ILS te MLS 15 estimated to nciude
3,000 systeris with an operational target date of the year 2000. (8 ') As of
084, Valdez, Alaska (Fig. 1) remains the only sperational MLS system wothan
the United Htates. A second syster 1s presently undergo'ng testing at tne At
Force's designated fead-in base, ohemya, Alasha  Fquipment cert:r v aton
ncludes specification and  performance  testing of airborre ana grouny
equipment as well as the establishment of FAA mamntenance reporting and
technician certification. (1.2)

Standard Configuratjon

An impressive new system, the MLS is functionally divided irto five
separate parts: (a) approach azimuth angle guidance, (h) back azimuth angie
guidance (c) approach elevation angle guidance (d) range guidance and (e) gata
cormrunications.  These functions reflect a standard configuration L5 A
description of the associated ground equipment’s functions are as foitows:

The approach azinuth station provides the angle quidance ana data
cormmunicatiors infermation for the system.  Tne datz comrunmatons
mformation refers to the status cf the equipment ang transmission relraniltty

The approach elevation station to provide approach elevation guidance angle.

Range gu'dance is provided tnrough the precision distance measuring equip-
ment (DME/P) simitar to the previously used DME systerns but with upuraged
accuracy and increased channe! capabilities.

Tre MLS identification is alphabetic, four i tters long, and 15 preceded by

the letter ™ (7:321)

Advantages of the MLOS

Long in development, the Microwave Landing System (MLS) promises to pay
hack even tonger in beneftt= The new MES fulfills all of the requirement: of
HCAO Developrient Objective 1dd, boasting the answer s Lo problems created
by difficu't rerraimn features, increased margmns ot safety during ms=trument
conditions, approaches over populated areas, and servere weather condtions

4
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MLS/STOL -1 RWY 6 Valdez, Alaska (Fig. !)
Excerpt from Alaska Terminal Approach Publication
FOR TRAINING PURPOSES ONLY
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which hindered the uperation of the old ILS system. How does tne MLD aeliver
o~ all these promises? {t delwvers with  precise defrnition of ar arcneq
approach patt from any point 1p space the priet selecta T state-y!=the ot
2 navigation awd provides this curved path guidance through precise A=t
elevation angles, and range 'nformation.  AM' aspects of this dats can ve
tsplayed on conventional course deviation tnaioalars o incorparated ' o new
CRT cockp:t displaysiFig.2X2 45 The MLS atlows tremendous flextiroty e
approach paths while assuring terrair cleararce tnhraugn aata Innerssr i the
grounc equipment. This increased operational cavantity represents the TAA'S
principle rmotivatien Ir supporting the deveicpment and deployrment ¢ 'h 5
increased precision of the approach gquidance, ease of system nstz-lation,
improved reliabihity, a decreased susceptipti*ty to  electromagrern::
nterfenence (HELR o Tie groume ang ' the aiv) Zug bhe Tan inigres Senmie T
avallapie tranmission channels resyit ‘n the MUT peing rated technotarcatly
Supertor te the present ILS.

Alrspace management 5 also enhancea by the Miuh  Flying the (LS 2tows 2
cegree of flexibitity for Air Trartic Controiiers ")"ovsou-.)!y realized anly in VFR
conditions  Course guidance for the MLL deprots 4 curved patn simiae to o
visual nigh key, or low Key fligntpath. Therefore, the MLS affords an increase 1n
rumbere of aimcraft which can be effectively nandled unger rerrument
conditions F!Yir*q the 1L.S, aircraft must carfully sequence along the rarrow
peam guidance. Tne flight path Closely resemples a VFR straignt-in zpproscn
path. The asulr g lack of flexibility, sequencing celays and overcrowd g

contrast the MLS is responsive to performance ¢r:teria ¢f different »-cra®t
and tirrtations of terrain, and overfiight restrictions  Using the 9 to 20
degree MLS elevation scan. 2 pilot may select varieg appreacn angles (to
include two-step glide stopes), best suited te his aircraft and cvrau'nst«nca

The separate 40 degree horizonta! wide sweep plare, nermits use of uricue
curveg flignt paths These curver approach patns, simtiar to a2 VER firght path,
'oin the projected runway centeriine at apregeterminec noint on the aperoacrt

These new irstrument optlors mesu’t 'noless gelays in approach sequenc'ng
w 't Lhe ginngrt terminal ares The aid by Yo g doniroller te Safely sanuens &
‘arge ard small atrcraft onto the Tiral approach patn provides an addeq ot
ot flexiptirty ang =afety wner deating with resrrictions of wake turbu'ence ara
notse ahaternert. One of the rmost unusual features of the MLS 15 1t proviges
1sseq appreach guidance. This quidance incluges glhide/climb path 2ata to
assure safe ‘ransition with terrain ang opstacle L!ea!‘-.:mce. This guidance 15
nrovided wrthn a 40 degree fan on the departure ena, extending te S »r:, arg

o
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5,000 ft. AGL (Fig. 3) (5:Ch.4Fi5.8) Th:s safety ractor allows the nilet to
=g a

l depart the terminal airspace and safely trarsitien 9 2 designated oz

5 reentry point (5.64)
5 Des'gneg with reliabitity ana ra'ntainapihity 1 meng, M5 ground eauiprier!
J car be remotely operated and moritored py maintenarce ar tower percerne!
| Tnis new syster’s digital destgn of the grouna eguipient, putlt to ractivtate .
, QUICK cnange-out of line-replaceable units (LRU), faatures redunaart sys=tensy
and “fati-soft’ technology  A!l ¢cround equipment has neen des'greg with . ’
self-mor'toring capabiitty which can be evaiuateq at pup--otiocareq arass aydn
I as the airport tower, or ma'ntenance fac!hvty(3.10)
- ELYING THE MLS
. Although MLS cockpit equipiment varies from tne old L5 receiver, the actua’
il guidance can be displayed on the present flight director systems most of our
- reititary arcraft use The ma‘or notable system ¢'fference te the prlote wit!
pe the replacement of the ILS receiver with anMLS receiver. The MLS recetver,
once the frequency atlocations have been made, w:ll atlow the pilot to giar i
I one frecuency which will provide course gu'dance and associateq DME/O
nformation.  Presently, some o the developrnental systerns requ're two
51 separate recetvers one for tre LS and one tor DME/P. A more proncunceg
- difference wt!! be the ability of the pilot to seiect the ghideslope ne
o determines best serves his perfcrmance reguirements. !t further give nmm tne
I ab:lity to set in a degree of centertine offset. Tris offset function a''ows the
% MLS to establish 2 curved fhight path to the runway Certain safety parameters
- are estaplished within the MLS approach systern, whicn wtlt not aitow the ptiot
;f; to set unsafe parameters into his onboard eguiprent. Each operationai ML5
};3 will nave a maximum and mintreum glideslope, and & maximum azimuth (Couse
- offset), selectable by the pilot. Shouid the ptlot select parameters outside
ftﬂ those estabtisred In the systern, a visual and aural warning is introcuced frorm
2 the ground systern  In the future, some MLS multiplex systems will cave e
ability o (2’ up six seperate areas of airfiela data, to nciude ity
r rdentification, facih'ty category, rinimum ¢lide s'ope, runway tdent:! i ation,
52: runway congition, and azimuth  This systerm oroviges ever (rare =xfety ‘
;, 'mformatior for the qircrew flying the approach (2 4!
;
May
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FIGURE 3-COMPARIG N OF MICROWAVE LANDING SYSTEN
1 INSTR! MENT L ANDING SY=TEN

Microwave landing system
Contwnyous distaree

e e T
PR e / el Tmeasur ement
~. ; «

ol kel ~
Wt e -
- ‘\.

2,000-ft rolloyut and /
missed approach —"\

“hrzed approach quidance ‘ :-.,,
Elyis wlde(420°)-’ \ f

xS e
i T -7 No Lmique appraach path
;’:ﬁﬁu _-j 'L P

f It
B : | oot
\IZE“?U“ 20 Ml e

CNM

-’

Durdance 20 deep, 12U° wide
(¢ K0°) coverage to 20 0001t

nstryrnent landing systern

No continyoy: staince
measyrernent two Jiscrete range
ndicatines praveded by fan markers

&,;::‘ - Unque approach path
hiter
; t <tended
Z _ \ =y ke § © s runway
I Mddie % A, S i " centerhne
. S tnarker l‘ bt g .g——____—.f-‘_
: e | .
p Mis:zed approach T~ r_\,_/_’_,_.—f—*"""
N quigance n a:\muth :’\
N onily ::::.:—- § v I, o
i.. f&,_ \ .3 5 NMI Apprav Approne —er""
5 \ " 20 NM! Ranqe
: (S
: Source: Federal Aviation Admin
i 9 SR (T
T et e N e T T T T T e T T T T T e e e e T e T e e e T




THE FUTURE

g The Microwave Landing System promises to contihue proviaing nosttive

|’ improvements to the internationa! theater of flying  Future aopircations \
include portable MLS systems to be used in military deployments. uoint =ervice
testing began in 1983 on a ioint tactical microwave fand'ng syztem (JTHMLA)
With this exceptioral new system, the anxiety of an approach over threaten'ro

: terrain ir poor weather will be sigm:ficantly lessened. Highly depengap’e, %

I. can assure reliable data from altitude trrough touchdown or missen

5 aneroach (3

The new JTMLS i3 envisioned as the heartbeat of real world rmepihity
scernar1os which might reguire approach information in an austere !anding

F environment. The JTMLS is a hightweignt, portatle landing system basec or: 1.5
, tecnnology. Set up time is proiected to be 1S minutes, and can be accomnltared
< by a crew of two technictans. This new system nhas recetved much attent on

from the Army They view the JTMLS as a primary aid i assuring a pos:tive
' nosition of mobility. If an engineering force can establist: a "wartime " tandirg
I strip, this system can assure reliable instrument approach data in a zero-zero
environment. This new system has many advantages wnich make it a key player
in future mobility planning.(Fig. 4) (3:Fig6)

T fn the year 2000, MLS approaches will represent the standard. Abproach
l plates calling for 5.2 degree minimum glide slope for noise abaternent, a 40
- degree curved final, and a roll out point 1/2 mile from the runway threshold

will be common.

This handbook has endeavored to familiarize you with the history of the
microwave landing systemn, the nuts and bolts of the systern ana it = fhaht
application. MLS is the wave of the future, 1t's beginnings are here ana now
Hoth the MLS and the JTMLS, presently under development, wili sigrrtoantly
enhance flignt safety and mission accomplianment (3:6)
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FIGURE 4 - "ML ADVANTAGES

Y Cornples approach path: "
110t selectable course/ -
hdes'npe e e

'I
.‘/'
1 13 manute set-up by 2 men e
Mo operators required it
_—FF-—'-‘ P
-t-f'.—-_’ ’/
o -
4 Low power/Less suscephibie ol
to detection =
a -

5 Battery powered

Simultaneous quidance to
all aweraft n ares

7 interaperable wath other
services, NATQ

2 Luw mimmums with greater
4 Multi-path reje tion ..
zafety

(T 11 Fig6)
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ATC - Air Traffic Control

CAA - Civil Aeronautical Association

CAB - Civil Aeronautics Board

CAT H/CATIIY - Catefory two or Category three (instrument minima)
CRT - Cathode Ray Tube

DME - Distance Measuring Equiprment

DME/P -~ Precision Distance Measuring Equipment
DO - Development Objective

FAA - Federal Aviation Administration

ICAD - International Civil Aviation Organization
JER - Instrument Flight Rules

ILS - tn3trument Landing System

JTMLS - Joint Tactical Microwave Landing System
LRU - Line Replaceable Unit

MLS - Microwave Landing System

PAR - Precision Approach Radar

RTCA - Radio Technical Commission Aeronautics
SARP - Standards and Recommended Procedures
TRSB - Time Reference Scanning Beam

UHF - Ultrahigh frequency

VHF - Very high frequency

V/5TOL - Vertical Short Takeoff and Landing (aircraft)
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