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MLS MATHEMATICAL MODEL USER GBOUP HEETING
AGEHDA

NOVEMBER 6-7, 1991
FAA TECHNICAL CENTER
ATLANTIC CITY INTERNATIONAL AIRPORT, NJ 08405

DAY 1 - HOVEMBER 6, 19%1

Morning Session - 9:00 to 12:00

Welcome

MLS Program Overview Steve Wolf, FAA
Military MLS Program Gerry Headley, USAF
Bendix MLS Frogram Dave Huntington, Bendix

Lunch - 12:00 to 1:00

Afternoon Session - 1:00 to 4:00

GELTI Demonstration Kent Chamberlin, U. of N.H.
Azimuth Ground Crossfall Effects Al Lopez, ARL Associates
Elevation Diffraction Error Kazunobu Koremura, ENRI

DAY 2 - HOVEMBER 7, 1991

Morning Session - 9:00 to 12:00

The DME/P Model Jesse Jones, FA4
Validarion of the DHME/P Model Stefan Kruger, ©.U.
DME/P Critical Areas Jaikishan Rajendran, 0.U.

Lunch - 12:00 to 1:00

Afternocon Session - 1:00 to 4:00

Electromagnetic Reflection
and Diffraction Michael Kleintz, DLR

Specular Ground Reflections Hollis Ryan, CTA Inc.

General Discussion
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PROBABILITY OF UNAVAILABILITY
CONFIGURATION
Category | Calegory i Category i

Unehanced 1.3x10" 1 1
Augmented GPS constellation

24 + 6 saiellites 2.3x10° 1 1

24 + 12 satellites 3.3x10° i 1

24 + 18 satellites 7.7x10" 1 1

24 + 24 saieliites 23x10" 1 1
Two geostationary satellites 6.2x10° 1 1
Pseudoliies

One per runway 1.6x10° 1 1

Two per runway 73x10" 1 1
GPS/GLONASS 57x10" 1 1

+ No Configuration Has Unavailability Within Factor-Of-10
Of Less-Stringent Requirement (2.0 x 10° )

Microwave Landing System

2263101 1/101697 + 23
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Sensors
- Forward-Looking
« MilliMeter Wave (Ml
Objective

- Assess Feasibility 0% Cuweﬁ% And Project Future

ﬁ?@@@i@gﬁ’

Review Current Technol ogy And Trends
{Pe?%m% Knowiedge, Meetings With
Government And %Mus*&ry}

- Generate Simulated EVS Images For Several
Altitude And Weather Conditions

Microwave Landmg System
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“Curved Approach Capability

& =

liminary MLS Certification Data
tification In Fall '91 - Customer interest
B - 747 Certified For CAT lii
Midway Airlines DC-9

ILS/GPS Receiver

- MLS/G

Microwave Landing System

2263101 1/101681
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User Costs . ..

The Real Cost To The Users For MLS Avionics Is Calculated By Taking The Difference
Between The Expected Costs Required To Continue With ILS And The Anticipated
Cost To Equip With MLS
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GERRY HEADLEY
USAF

MILITARY MLS PROGRAM
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DAVE HUNTINGTON
ALLIED-SIGNAL/BENDIX CORPORATION

BENDIX MLS PROGRAM






HLE HMATHEMATICAL MODEL USERE GROUP MEETING

FAh TECHNICAL CERTER, ATLANTIC CITY

NOVEMBER 6,7 19%1

BENDIXZ COMMUNICATIONSB DIVISION

1)
2)
3)
4)

5}

)

KLE CAT I OVERVIEW

HATH MODELING FOR ML8 CAT I SITE EBEHNGINEERING

HL8 CAT I BITE LOCATIONS

FRELIMINARY SIMULATIONE OF RUNWAY HUMP SHADOWING

BYSTEMS AWALYEIS TO INCLUDE EFFECTE OF RUNWAY HUMPE,
SHADOWING, UNVWANTED REFLECTIONS

HLE AIRCRAFT ANTENNA PERPORMANCE UBING GTD ANALYSIE
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MATH MODELING FOR MLS CAT I SITE ENGINEERING

5 PRESENT CONTRACT WITH FABR FOR 26 CAT I BYSTEMS

© 26 Deliverable Systems (FAA FAR-171 Approved)

o Each deliverable system includes:

0 2.0 deg AZ antenna
o 1.5 deg EL antenna
o DME/P

o Generic Installation Drawing Package

o Footprints

o Installation

o Field monitor location limits

o Signal and power cable interfaces

o Delivery starts June 1992

c Delivery rate 1 per month for 26 months

# PREBENT CONTRACT WITH JIL THRU FARA FOR BITE ENGINEERING
o On~Site engineering at all 26 locations per FAA requirements
o Task will influence flight procedures per user reguirements

o Generic installation drawing package adapted for
specific location

o Math MQdeling may be required at some locations

o Humped runways
o Collocation with existing facilities

Localizers

Glide slopes

Approach lights

ADF

ADF

AWOS

Weather stations

Existing and future buildings

C o000 000

o Aircraft blockage and shadewing







ML CAT I SITE LOCATIONS

SITE LOCATION * POSSIBLE MATH MODELING
1 Seattle WA (SEA) TB, 8B, BR, AR
2 Pullman-Moscow WA (PUW)

3 Portland OR (POX)

4 Dutch Harbor AK (DUT)

5 San Francisco CA (SF0) 8T, TB
& Philadelphia PA (PHL)

7 Eagle CO (EGE)

8 Laconia NH (LAC)

9 Flagstaff AZ (FLG)

10 Lebanon NH (LEB)

11 Steamboat Springs CO (SBS)

12 Mieggs Field IL (CGR) BR

13 Dallas~FT.Worth TX {(DFW) BR

14 Midway Airport IL {(MDW)

15 Wash National Wash DC {(DCA)}

16 Laguardia Airport NY (IGA)

17 Favetteville AR (FYV)

18 Buffalo NY (BUF)

19 Cmaha NE {(OMA}

20 Roancke VA (ROA) HR

21 NY Wall Street Heliport (NUWS) BR

22 FT. Swmith AR {(FSM)

23 San Jose CA (SJC)

24 Cakland CA (0AK)

25 Taiwan

26 Taiwan

Other Airpots being considered:

Bethal AK HR

Dillingham AK HR
8t. Marv’s AK sT

Unalakheat AX

* Legend

HR humped runwvay

ST sloped terrain

TB terrain blockage

SB shadowing by buildings
BR building reflections
AR aircraft reflections







PRELIMINARY SIMULATIONS OF RUNWAY HUMP BHADOWING

ATRPORT RUNWAY TERRAIN WITH HUMP

MODELS FOR HUMP IN TERRAIN

1} KNIFE EDGE

o Straight forward computation
o Crude model
o Results guestionable XMIR RCVR

2) CYLINDER

o GTD computation *

o Computational difficulties
in shadow region and at
small grazing angles

3) PLATES

o GTD computation *

o Computational difficulties
in shadow region and at
small grazing angles

4) CYLINDER AND PLATES

o GTD computation *

o Computational difficulties wwm[ii i
in shadow region and at LE%E%////

small grazing angles

* Ohio State University GTD Basic Scattering Code
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MLE AIRCRAFT ANTENNA PERFORMANCE USING GTD ANALYSIS

GTD analysis is used to determine optimum aircraft antenna
locations to assure required MLS performance

Computed GTD aircraft antenna pattern used to determine if
the resulting RF signal at the MLS receiver is within the
system power budget

GTD technique verified at FAATC (Hanger 301) in 1978

o Measured and GTD computed antenna patterns were
compared for a North American Rockwell T-39

Supplemental Type Certification (8TC) approved using GTD

o Location of MLS aircraft antennas using GTD is approved
without flight testing

GTD code utilized is the Ohio State University Airborne
Antenna Radiation Pattern Code

Alrcraft Modeled

Boeing 737

Boeing 727

Boeing 707

FC-135

C-141

North Pmerican Rockwell T-39
Cessna Citation II
Cessna Citation III
Cessna 421

Cessna 441

Beech 200

Gulfstream GIII
Rockwell Saberliner
Piper Cheyenne
DeHavilland Dash 7
Embraer EMB-120
Aerospatiale ATR~-42
Dassault Falcon 900
Mitsubishi Diamond II

0000000000 0C0C0O00C000O0O0
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KENT CHAMBERLIN
UNIVERSITY OF NEW HAMPSHIRE

RUNWAY HUMP MODELING






Runway Hump Modeling at the

University of New Hampshire

Dr. Kent Chamberlin













Adjacent-Edge Diffraction

Edge #1 Edge #e

YMTR \\ / ROVR

/\ \ /

Terrain Profile







Validation of the Adjacent-Edge

Diffraction Coefficient ith Huygen
S QLWC@

Terrain Profile







The Automated Terrain Linearization Model

o Converts raw terrain data into GELTI input file
Consistent GELTI results from user to user

o Provides graphical display of data
Aids in error checking of input data and
model operation

o Requires little expertise on the part of the user
GELTI output is now user independent













Actual and Approx. Terrain Profile
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AZIMUTH GROUND CROSSFALL EFFECTS






MLS AZIMUTH ANTENNA
GROUND CROSSFALL CONSIDERATIONS

ALFRED R. LOPEZ

ARL ASSOCIATES .
Four Sanisa DrRIVE
Commack, NY 11725

¢ INTRODUCTION

o Grounp CrossFaLL Prosrem DEFINITION

o In-Beam MuLtiparw CHARACTERISTICS

o MULTIPATH SEFARATION ANMGLE RELATIOMSHIP TO:
CroSSFALL AxgLE
EcevaTion AncLE

o CrossraLl Ermor FormurLa

o ReEsuLTs

0 SuMMARY

INTRODUCTION

IT HAS BEEN RECOGNIZED THAT THE GROUND REFLECTION FOR ThHE AZ
ANTENNA CAN CAUSE SIGNIFICANT ERROR. THE VERTICAL APERTURE SIZE FOR
THE AZ ANTENNA MUST BE SUFFICIENTLY LARGE TO SATISFY THE 8 pB/°
SLOPE REQUIREMENT AT 0° ELEVATION AND THE SIDELOBE REQUIREMENTS IN
THE NEGATIVE ELEVATION DIRECTIONS., I &AM HOT AWARE OF ANY
QUANTITATIVE RELATIONSHIP BETWEEN THE 8 0B/° (20 wAVELENGHT
VERTICAL APERTURE SIZE, SLOPE REQUIREMENT AND A PERFORMANCE
PARAMETER. DuRING THE EVOLUTION OF MLS, AZ PATH FOLLOWING NOISE
(PFN) ERRORS ON FIMAL APPROACH WERE OBSERVED AND ATTRIBUTED TO
GROUND REFLECTIONS. A LARGE VERTICAL APERTURE SIZE TO PROVIDE A
SHARP BOTTOM SIDE CUTOFF OF THE BEAM WAS HELPFUL IN SUPPRESSING
THESE EFFECTS.

THIS PAPER PRESENTS SOME SIMPLE CONCEPTS THAT OQUANTIFY THE
RELATIONSHIP BETWEEN PFN oON FINAL APPROACH AND THE VERTICAL
APERTURE SIZE FOR THE AZ ANTENNA. GROUND CROSSFALL (LATERAL TILT OF
THE GROUND REFLECTION ZONE) GENMERATES A TILTED GROUND IMAGE THAT

CREATES SIGNIFICANT IN~-BEAM MULTIPATH.






AZIMUTH ANTENNA GROUND CROSSFALL

C:j REFLECTION ZONE
6 FEET WIDE X 100 reET LONG

f?Z NG (HEIGHT OF ANTENNA PHASE CENTER
ANTEN IS 8 FEET, RECEIVER AT 3° ELEVATION)

GROUND CROSSFALL PROBLEM

BeECAUSE THE AZ EQUIPMENT HAS TO PROVIDE SERVICE DOWN TO ESSENTIALLY
0° ELEVATION, A VERY STRONG GROUND REFLECTION IS INHERENT. IN THE
LIMIT OF 0° ELEVATION THE REFLECTION COEFFICIENT APPROACHES -1. THE
PRIMARY REFLECTING SURFACE (REFLECTION ZONE) IS AN ELLIPSE WITH A
MINOR AXIS, a

a=/AxRE,

AND THE MAJOR AXIS b = a/sin 8.

IF THE MINOR AXIS IS HORIZONTAL THEN THE REFLECTED SIGNAL HAS THE
SAME CODING AS THE DIRECT SIGNAL AND, CONSEQUENTLY, IT DOES NOT
CAUSE AN ERROR. IF THE MINOR AXIS IS ROTATED AN ANGLE g« (CROSSFALL
ANGLE) THEN THE REFLECTED SIGMAL DOES NWOT HAVE THE SAME CODING AS
THE DIRECT SIGNAL AND CAN CAUSE AN ERROR. TYPICALLY, THE REFLECTION
ZONE IS LOCATED ABOUT 200 FEET IN FRONT OF THE AZ ANTENNA WHEN THE
AIRCRAFT IS AT THE OUTER MARKER AND MIGRATES ONTO THE RUNWAY
SURFACE AS THE AIRCRAFT APPROACHES TOUCHDOWN.






GROUND IMAGE ANGLE = 2 TIMES CROSSFALL ANGLE

SEPARATION RUGLE
I AZIMUTH, .,

N\
\ _ f% .

i TOP VIEW

REFLECTED xpDM%TT

AZIMUTH
ANTENIIA H
&7
T 0~ w
A +
4 -
: —_ ____M______J,
¢ GROUND (COMPLEX DIELECTRIE \E;\ é
IMAGE ‘.7 CONSTAUT, €, %
! —TW( ‘t b v
SIDE VIEWw ' END VIEW

THIS DIAGRAM SHOWS THE SIDE, TOP AND END VIFWS FOR THE GROUND
CROSSFALL SITUATION. IT SHOWS THE DIRECT SIGNAL AND THE PATH FOR
THE GROUND REFLECTED SIGHNAL. THE TOP VIEW SHOWS THAT THE GROUND
REFLECTED SIGNAL HAS A CODING DIFFERENT THAN THAT OF THE DIRECT
SIGNAL WITH A SEPARATION ANGLE dg. THE END VIEW SHOWS THAT THE
GROUND IMAGE IS ROTATED 2 TIMES THE CROSSFALL ANGLE a. THIS FACTOR
OF 2 IS CHARACTERISTIC OF A MIRROR SURFACE.

THE ANGLE CODING OF THE GROUND REFLECTION IS SKEWED AT AN ANGLE OF
20 WITH RESPECT TO THE CODING OF THE DIRECT SIGNAL.






IN-BEAM MULTIPATH ERROR
SEPARATION ANGLE < 1/4 BEAMWIDTH

4--¢’BWW+
S

- GpSA

L

___— DIRECT

L
l Hzi / / ___ MULTIPATH

£=ko —

_ 2P

b on
<
a5

ERROR IS INDEPENDENT OF BEAMWIDTH

IN-BEAM MULTIPATH

FOR THE AZ ANTENNA GROUND REFLECTION PROBLEM THE PRIMARY CONCERN IS
IN-BEAM MULTIPATH FOR AN AIRCRAFT ON FINAL APPROACH. As THE
AIRCRAFT APPROACHES TOUCHDOWN THE MULTIPATH SEPARATION ANGLE IS
SMALL COMPARED WITH THE BEAMWIDTH AND THE ERROR BECOMES INDEPENDERT
OF BEAMWIDTH. THE RELATIONSHIP OF ANGLE GUIDANCE ERROR, 0, AND
MULTIPATH SEPARATIONS ANGLE, ¢%' IS PRESENTED ABOVE. THE + SIGN
CORRESPONDS T0 0° PHASE FOR THE REFLECTED SIGHAL, THE - SIGN

CORRESPONDS TO 180° pHASE.






REDLIEN-KELLY MULTIPATH DIAGRAMS

186 HENRY W. REDLIEN AND ROBERT §. KELLY
tad b ’ i
raf
a5 RE PRASE » 180 A . RE PHASE - 180
1% :

- E e a s

= g g ! ra ’

. g ' *

Pt @ g .

o z

E % g™

5] g a5 A@ AF PHASE = @

& g @ ® .

H ¥ g N - \ et
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o SEPARATION ANGLE | gz p! 1M DEGREES -4% SEPARATION AMGLE [ [Jgpp! 1N DEGREES

.75
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RGeS = . — R 2 =~ S ,

-82 ' 2 3 s s 5 81 3 2 3 4 8 &
.Y -9.3
s SEPARATION ANGLE ([} ggpl IN DEGREES 0B SEPARATION ANGLE { g pl 1N DEGRERS

FiG. 36. Dwell gate processor error versus separation anyle curves; p = 5.0 dB (a), 3.0 (b},
6.0 {c), 12.0¢d). .

THESE ARE THE REDLIEN-KELLY MULTIPATH DIAGRAMS (REF, "MICROWAVE
Lanping System: THE New INTERNATIONAL STAnDARD", ACADEMIC PRESS,
Apvances In ELECTRONICS AND ELECTRON PHYsics, Yor. 57, 1981). Tuey
SHOW THE INDEPENDENCE OF BEAMWIDTH FOR SMALL SEPARATION ANGLES. THE
FORMULA PRESENTED PREVIOUSLY FOR SMALL SEPARATION ANGLE IS IN
AGREEMEMT WITH THESE DIAGRAMS FOR THE 0° anD 180° RF pHASE casEes,






MEASURED IN-BEAM MULTIPATH ERROR

TEFFECTIVE SIDELOBE ERROR VS FRZ SWEEFP @ 3.8 desg EL
AZ, 2*, 483° S,N: 24 Jul 1387 12:54534

2 ¥ T i) i i i ¥
- -4 - -2 =t a | 2 ] < +5°
. SHRFT ENCODER ANGLE - RZ
F_F=8 F_e~@ Total=3336 Norm=1.82 dB=+18.4;p1 Oed0

MEASURED IN~BEAM MULTIPATH ERROR IS SHOWN IN THIS ILLUSTRATION.
IT IS MOTED THAT THE SMALL SEPARATION ANGLE APPROXIMATIONS ARE IN
GOOD AGREEMENT WITH THE MEASUREMENT.

THE IN-BEAM CHARACTERISTICS ARE FUNDAMENTAL. THEY WERE ACTUALLY
USED TO VALIDATE AN ANTENNA RANGE CAPABILITY FOR MEASURING
EFFECTIVE SIDELOBE ERROR.






DERIVATION OF { ., = 2 ¢ B

ORTHOGRAPHIC PROJECTION OF DIRECTION HEMISPHERE
("S1n 0" Space, "DirecTion COSINE" SPACE)
& USEFUL TOOL FOR PHASED ARRAY ANALYSIS.

%
4
RECEIVER AY ©,¥

g =518 ¢, ¢ = AZINUTH CONICAL ANMGLE
¥ = 81N B8, 6 = ELEVATION ANGLE

CoNSTANT DIRECT SIGHAL ANGLE CODING ARE LIMES
PARALLEL TO THE “¥© AXISs

CONSTANT WULTIPATH SIGHAL ANGLE CODING ARE
LINES PARALLEL YO THE LIME AT AH ANGLE OF Za
WITH RESPECT TO THE "v™ AXIS

HMULTIPATH SEPARATION ANGLE IS GIVEM BY:

/é | SIN ¢y = SIN ¢ - SEN §’

S~ sTH &'
sin &' = SIN $ cOS 2¢ - SIW O SiK 2o

SIH &g, = SIN § {1 - cos 2a) ¢ Sin B s5IM 22

Ir ¢ = 0 aup, 6 anp 2¢ ARE < x/4, THEN:

by = 2 a 8

MULTIPATH SEPARATION ANGLE

IT WAS NOTED PREVIOUSLY THAT A GROUND CROSSFALL WITH AN ANGLE «
CREATES AN IMAGE ROTATED AT AN ANGLE 2¢ WITH RESPECT TO A
HORIZONTAL LINE ARRAY. THE ABOYE ILLUSTRATION PRESENTS A DERIVATION
OF THE RELATIONSHIP BETWEEN THE MULTIPATH SEPARATION AKRGLE, THE
CROSSFALL ANGLE AND THE ELEVATION ANGLE. AN ORTHOGRAPHIC PROJECTION
OF THE DIRECTION HEMISPHERE IS USED. ON THIS PROJECTION THE
CONSTANT CODING CONTOURS FOR A ONE-DIMENSIONAL PHASED ARRAY ARE
STRAIGHT LINES. THIS RESULT IS USED TO FURTHER QUANTIFY THE GROUND
CROSSFALL ERROR FORMULA






AZIMUTH GROUND CROSSFALL ERRGR FORMULA
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NoTE:

Rer: Sevmour EVvEReTT ET. AL., "DESIGN CONSIDERATIONS
For AcHievine MLS Catecory III  ReaurreMments”,
nggssmrues oF THE IEEE, Yov 77, No. 11, HNoveMsemr
1989,

THE ABOVE REFERENCE INCLUDES THE FORMULA
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IT sSHOULD BE NOTED THAT THE EXPONENTIAL FACTOR OF 2
WAS INTENDED TO BE A MULTIPLICATIVE FACTOR.

CROSSFALL ERROR FORMULA

THE CROSSFALL ERROR IS RELATED TO CROSSFALL ANGLE AND THE AIRCRAFT
ELEVATION ANGLE. IT IS NOTED THAT IN THE LIMIT OF O° ELEVATION
ANGLE THE MUMERATOR AND DENOMINATOR OF THE ERROR FORMULA 6O TO 0
VALUE SINCE THE MAGNITUDE AND PHASE OF THE REFLECTED SIGHAL
APPROACH UNITY anp 180°. THIS IS AN INDETERMINATE CONDITION. AN
APPROXIMATE EXPRESSION FOR THE REFLECTION FACTOR LEADS TO A
RESOLUTION OF THE INDETERMINATE CONDITION.






GROUND REFLECTION APPROXIMATION

-

AssumpTIONS: 1. GSROUND SURFACE REFLECTIVITY FACTOR = -1
2. A VERTICAL APERTURE, A, IS8 UTILIZED TO
SUPPRESS THE GROUND REFLECTION

lp| =L -:82 tanh(3.5 2 8/2)
1 +.82 tanh(3.5 4 6/A4)

WHERE
A = Freespace wavelenght

AKX EXPRESSION FOR CROSSFALL ERROR, INCLUDING THE DEPENDERCE OK THE
FHASE CENTER HEIGHT, h, IS GIVENW BY:

3 = -2 g 8(1-.82 tanh{3.5.A8/A})cos(4x b ein 8/4)
1+.82 tanh(3.5 A 9/1}—(1»,82 tanh(3.5 A 8/1))coas{4x h sin 8/4)

&¢Mm6w =

2.9 A

AN APPROXIMATE FORMULA FOR THE MAGNITUDE OF THE REFLECTION
COEFFICIENT IS PRESENTED ABOVE. IT RELATES THE REFLECTION
COEFFICIERT TO THE VERTICAL APERTURE SIZE IN WAVELENGTHS AND THE
ELEVATION ANGLE. THIS RELATIONSHIP, ALONG WITH A PHASE-~CENTER~
HEIGHT DEPENDENCE FACTOR, ARE SUBSTITUTED IN THE CROSSFALL ERROR
FORMULA TO ARRIVE AT RELATIVELY SIMPLE APPROXIMATE EXPRESSION FOR
THE CROSSFALL ERROR AS A FUNCTION OF CROSSFALL ANGLE, ELEVATION
ANGLE, VERTICAL APERTURE SIZE AND AZ ANTENNA PHASE CENTER HEIGHT.
AN EVALUATION OF THIS CROSSFALL ERROR FORMULA AT © = 0° LEADS TO A
SIMPLE RELATIONSHIP FOR THE CROSSFALL ERRDR, CROSSFALL ANGLE AND
THE VERTICAL APERTURE SIZE.
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CROSSFALL ERROR VERSUS ELEVATION ANGLE

4 Foor VeEmTicAL APERTURE SIZE
ALPHA = 2 DEGREES

Puase CeEnTER Puase CenTER
HergHT = 10 FEET Hexeut = 20 FEET
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THE ABOVE ILLUSTRATION SHOWS THE PREDICTED CROSSFALL ERROR VERSUS
ELEVATION ANGLE FOR A CROSSFALL ANGLE OF 2° FOR TWO ANTENNA PHASE
CENTER HEIGHTS, 10 anp 20 rEeET.
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CROSSFALL ERROR VERSUS ELEVATION ANGLE
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THE ABOYE ILLUSTRATION SHOWS THE PREDICTED CROSSFALL ERROR VERSUS
ELEVATION ANGLE FOR A CROSSFALL ANGLE OF 4° FOR TWO ANTENNMNA PHASE
CENTER HEIGHTS, 10 anp 20 reeT






CROSSFALL PFE

3 Decree GLIDE PaTH APPROACH
10000 root ANTENNA TO MLS Datum PoinT DISTANCE
- 4 Footr VErRTICAL APERTURE SIZE
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ALPHA = 2°, A =4 F1, H = 1B FY

8.18

N

L LI ¥

8.5

g vl g

I L

<
)
(
\
/
/
f

et 9 bE) TP e~

k1 £ H ¥

PR A A,

6.68 5.68 16.68 5.8 78.068 Z5.88 4.c4
DISTANCE TO MLS DATUH POINT OFT)

P

THE CROSSFALL ERROR FORMULA WAS USED TO COMPUTE THE AZ PFE (PFN) own
THE FINAL LEG OF A 3° GLIDE PATH APPROACH TO A RUNWAY WHERE THE AZ
ANTENNA WAS AT A DIsTANCE oF 10000 reer rFroM THE MLS Datum Porwr,
THE CROSSFALL ANGLE = 2° AND THE ANTENNA PHASE CENTER HEIGHT as 10
FEET., IT IS NOTED THAT THE ERROR IS SIGNIFICANT.







SUMMARY

0 THE BACKGROUND INFORMATION REGARDING AZ ANTENNA GROUND REFLECTION
ERROR AND VERTICAL APERTURE SIZE WAS REVIEWED

o THE A7 ANTENNA GROUND CROSSFALL PROBLEM WAS CQUANTIFIED

0 AN APPROXIMATE GROUND CROSSFALL ERROR FORMULA WAS PRESENTED THAT
RELATES THE ERROR TO CROSSFALL ANGLE, ELEVATION ANGLE, ANTENNA
VERTICAL APERTURE SIZE, AND PHASE CENTER HEIGHT

0 A BASIC RELATIONSHIP, FOR THE LIMIT CASE OF 0 ELEVATION ANGLE,
WAS PRESENTED THAT RELATES ERROR TO CROSSFALL ANGLE AND
VERTICAL APERTURE SIZE

o IT IS CONCLUDED THAT AZ CROSSFALL CAN CAUSE SIGNIFICANT PFN oON
FINAL APPROACH IF THE GROUND DIRECTLY IN FRONT OF THE AZ
ANTENNA (REFLECTION ZONE) HAS CROSSFALL THAT EXCEEDS AN ANGLE
oF 1°. SPECIAL ATTENTION TO THIS PROBLEM IS WARRANTED FOR THE
OFF CENTERLINE AZ SITING SITUATIONS WHERE THE INTERVENING
GROUND CAN HAVE SIGNIFICANT CROSSFALL.
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SUMMARY

In the diffraction region of a micro-
wave landing system {(MLS) elevation guid~
ance, the field strength fluctuates due to
such objects as buildings and hence the
measuring error increases. This paper de~
scribes experiments to determine the effect
of diffraction caused by the upper edges of
a building. The results show that the field
has a typical diffraction characteristic
which.can be calculated by regarding the
building as a knife edge. It was feund that
the diffraction error cannot be ignored when
measuring an angle, since the scanning beam
is sharp in the vertical divection and flat
in the horizontal direction. -Hence, both
the component proportional to the amplitude
of the diffraction wave and that proportion-
al to the partial differentiation of its
incident angle (slope diffraction component)
increase. It was found also that the mea-
surement error characteristic around the
shadow boundary, calculated by using the
uniform geometrical theory of diffraction
taking account of the slope diffraction,
agrees well with the obsérvational results.

Generalily, this method can be applied to the
diffraction field strength and its measuri—g
error estimation such as hangers.

1. Introduction

Microwave landing systems {MLS's) will
be used for precision landings at airports
after the middle 19%90s, replacing the cur-
rently used instrument landing systems
(ILs's) [1].

The basic angle guidance systewm in an
MLS consists of azimuth guidance equipment
and elevation guldance equipment. 1If there
is anv cbiect in front of the ground anten-
na of an MLS, a reflection region and a cdif-
fraction region are created, since the
coverage of the MLS is large; for example,

'
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the area is a fan shape having an azimuth
angle of 40°, a distance of 37 km (20:N¥),
and maximum height of 6000 m.  The azimuth-
guidance antenna is placed at the end of a
runway, and the elevarion~guidance antenna
is ‘at ‘the -approach side of the runway, i.e.,
the distance betrween the two antennas is
approximately equal to the length of the
runway. The reflection area and the dif-
fraction area depend on the locations of
buildings ‘at an airport. Although it is
possible to avoid direéctions facing build-
ings from the beam-scanning for the azimuth
guidance, it is not- possible to do so for
the elevation guidance. Therefére, the lat-
ter ‘creates a larger angle-measuring ervror.

Neither experimental results nor exper-
imental analysis of diffraction character~
istic of multipaths have been published.
However, those for measuring-angle errcrs
have been published inm [2] and [3].

This paper describes the experiment for
the diffraction characteristic of the MLS
elevation guidance due to such objects as
buildings, and presents their results and
analvsis,

The calculated results of measurement-
angle errors agree well with the experiment~
al results when the slope~diffraction waves,
in addition to the direct waves and diffrac-
tion waves based on "a knife-edge model,”
are taken intg account.

2. Principle of Elevation-Angle
Measurement

Figure ! shows the measurement princi-
ple of an elevation angle in the MLS.  The
beam of ‘a continuous wave is transmitted
from a guidance antenna set at the side of
a runway. The beam is wide horizontally and
vertically narrow as shown in Fig. 1{a).

The beam scans vertically, starting from the
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Fig. 1. MLS elevation angle measurement
technigue.

highest angle (€ ax) to the lowest angle

X

(&6 . ) {TO direction]}, then from the lowest

min
angle to the highest angle [FRO direction)
with a congtant angular velocity, as shown

If an zirplane is in an ele-
it will receive the TO pulse
> at time T and T, rTespective-

v, which corresponds to £, as shown in
Fig. 1(c). When the interval between the
two pulses 7 is measured, € is given by
:( 7 - TD} V/Z2+ B
z (n

To=3.350us

V=0.02"/us
where j@ is the interval when the elevation

angle is 09, and V is the scanning velocity
oF the beam.

-

To ure times o and *,, SOmE

methods are available [4]: fer example, the
dwell-gate method which measures the inter-
val between the centers of the twe pulses
(center of each pulsewidth greater than ~3

{7,

Table 1. Dats of elevation guidance system

Frequency of transmiccer { 5064 MHz

Output of transmitter 15w

Horizontal coverage 240°

Vertical scanning range 0.9~ 15° (range
with proportion
1-7.5%)

Width of beam 1.5°

Scanning rate of beam 20" fms

Step of scanning beam 0.1°

Level of side lobe less than ~20 4B

Accuracy of directivity 0.025° (20}
of beam

Format of transmission FAA Phase [IT

dB); and the split-gate method which uses
quantized pulsewidths (two sets of the sum
of amplitudes between a peak in a continuous
section are made, then the signs of their
differences are used). When these methods
are ‘used for time~interval measurements and
angle convérsions, the accuracy of the

angle measurement is affected by waveform
distortion and shifrs due to the multipaths
and diffractions.

An accuracy of about 0.1° is required
for angle measurements in the elevation
guidance syster. The multipath error has
the greatest effect on the méasuring accur-
acy.  For the design of an angle measurement
svsten, this type of errpr is estimated to
be about 0.08°.

3. Experimental Results
3.1 LExperimental apparatus

Table | shows the performance of MLS
elevatrion guidance equipment used for the
experiment {3},  The wmain specifications of
this egquipment are based on the Internation-
al Standard, the horizontal coverage being
*40%, the vertical beaw widrh is 1.5%, and
the frequency of the transmitter is 5064
MHz.

This systen was used for both ground
and flight experiments.  Figure 2 shows the
block diagram of the measurement systen for
the ground ‘experiment, The elevation anten-
ng is wsed for scanning the beam {(power +54
dBm) , and transwmits the data signal and the
sidelobe suppressing signal. The position
measurement svstem comsists of a combination

e e
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Fig. 2. Block diagram of the measuring system for ground test.

of a transit ané a laser distance-meter,
This is set at the height of the phase cen~
ter of the scanning antenna with the optical
axis aligned. This system measures the dis-
tance between the guidance antenna and the
receiving antenna, and the elevation angle
and bearing angle. This system also trans-
mits the measured information to the receiv-
ing side from which the angle measurement
errors are derived. The accuracy of the
measurements of the horizontal distance is
*5 mm, that of the elevatrion angle is
+0.001°, and that of the bearing angle is
=0.006°.

A landing~course test vehicle [6] was
developed for tests at the receiving site.
This vehicle can set the receiving antennsa
in a height ranging from 1.5 to 22 m {(with
reference to ground). The receiving antenna
is a horn type. It has a gain of 15 dB,
horizontal beamwidth of 36°, and vertical
beamwidth of 264%., The field strength and
angles of the scanning beam are obtained
from a signal received by this antenna and
processed by the MLS receiver. The angle
error is defined by the difference of amgle
measured from an elevation angle.

An elevation angle in the shadow of an
ject (e.g.,a building) was calculated
sed on data of the height of a mast, since
e angle cannot be seen from the receiving
te. The error of measurement of the
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Fig. 3. HMeasuring point layout.

elevation angle of the height of a mast is
within #0.01", and this is less than the
error of the system under test.

The output signal from the MLS receiver
representing the elevation angle during a
test flight was recorded by a pen recorder.
To obtain the position of the airplane, the
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Fig. 4. Elevation angle error.

bearing signal from a VOR (VHF omnidirec-
tional radio range) and the distance signal
from DML (distance measuring -equipment)
were recorded simultanecusly. A dwell-gate
method was used for the signal processing on
the MLS receiver.

-

3.2 Method of experiment

The experiment was carried out by using
MLS elevation guidance equipment on the
apron of Sendai Airport. The central direc-
tion of the horizontal scamning beam was set
parallel to the front walls of the buildings
as shown in Fig. 3. The buvildings are situ-
ated at the left side of the guidance system
keeping distances from 70 to 260 m, and
bearings of ~10° to ~60°., The elevation
angles of the tops of the roofs of the build-
ings are from 2.6% to 4.

The measuring peoints on the ground site
are situated at the front of the guidance
systen {P1, 185 m) and in the diffraction
area of the hanger B (P2 and Pe); Pl is in a
gap of & specular reflection area by build~-
ing A and hanger B. This is suitable for
knowing the inherent characteristics of the
system, since almost no reflection and dif-
fraction due to the buildings occur.

Te determine the diffraction character~
istic at a far distance, horizontal orbit
flights were carried out with & radius of
7 NM (13 km) and three different heights.

The ground front of the guidance system
is almost flat and covered by concrete,
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Fig. 6. Beam envelcopes received.

except for some parts which are covered by
asphalt~concrete.

4. Experimental Results and Discussion

Figure 4 shows the angle error measured
at the apron (Pl) which is in front of the
elevation guidance systen {separated from it
by 1B5 m).

20 of the error between the elevation
angle 0.9° to 6° is 0.05°. This value shows
that the accuracy of the apparatus is ade-
guate, since this is less than half the
internatieonally specified value.







The elevatior angle is sbout 1° snd
increases toward the front because the scan~
ning of the beam 1s stopped at 0°. Hence,
there i5 a cut on the time axis of the re-
ceiving beam envelope causing a severe dis-
tortion in the waveform. In practice, this
is not a problem, since an elevation guid-
ance greater tham 0.9% is used according to
international regulations.

The fluctuation of the field strength
of the scanning beam was small, i.e.,within
0.5 4B, and this was almost constant.

As described in the foregoing, the
angle error and field-strength fluctuation
in an area surrounded by buildings are ade-
quately small if they cause no reflection
and diffractiom.

4.2, Diffraction-field strength

Figure 5 shows an example of the field-
strength characteristic at P2 (in a diffrac-
tion area):; the solid line denotes measured
values and the broken line the calculated
values. Figure 6 shows the beam envelope
waveforms with four elevation angles re-
ceived at P2,

The results show a typical diffraction~
field characteristic, i.e.,the electrical
field strength on & shadow boundary (about
4°) is lower than that at a high elevation
angle by 6 dB; and with an elevation angle
above the shadow boundary, the waveforms are
escillatory, The £alculaved values (broken
line) were obtained by replacing the hanger
with a knife~edge~shaped perfect conductor
using the vniform geometrical theory of dif-
fraction [7] (see the Appendix). The calcu~
lated values above ~30 dB agree with the
measured values,

In general, it is known in the calcula~
tion of the diffraction elecrric-field that
its discontinuity occurs if high-order d4if-
fraction waves {slope diffracticu waves) are
not taken into account around the unobstruc-
ted view-line {B, 9]. The field strength
of the slope diffraction waves of the scan~
ning beam of the MLS guidance has little
effect on the peak power {(field strength) of
the scanning beam, since the strength is
lower than that of the diffraction wave by
about 18 dB according to the calculatiom.
The slope diffraction wave has a& significant
effect on the angle error around the shadow
boundary, as described in the following
section.

The pumbers indicating the waveforms of
the beam-envelopes shown in Fig. 6 corre-
spond to those in Fig. 5. Waveform (1)
showing the elevation angle of 5.9° can be
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Fig. 7. Diffraction error.

considered as a totally direct wave; (2) is
a combined wave of the direct and diffrac-
tion waves, above the shadow boundary by
0.4%, although-this has no significant 4if-
ference from (1): {3) and (&) are the d{f~
fraction waves alone, and their time inter-
vals-are not changed although their eleva-~
tion angles are reduced.

4.3 Diffracrion eryor

Figures 7 and 8 show the angle errors
in the diffraction aresa, the solid lines
denote experimental values, and the broken
lines denote calculated values taking into
account the slope diffraction waves due to
the TUD, The enlarged graph within Fig. 7
shows the computed rvesults derived from the
direct and diffraction waves alone (i.e.,
excluding the slope diffraction wave).

Let us consider the error characteris~
tic shown in Figs. 7 and & divided into
three regions: - above the shadow boundary,
on the lime, and below the line.

(i) Region above shadow boundary

g Ridge angle:
oo 41.00

T S 5
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Fig., 8. Diffraction error.

In the region above the shadow boundary,
the error fluctuates in both the positive
and negative directions, and the fluctuation
decreases when the elevation angle increases.
In this region, mainly the result of the
direct and diffraction waves is received.
when the elevation angle of the beam yve-
ceived increases, the relative phase between
the direct and diffraction waves rotates,
and a3 distortion which changes periodically
occurs in the wave received. The angle mea-
sured changes with the same pericd as that
of the relative phase; forming an error as
shown in the region above 4° in Fig. 7. The
error follows a typical shape of & decaying
oscillation since the emplitude of the gdif-~
fraction wave reduces with the increase of
the distance from the shadow boundary (as
shown by 2 thin line in Fig. 10}, while the
amplitude of the direct wave.is almost con~-
stant. As described in the foregoing, the
mechanism of cavsing the error is considered
to be the same as that in the reflection
multipath wave [10}.

The maximum error is 0.08%; this is the
same order as that of the acceptable mulri-
path for the system design specification,
i.e2.,2 spall margin,

According to the calculation derived
from 2 simulation {(iu which & hanger is re~
placed by a knife-edge shape conductor),
this value does not change significantly
with a beamwidth of 1 or 2° which is wusually
emploved for most elevation guldance equip-
ment. The calculation of the diffraction
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Fig. 10. Field strength of ordinary
diffraction component and the slope dif-
fraction component {calculated).

error above the shadow boundary depends on
the distances betveen the transwission an-
tenna, knife edge and the receiving point,
and the beamwidrh. It was found that the
beamwidth notably affects the damping rate
of the error {e.g., the rate reduces to one-
half when the beamwidth is doubled), and the
range of the oscillation increases.

(ii) Region around shadow boundary

The error fluctuation in an elevarion
angle asround a shadow boundary (above or
below about 0.5%) is slightly less than an
inclination of =1, and this is about +0.1°
on the angle of the shadow boundary. The
results of angle error calculated without
the slope diffraction wave agree well wirh
the results observed, except for arcund the
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shadow boundary. These values differ sig-
nificantly around the shadow boundary as
shown by the dotred line in Fig. 7.

Let us examine the effect of the slope
diffraction wave. Figure 9 shows a medel of
the occurrence of error on. the shadow bound-
ary taking into account the siope diffrac~
tion wave; the thin line is the diffraction
wave, the broken line, the slope diffraction
wave, and thick line, the resultant wave.
Two receiving pulses (the resultant wave)
distort toward the positive angle error as
shown in the figure, since the slope diffrac-
tion wave is symmetrical to the center of
the scanning point. This is why the angle
error is not zerc but a positive value,

Let us examine guantitavively the char-
acteristics of the diffraction and slope
diffraction around the shadow boundary using
simulations. The directivity of the scan-
ning antenna {beamwwidth 1.5%, sidelobe level
~20 dB) was caleculated, and the field
strength of the diffractiom wave apd slope
diffraction wave with the geometrical condi-
rions at P2 and the receiving elevation
angle was also calculated by using Egs. (A4)
and (A8) in the Appendix. Figure 10 shows
the results with reference to the direct
wave. The maximum value occurs at sn eleva-
tion angle of 4° gbove the shadow boundary,
and the slope diffraction wave is lower than
the diffraction wave by about 18 dB.

Figures 11 and 12 show the beam envel-
opes of the diffraction waves-and slope
diffraction wave with the foradescribed ele-
varion angle. The beam envelope of the
slope diffraction wave which is derived from
the partial differentiation BE(B)/B¢8 makes

Es

- =20

@

T 30}

5 -40

g :

g =50r

$d

o 60} phase

g n709 g 0 = 0< g g = O
w A & 4. e

: -4 -2 0 2 4 6 8 1012

Scanning angle {(deg)

Fig. 12. Slope beam envelope at 4°.

a bimodal shape having a relatively high
level, -and its phase 1s asymmetrical, as
shown in Fig. 12, since the directivity of
the scanning beam is as narrow as 1.5% and
the slope of the field strength is sharp.
These cause a distortion and angle error in
the resultant wave of the diffraction wave
and slope diffraction wave.

The effect of the slope diffraction
wave on. the angle error reduces when the
receiving -elevation angle is separated from
the shadow boundary either above or balow
it, since the decay of the slope diffrsction
wave is greater than that of the diffraction
wave, as shown in Fig. 10,

This shows that the calculated raesults
agree well with the experimental results
even around the shadow boundary, if the
slope diffraction wave 1s taken into account
(Fig. 7).

(iii) Region below shadow boundary

The error increases simply with the ve~
duction of the elevatrion angle with a slope
cf -1 as far as the measurement is possible
{the weasure is limired by the redverion of
the field strength). The waveform of envel-
ope of the scanning beam received at the
shadow region is constant having information
of the angle of the shadow boundary, inde-
pendently of the elevation angle of the re-
ceiving antenna. - The waveform of its envel-
ope ig stable [{(3) and (4) in Fig. 8], while
the amplitude changes f{e.g.,as shown by the
splid linme in Fig. 5 for P2).

In this region, therefore, the angle
error is inversely proportionsl to an eleva-
tion angle. This creates a false signal in
an airplane command indication to reduce its
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Fig. 13. Elevation angle measured by

flight experiments.

flving height; in the worst case, the same
comsand indication continues even if the
airplane -already has reduced its height.
The elevation error on the shadow boundary
is about 0.1° in this case,

If the elevarion angle of the top of a
building is within the beam scanning range,
the error has the same shape around the ele-
vation angle, even in the case of anocther
building which has different elevation
angie. This is confirmed by measurements of
the diffraction errors due to other hangars.

4.4 Result of experimental flights

Diffraction errors-in a far region were
obtained by using actual flights. Figure 13
shows the results of flight experiments
{radics 7 WM, MLS bearing ~40° to 0%), tak-
ing & flight height as-a parameter. The

I ection of buildings at radios of 7 NM
e shown in the same figure.

When the airplane entered the shadows
of buildings, the measured angles indicate
the elevation angle of the top of the build-
ings (A: 2400 ft), despire the fact that
the airplane flew at alwost constant height.
When a flight occurred around the shadow
boundary (Br 2700 ft), the angle measured
increased by 0.1 or 0.2° in the bearing
range of <30 to -20°, This is considered
to be the effect of the slope diffraction
wave. At a higher flight (C: 3400 ft) the
variation of the angle measured is small,
this is only recopnizable around -30°.

The flight experiments show almost the
same results as those of the ground experi-
ments.
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3. Conclusions

The chavacteristics of diffraction of
the MLS elevation guidance caused by such
objects in an airport as large buildings
were analyzed experiwentslly.

The results show the characteristics
of the eleéctric field strength and weasur-
ing angle errors. 1t was found that the
diffraction of the field strength due to
large buildings has a typical pattern which
can be modelled by a knife-edge shape,

The following points concerning the
measuring angle errors also were found:

The magnitude of the error is oscilla~
tory above the shadow boundary, the maximum
error is 0.08°, and this reduces when the
elevation. angle increases. It is necessary
to consider the slope diffraction wave in
addition to the ordinary diffraction wave.

A value of angle weasured below the shadow
boundary is higher than the real value,
since the measured value is constant even if
the receiving elevation angle changes.

1t was also found that the angle errors
calculated by using. the UID agree well with
the experimental values. The proposed
method of calculation will be useful for
making the standard rules of setting the
MLS ‘and the MLS operational procedures,
since ‘the method can obtain the field
strength ‘and measuring angle errors in a
diffraction region caused by large objects
such as hangars.
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APPENDIX

CALCULATION OF DIFFRACTION FIELD

Let us calculate a diffraction field
caused by an adequately long building (e.g.,
a hangar), by replacing it with a knife-edge
shape. -Assuming a gecwetrical relatiomship
as shown in Fig. Al, the electric field
strength above the shadow boundary {region
1) and that below it (region 1I, or shadow
region) are given, respectively, as follows:

{(a) Region I
Eo=E+E+E; (AL
(b) Region II
Fo=Ea+Es (a2)
where

electric field strength in region

T
i

5

4
—

[E3)

T

.1 electric field strength in regien
11

1y

elecrric field strength of direct
wave

xy

[S%

electric field strength of dif-
fraction wave

(&3]

electric field strength of slope
diffraction wave

For simplicity, reflection waves from ground
are ignored.

i) Compoment of direct wave

E.=E(8)-lexp(—/ k-p)}l/e, (43)

E(8): direcrivity of beam
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~

k = 2t/3 () being wavelength)
ii) Component of diffraction wave

Ea=E(8)-{lexp(—7-k-p))/6) Ds.

£y : {AL)
o elp—o) expl—j k- p)) \

where Ds h is the UTD diffraction function,

and give;‘by
D. = expl=y7-
soh 7 05
R N € ¢'>]/cos£—@ﬂ:~@~‘~)~}
Lt 2 2

:{F{Z“A?'L ‘coszﬁ-@%ﬂl/cos@'gm; é‘)H
(45)

transformation function is given by

F(X)r«Z*}'JX'exp(jVX)fwexp(wj~ dr
e
(a6)






and L 15 given by
L=p"p/(c'+p) (A7)

i1ii) Component of slope diffraction
wave

=) 0Dsn OE(8) exp(~jk-p)
Tk G 0fs P

VAo exp(—7-k-p) .

where partial differentistion of ﬂ@,h is

given by

D _ k- L-expl-4/m)
3@ 2“?'

: {[sinwtl ~F{2- k- L.Cosz_ia%:éim
+ {Sénﬁﬁ%:-éi)-“ “F(?'k'//cc;s’ié‘%fﬁﬂ])

(49)
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B. RECEIVER PORTION
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PULSE

e VERIFY MODELING OF INTERM
FREQUENCY (IF) FILTER

e CONFIRM TRUE PULSE TOA DETERM
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® VALIDATE R
CAT III)

e VALIDATE EFFECTS OF TERRAIN PLATES

® REFINE MODEL AS REQUIRED BY
VALIDATION PROCESS
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® SELECT SCENAR

[0S FOR SIMULATIONS

® GENERATE SIMULATION DATA FOR SCENARIOS
SELECTED.

¢ DEVELOPMENT OF CRITICAL ARE
ADVANCED PROCEDURES

A CRITERIA FOR

® VALIDATION OF CRITERIA THROUGH FLIGHT TESTS.
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® MINIMUM GRID SIZE IS OBTAINED BY EXCLUDING
GEOMETRIES FOR WHICH:
(1) TIME DELAY < 20 ns
(11) TIME DELAY > 300 ns
(i11) SCALLOPING FREQUENCY > 10 RAD/SEC
(iv) SPECULAR POINT LOCATION ABOVE

|

® HIGH RESOLUTION GRID CAN BE USED SINCE
CALCULATIONS ARE NOT COMPUTATIONALLY
INTENSIVE
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% Y
BOUNDS THE GEOMETRIES 1> TIME-DELAYS < 300 NSEC
THAT SATISFY 1,23 2> SCALLOPING FREQUENCIES < 10 RAD/SEC

3> SPECULAR REFLECTION POINT LOCATED
N THE AIRCRAFT







® GENERATE ERROR CONTOUR PLOT (MEAN RUNW
LENGTH)
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WINDOW
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ARE RECONSTRUCTED CONTOUI
CONTOUR TO DETERM

L TO ORIGINAL
[INE RECONSTRUCTION ERROR

® DECREASE FILTER BANDWIDTH UNTIL
RE CONSTRUCTE@N ERROR IS JUST MTHEN
BANDWIDTH 1

e KNOWING MINIMUM BANDWIDTH, APPLY NYQUIST
SAMPLING THEORE

‘M TO DETERMINE OPTIMAL GRID
SPACING
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MLS - Propagation - M

Multipath propagation with defined points of

— Transmitter (XMTR) — fixed at the end of the
runway

— Receiver (RCVR) — variable along the flight
path

Propagation paths
— Direct path between XMTR and RCVR
— Reflection paths (e.g.)
— Buildings
— Building - Ground
— Ground - Building - Ground
— Building - Building
— Aircraft etc.
— Diffraction paths by shadowing (e.g.) by
— Buildings
— Alrcraft

— Runway humps etc.






SSR - Propagation - Model

e Muitipath propagation points of

— Transmitter (XMTR) - fixed at the periphery of
the airport

— Receiver (RCVR) — distributed over an area of
constant height (e.qg.)

® Propagation paths
— Direct path between XMTR and RCVR
— Reflection- and diffraction paths (e.qg.)
— Buildings
— Building - Ground
~— Ground - Building - Ground
— Building - Building etc.
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Specular Point
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Path of Specular Reflection
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Radii of Fresnel Zones
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Integration of all phase contributions over
the rectangular area of the plate
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Path of Diffraction

R(x,y) = \/To + X + V2 - Q(XXT“’“ .V.V“T) +
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Path of Diffraction (Abbreviations)

Terms for Phase Correction
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Path of Diffraction (Abbreviations)

Shift of Integration Boundaries
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Path of Diffraction (Ab

Form Factors of Quadratic Terms in Phase
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integration of all phase contributions over
the rectangular area of the plate
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Diffraction Diagram of a Rectangular Plate
(constant Azimuth)

X-Path |R;, = 50000 m|®;=0.0° ®; = 60.0°
R-Path | Rz = 5000.0 m| & = 180.0° By = + 90.0°

Plate | Metal w= 10.0m h= 100m

RF-Par. |4, = 030 m Pol = H
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Diffraction Diagram of a Rectangular Plate

(constant Azimuth)

X-Path |R; = 5000.0 m O, = 0.0° &, = 60.0°
R-Path g, = 0000.0 m $r = 90.0° ®g = + 90.0°
Plate Metal w= 100 m h= 100m
RF-Par. {1, = 030 m Pol=H
P.O. MODEL (Far Zone)
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winracuon viagram of a necianguiar Fiaie
{constant Azimuth)

X-Path |R; = 5000.0 m|®; = 0.0° @ = 60.0°
R-Path | Rz = 5000.0 m|®, = 180.0° @r = + 90.0°
Plate Metal w= 30.0m h= 06 m
RF-Par. |1, = 030 m ||pmxl = —26.72dB|Pol= H
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Diffraction Diagram of a Rectangular Plate
(constant Azimuth)

X-Path |R; = 5000.0 m|®; = 0.0° @, = 60.0°
R-Path | R, =5000.0 m|®, = 173.2° ®n = + 90.0°
Plate Metal w= 100m h= 100 m
RF-Par. | A, = 030 m Pol= H
NEW MODEL |Amplitude| |p,..| = — 44.41 dB
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Diffraction Diagram of a Rectangular Plate
(constant Azimuth)
X-Path |Ry = 50000 m|®;=0.0° ®; = 60.0°
R-Path | Rz = 5000.0 m| ®p = 175.2° ®r = + 90.0°
Plate Metal w= 10.0 m h= 100m
RF-Par. | 1o= 030 m Pol= H
NEW MODEL [Amplitude| |p,..| = — 41.39 dB /\
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Diffraction Diagram of a Rectangular Plate
(constant Azimuth)

X-Path |R; = 5000.0 m

R-Path |Rg = 5000.0 m

(E)T = 000
DOp = 177.2°

@, = 60.0°
®p = + 90.0°

Plate Metal

w= 10.0m

h= 100 m

RF-Par. |1, = 030 m

Pol= H
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Diffraction Diagram of a Rectangular Plate
{constant Azimuth)
X-Path |R; = 5000.0 m|®, = 0.0° ®; = 60.0°
R-Path |R; = 5000.0 m|®x = 180.0° g = + 90.0°
Plate Metal w= 10.0m h= 100m
RF-Par. |A; = 030 m Pol= H
I | | \

NEW MODEL | Prax| = — 2353 dB |
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Diffraction Diagram of a Rectangular Plale
(constant Elevation)

X-Path
| R-Path

RT, = 5000.0 m
Re, = 5000.0 m

(DT = (.0° @7' = 60.0°
Dg = 180.0° 4+ 90.0° | @ = 70.0°

Plate Metal w= 100 m h= 100 m
RF-Par. |1, = 0.30 m | | Pol= H
NEW MODEL |Amplitude 1
!A{)maxi = — 42.85 dB
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Diffraction Diagram of a Rectangular Plate
{constant Elevation)

X-Path |R; = 5000.0 m | ®; = 0.0° ®; = 60.0°
R-Path | Rg = 5000.0 m | @y = 180.0° 4- 90.0° |[@®; = 66.3°

Plate Metal = 10.0 m h= 100 m

RF-Par.{Ao=030m | % . ~  |Pol=H
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X-Path | Ry, — 5000.0 m | ®, — 0.0° @, = 60.0°
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Diffraction Diagram of a Rectangular Plate
(constant Elevation)

X-Path |Ry, = 5000.0 m |®; = 0.0° @r = 60.0°
R-Path |Rg, = 5000.0 m | ®p = 180.0° + 90.0° | @ = 55.5°
Plate |Metal w= 100 m h= 100 m
RF-Par.|1o= 030m | - {Pol=
NEW MODEL |Amplitude ﬁl o | =—3623d8 |
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Diffraction Diagram of a Rectangular Plate
(constant Elevation)

[X-Path |R;, = 5000.0 m |®, =0.0° ®, = 60.0°
R-Path |Rg, = 5000.0 m | g = 180.0° 4+ 90.0° | ®f = 0.0°
Plate Metal w= 10.0 m h= 100 m
RF-Par. | 1, = 0.30 m ] Pol = H

. 1
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uneatn et naRbReerey § MATHEMATICAL MODEL INPUT DATA FlLE#w9@aaetastseseanaedaye
SECTION 0

= SCENARID DATA

RUN ID# 9999

TITLE  SSAMPLE INPUT FILE

AIRPORT 3zLAX

RUNBAY  :24R

LENGTH :B700.

WIDTH :150.

ARDH :50.

MGRA 3.0

UNITS :FEET (feet, meter) FOR ENTRIES IN FILE
SECTION 1A

= ANGLE TRAWNSHMITTER DATA

PHASE CENTER: X Y z FREQ{mhz) LSL USL TYPE

AZIMUTH @ -1000.0 0.0 5.0 6992.291 -60.0 60.0 AZBN

ELEVATION: 7909.0 -400.0 13.0 4992.291 0.9 20.0 ELBN
SECTION 1D

= OME/P TRANSHMITTER DATA

PHASE CENTER: X Y z TYPE

DME /P : -1000.0 0.0 5.0 DHBN

= QTHER DME DATA

FREQ(mhz) SHAPE TRG F SW AS TRS SIGM RMI

UPLINK @ 983.4813 cos/P DAC B&P .5 .5 125 0.0 0.0

DOUNLINK : 983.4813 COS/P DAC B&P .S .5 185 0.0 0.0
SECTION 2

YES - DO ANY GROUND REFLECTION PROCESSING (CALL GREFC) (ves,no)
YES - DO FULL INTEGRATION FOR SPECULAR GRCUMD SCATYERING (yes,mo)
= DEFAULT DIELECTRIC CONSTANT AND ROUGHNESS HEIGHT

DIELECTRIC CONSTANT : 1.2 0.0

ROUGHNESS HEIGHT  : 0.0

® FOR - MULTIPLE SCATTERING PATHS FROM AIRCRAFT AND BUILDINGS
DIELECTRIC CONSTANT : 1.2 0.0

ROUGHNESS HEIGHT  : 0.0

SECTION 3
= SCATTERING FROM AIRCRAFT (MAXIMUM OF 10)
YES - RUM AIRCRAFT SCATTERING (yes,no)
## X-TAIL  Y-TAIL  X-CKPT  Y-CKPT ALT AT GRCORR

....................................................

NN REKKXXKRX YYYYYYYY MXAXAXXA yYYYYYYY 83888833 tt ccococcese

01 5700.0 -%150.0 3900.0 -13150.0 0.0 1 0.0

02 6700.0  -1150.0 - 4900.0 -1150.0 0.0 1 0.0

03 8758.6 -1150.0 8900.0 -1008.6 0.0 1 0.0

04 8900.0 ~200.0 8900.0 -700.0 0.0 1 0.0
SECTION 4

= SCATTERIMNG FROM BUILDINGS (MAXIMUM OF 10)
YES ~ RUN SCATTERING BUILDINGS ({yea, no)
#% X-LEFT  Y-LEFY  X-RGEY  Y-RGHT  ELV  HGT  TLT  GRCORR  CWp

NA XAXRKXKE YYYYYYYY NEXERRXX Yyvyyyyy eesee hhhhli tTttt cccccocce mavmemm
0% 3975.0 -3400.0 4400.0  -3400.0 0.0 100.00.0 0.0 METAL
g2 4550.0  -2100.0  5080.0 -2100.0 0.0 100.6 0.0 0.0 METAL
03 4800.0 -3100.0 5200.0 -3160.0 0.0 100.0 0.0 U.0 WETAL
04 6825.0 -1800.0 7125.0 -1800.¢ 0.0 50.00.0 0.0 METAL
08 7rao.G -1800.0 .8080.0  -1800.0 0.0 50.0 0.0 0.0 HETAL
06 7125.0  -1800.0 7252.0  -17D6.0 0.0 50.0 0.0 0.0 METAL
07 8080.0 -1800.0 @209.0 -1706.0 0.0 50.8 4.0 0.0 HETAL

SECTION 5
= SPECULAR SCATTERING FROM RECTAMGULAR GROUND SURFACES (MAX OF 1)
YES ~ RUN RECTANGULAR GROUND (ves.no)
THIS DATA MAY BE SKIPPED
# O ON-VALY  Y-VALU  Z-VALU  DCREAL  DCIMAG  ROUGHN SF

X2u2N2XE Y2YLeyRye 22222222
sBx3x3x3 v3y3vivd 23232323

0t 0.0 -75.0 0.0 5.0 G.0 006562 0
2.0 75.0 0.0
8760.0 75.0 0.0
SECTION 8

= SHADOWING BY AIRCRAFY
YES - RUN SHADCWING AIRCRAFT (yes,no}







SECTION @

01
02
03
SECTION 10

SECTION 12

%

SECTION 13

w

SECTION 14

&

X-VALU  Y-VALU  Z-VALU  VEL ANG AT
saxisaxl sayisay!l sazisazl vvvvv assas (¢
saxgsaxd saylsayl sazdsazd

4075.0 -25.0 0.0 275.0 16.0 &

2167.0 -29.0 127.0

= SHADOWING BY BUILDINGS

YES = RUN SHADOWING BUILDINGS (yes,no)

X-LEFT Y-LEFT X-RGHT Y-RGHT ELV HGT

XAXXEAXX YYYYYYYY JOUOIXKX YYYYYYYY eeeee hhhhh
250.0 750.0  -400.0 750.0 0.0 100.0
1900.0 850.0 700.0 850.0 0.0 100.0
3000.0 700.0 2300.0 700.0 0.0 100.0

= SHADCMING BY RUNWAY HUMP
YES - RUN SHADOWING HUNP (yes,no)
X-FRONT - Z-FRONT - X-HUMP - Z-HUMP  X-BACK  Z-BACK

................................................

wfxfxfxf zfzfzfzf xhxhshxh zhzhzhzh xbxbxbxb zbzbzbzb

3300,0 0.0 3800.0 5.0 4300.0 0.0

= FLIGHTPATH

FAF : 6.2 NAUTICAL MILES

DATUM : 7900.0 0.0 0.0

TYPE : SEGMENTED {measured, distance, orbit, radial,

segmented, straight)
VELOCITY : 219.56
IHCREMENT: 43.91
DATA RATE: 0.20
1F vstraight™ SUFFICIENT DATA IS AVAILABLE TO COMPUTE FLIGHTPATH
1F “radial® ENTER ANGLE, ELEVATION, STARTING and EMDING DISTANCE
(ren from dme/p)
ANGLE: aaananaa
SDIST: dddddddd
ERIST: cddddcidd
ELEY : ececeecee
[F %orbit® ENTER RADIUS (nm from cme/p) & ELEVATION
RADIUS: ‘rrrrrerre
ELEV - : eescecce
{F "measured™ X,Y,2 COORDINATES AND TIME WILL BE READ FROM UNIT 1S
WITH VELOCITY AND DATA INCREMENT COMPUTED FROM INPUT
IF =segmented” or “distance® ENTER SEGMENT #,X,Y,2,VELOCITY &ND

INCREHENT
X8 Ys 8 VEL INC
KXAXKXXX YYYYYYYY ZZTZTZZIT vvwwwwwy 1i1§§id1
17700.0 0.0 500.0  219.56 43.91
T700.0 0.0 0.0 6.0 0.0

= FLIGHTPATH AND AIRPORT LAYOUT AXIS LIMITS
FLIGHTPATH PLOTS:
X/Y PLOT X2 PLoY D/Z PLAT
KMINIMUM X YALUE :. -3000.00 ft. -3000.00 ft -0.25 m
UNITS PER INCH ¢ 3000.00 fr 3000.00 ft 0.25 rm
MIMIMUM ¥ VALUE : -3000.00 ft  -100.00 ft  -100.00 ft
UNITS PER INCH ¢ 1000.00 ft 100.00 ft 100.00 ft
AIRPORT LAYDUT PLOT
i PLOT
MIKIMUM X VALUE : -2000.00 ft
UNITS PER INCH @  2000.00 ft
HINIMUM ¥ VALUE @ -4000.00 ft
UNITS PER IMCH : 1000.00 ft

= AMGLE EQUIPMENT AXIS LIMITS
HULTIPATH DIAGNOSTIC PLOTS:

M0 SEP ANG SHADOWING
MINIMUM X VALUE : ~0.50 rm ~0.50 rm -0.50 rm
UNITS PER INCH = 0.25 rm 0.25 rem 0.2% rem
MIBIMING Y VALUE ~40.0 db -40.0 deg -10.0 b
UMITS PER INCH 10.0 db 10.0 deg 2.0 db

RECEIVER OUTPUT ERROR & FILTERED ERROR PLOTS:







MINIMUM X VALUE :

UNITS PER INCH

MINIMUM ¥ VALUE :

UNITS PER INCH
SECTION 15

= DISTANCE MEASURING EQUIPMENT AXIS LIMITS
* WULTIPATH DIAGNOSTIC PLOTS:

MINIMUM X VALUE :

UNITS PER INCH
HMINIMUM ¥ VALUE
UNITS PER INCH

* RECEIVER OUTPUT ERROR & FILTERED ERROR PLOTS:

MINITHUM X VALUE

UMITS PER INCH

MINIMUM ¥ VALUE

UHITS PER INCH
END DATA

.
M

.

RAM PFE BN
-0.50 rm -0.50 rm ~0.50 nm
3.25 rem 0.25 nm 0.25 nm
-0.30 deg -0.30 deg  -0.30 deg
.10 deg 0.10 deg 0.10 deg
M/D TIM DELAY SHADOWING
-0.50 rm -0.50 rm -0.50 nm
0.25 rm 0.25 mm 0.25 rm
-40.0 db 0.0 ns -10.0 db
10.0 db 500.0 ns 2.0 db
RAW PFE o}
~0.50 rem ~0.5¢ ron -0.50 rm
0.25 rm .25 rm 0.25 nm
-96.0 ft -90.0 ft -90.0 ft
30.0 ft 30.0 ft 30.0 ft
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Table I. Dielectric Constant Values for Reflecting Surfaces

Composition

Cencrete

Smooth Metal

Glass

Marble

Asphalts

Plastics

Rakelite

Laminated Fiberglass
Polyvinyl Chloride
Formica

Sandy Dry Soil

Sandy soil, 20% Moisture
Loamy Dry Soil

Leamy Scil, 15% Moisture
Clay Dry Soil

Clay Soil, 20% Moisture
Rocky Soil 10% Moisture
Dry Turf, Short Grass
Wet Turf, Short Grass
City Industrial Area
Fresh Water

Sea Water

Fresh Snow

Tce

Dielectric Constant

Name (CMP) Real Imaginary
CONCR 106.0 ~9.0
METAL 1.0 ~1.0E8
GLASS 6.0 ~-0.042
MARBL 8.7 =0.2
ASPHA 2.6 =~0.016
PLAST 3.0 ~0.09
BAKEL 4,% ~0.1
FIBER 4.4 -0.13
POLYV 3.0 «~0.,15
FORMI 4,0 -~0.,1
SSDRY 2.5 -0.016
5520% 20.0 =-2.6
LSDRY 2.4 ~0.0027
L515% 20.0 =~2.4
CSDRY 2.27 =-0.034
Cs20% 11.3 =~2.8
R820% 30.0 =-0.06
DTWSG 3.0 -0.9
WTWSG 6.0 1.8
CITYI 5.0 ~0.02
FRESH 806.0 -0.18
SEA 80.0 -54.0
SNOW 1.2 -1.3
ICE 3.2 -0,0029













