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EXECUTIVE SUMMARY

This instrument landing system (ILS) math modeling study was performed at the
request of the Southwest Region to provide computed performance data for a
relocated glide slope proposed for runway 35R at the Will Rogers World Airport,
Oklahoma City, Oklahoma. The glide slope is being relocated to optimize the
threshold crossing height on runway 35R. The existing null reference glide slope
system is located 1154 feet back from runway threshold and 625 feet right offset
of runway centerline; the proposed site is located closer to both runway
threshold and centerline at 1030 feet back and 400 feet right offset. Prior to
modeling the proposed glide slope site, the existing site was modeled and
compared with Automatic Flight Inspection System (AFIS) flight results which were
provided by ASW-434. Modeled and AFIS measured path structure runs showed
reasonable agreement and indicated compliance with category II tolerances.
Modeled path structure and level run plots are provided for the proposed
relocated site. Results indicate that the proposed site modeled should meet
category II path structure, linearity, and symmetry tolerances.
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INTRODUCTION

PURPOSE.

This study was performed to provide computer modeled instrument landing
system (ILS) glide slope performance data for the relocated glide slope proposed
for runway 35R at the Will Rogers World Airport, Oklahoma City.

BACKGROUND.

The Southwest Region plans to relocate the category II null reference glide
slope serving runway 35R at the Will Rogers World Airport to optimize the
threshold crossing height. There is concern that a planned taxiway and grading
in front of the antenna may adversely affect glide slope performance. The
existing site is located 1154 feet back from runway threshold and 625 feet right
offset of runway centerline; the proposed site will be located closer to both
runway threshold and centerline at 1030 feet back and 400 feet right offset
(figure 1). ASW-400 requested math modeling of the category II null reference
system at the proposed location.

DISCUSSION

ILS MATH MODEL.

The mathematical model used for this simulation was the Ohio University
Geometrical Theory of Diffraction (OUGTD) model which was obtained from Ohio
University under a Federal Aviation Administration (FAA) Technical Center
contract. This program was written for Ohio University by Mr. Vichate
Ungvichian to account for the interactions of electromagnetic waves when
reflected and/or diffracted from the terrain between an ILS antenna and an
aircraft (reference 1). The OUGTD program utilizes the Geometrical Theory of
Diffraction (GTD) and the Uniform Theory of Diffraction (UTD) as the basic
theories when computing the diffraction of the electromagnetic waves. The GTD
and UTD theories both treat electromagnetic waves as rays. This is acceptable
due to the localized nature of wave interactions at very high frequencies (above
100 megahertz). This treatment allows one to include the multiple interaction
(i.e. doubly diffracted, etc.) between neighboring ground plates with little
computational effort; this is a very difficult task when using the Physical
Optics theory. The UTD theory is used to calculate the fields in the transition
areas; the GTD theory is used in all other areas.

The model considers the direct ray plus 13 additional rays. Each ray is
determined by the various terrain irregularities encountered in front of the ILS
antenna system. These rays are:

1. Direct
2. Reflected
3. Diffracted
4. Reflected-reflected
5. Reflected-diffracted
6. Diffracted-reflected
7. Diffracted-diffracted
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8. Reflected~reflected-diffracted

9. Reflected-reflected-reflected
10. Reflected-diffracted-reflected
11. Diffracted-diffracted-reflected
12. Reflected-diffracted-diffracted
13. Diffracted-reflected-reflected
14. Diffracted-reflected-diffracted



The psuedo-3D version of the model was used for this modeling effort. This
version uses a matrix of X, Y, and Z coordinates for the terrain to compute a
new terrain profile for each observation point (simulated aircraft position).
The term psuedo-3D is used to emphasize the fact that the model is not truly
3-dimensional, but rather an enhancement of the 2D version which uses a single
terrain profile for all observation points. The subroutine that determines the
profile was modified by FAA Technical Center engineers to eliminate some
restrictions on establishing the origin and selection of coordinates. For each
observation point and its associated terrain profile, the simulated Course
Deviation Indicator (COl) deflection is computed from the various combinations
of rays.

Input data required by the model consists of two data files: the terrain matrix
file and the input/control file. The terrain matrix file consists of X
(distance perpendicular to the runway), Y (distance along the runway centerline
extended), and Z (elevation values referenced to the base of the antenna mast).
The computer model applies an interpolation process to the terrain matrix file
to determine a new terrain profile for each observation point (simulated
aircraft position) along the flightpath. The new profile is that of the terrain
directly below a line drawn from the ILS antenna to the observation point. This
profile is the surface used in the computation of the glide slope radio
frequency (RF) energy at the observation point. The input/control file consists
of data describing the antenna system (location, amplitude, and phase of each
antenna element), along with other pertinent site and flightpath data. Antenna
heights were computed to produce actual path angles of approximately 2.90 •
Antenna current phasing for all simulations were computed using a simulation of
the airborne phasing techniques detailed in the Flight Inspection Manual,
OAP 8200.1 (reference 2). In the simulation, samples of antenna current phase
are recorded while flying the simulated aircraft along an approach angle of 1.50

from 8 to 4 nautical miles with respect to the site. Ten samples of antenna
current phase are recorded for each antenna. Using average phase values, the
phase of the upper antenna is adjusted for zero phase difference with respect to
the lower antenna for sideband reference or null reference systems. For the
capture effect system, the phases of the lower and upper antennas are adjusted to
result in zero phase difference with respect to the middle antenna. This
technique is similar to the method originated by the Ohio University Avionics
Center for their modeling applications.

ILS MATH MODELING PERFORMED.

Prior to modeling the proposed glide slope site, the existing site was modeled
and compared with Automatic Flight Inspection System (AFIS) flight results which
were provided by ASW-434. These results served to verify the use of the GTD
model for this site application and the suitability of the terrain features
selected for the matrix. Modeled and AFIS measured path structure runs showed
reasonable agreement and indicated compliance with category II tolerances.

A summary of the model input data describing the null reference antenna system
at the proposed site is provided in table 1. Figure 1 shows the location of the
existing and proposed glide slope sites with respect to runway 35R. Figure 2
shows a composite of terrain profiles for simulated aircraft positions in the
distance interval from 35000 to 1000 feet from runway point of intercept (RPI)
in increments of 1000 feet for the site. The RPI is located on runway
centerline opposite the glide slope mast. The glidepath structure plots were
modeled with shorter distance intervals (300 feet between samples).
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TABLE 1. SUMMARY GLIDE SLOPE DATA

Null Reference Antenna

Lower Antenna
Upper Antenna

Antenna
Backset (ft)

Average Path
Angle (deg)

Path Width (deg)

Path Symmetry (percent)

A-Ratio (1)

Phase (degrees)

Height/Offset
(ft/ft)

13.59/0.0
27.18/-0.60

1030.00

2.90

0.71

50.00

0.325

5.340

(1) A-Ratio - Ratio of separate sideband signal amplitude to
carrier sideband signal amplitude.
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DATA PRESENTATION.

The modeling results are presented in the form of course structure and level run
plots. The reference flightpath for a structure plot is the hyperbolic path
formed by the intersection of a cone originating at the base of the antenna and
a vertical plane located along runway centerline. In the model, this path is
determined by the location of the eyepiece of the theodolite. For the data
presented, the theodolite eyepiece is positioned at the X and Ycoordinates of
the glide slope antenna mast, but at the elevation (Z coordinate) of the RPI.
Modeled results are given in figures 3 and 4. Figure 3 is the modeled path
structure run result for the null reference system installed at the proposed
site. Figure 4 is the modeled level run result at the same location.

DATA ANALYSIS.

The path structure result (figure 3) indicates that the proposed site modeled
provides a path structure well within category II tolerance limits. The level
run result (figure 4) shows a linear crossover and symmetrical glidepath which
meets category II tolerances. Minor perturbation of CDI is observed at low
angles (less than 2.20 ) which is believed to result from a limitation of the GTD
model to compute triple diffraction conditions.

CONCLUSIONS

Modeled results indicate that satisfactory category II performance should be
obtained with the null reference system installed at the proposed site. Level
run performance meets category II linearity and symmetry tolerances as well.

4



REFERENCES

1. Ungvichian, V., et al., User's Manual for the Ohio University Geometric
Theory of Diffraction Glide Slope Model, ohio university Technical Report Number
OU/AEC/ERR 47-7, February 1982.

2. United States Flight Inspection Manual, FAA Handbook OAP 8200.1, Change 32,
Section 217.

5



...
LI)

<"
(0

0\

"...

THRESHOLD

/
w
<n

...
~
cq..

PROPOSED GLIDE r

SLOPE SITE .~ t
--$

<; 1939' >1 1
-< 111;4' >1

$­
/

EXISTING GLIDE
SLOPE SITE

\ , z •

FIGURE 1. ILS HATH MODELING LAYOUT, RUNWAY 35R, WILL ROGERS WORLD AIRPORT



•
TERR~IN PROFILES
WILL ROGERS. R/W-!5R GS-STRUCTURE PROPOSED

25

--...
c»

....
lb
"­
<»

..
tn
In..

4l1U
11==1i=11=;13!)"~1_ 1 U J ..L .. __
-.:& &££LJ _2S2L _.4

DATA PROCESSED BY FAA TEC~NICAl CENTER
Allo~I;C C,ty Airporl. ~J 08405

01 - - ' " . , :-~ I •••_____ ~ I I • ! , I • I
__ _;;; I ! ! ! , I=-;---_ I ! ! ! ! , ! • ~~~ ~__"-_-4_

-,~, '-

«
z
Z
uJ
~

Z
4:

U.
G

UJ
(f)

<!
(!'j

0 r,
1-- -....

" I Ql

D ~

uJ I+-

U 'j

f-
ILJ
~

W
u
111
(1'

7
0
1-1
I-
<f
>
W

_I
lu

25L I ! I , ! ! I •• I ! ! ,~-,-- I I I I~ ! ! I I ! I ! ! I • I , ! I , I • ! J

01000 2000 3000 4000
DISTANCE FROM RPI (feet)

FIGURE 2. COMPUTED TER~AIN PROFILES, PROPOSED SITE, RUNWAY 35R. WILL ROGERS
WORLD AIRPO!'.'.:.'



• ~ILL ~OG£~S. R/~-35R ~S-STRUC1URE PROPO
CLIDE PATH STRUCTURE PLOT
ACTUAL PATH ANGLE: 2 8Q DECREES
OTESTPR

(X)
lD•
•

....
CSI

r>­
eD.....
Q

DATA PROCESSED BY FAA TECHNICAL CE~l[R
A'le~,jc City AirpOrt. NJ 8841~

- -- ------ -

PE,*,ORnA~E CAtEGORY tOlERANCES,
___ .CAlEGORY I
______ . Cf·tEGORY II

- -- -- -- -- -- ----~;--

--- -- ~.=..= =-= :..: =-= =-==~

01 . ! ! . r C.::-X .L I I _ '-<:::: • I I • I ! I • , ! I I ! I ! ! ! ! I ! 0 I .J..-r I 2 .8"

50

25·-

50

75

75

25

100
r.

1O
a.
E
0
0
\.. "CJ CL
- :J
E

'J >
-
I+-

II J \J

tY-
J
~

U
.:J
CY..
I-

00 I (/)

T
~.

<1'
O.

r'\

lLJ {

n :1
1-4 ()

J '0
(')

~

{J -- ..

it! 4-
-l v
lIJ
a
0
:i'.

100
o

! ! • , I I " I, I • ! • ! , ! • I ! , 0 I I I I I • I ! ! •• I •• I I I ! • , , ! " • ! I I I ! I I I I • IJ

10 20 30 40 50 60
DISTANCE FROM THRESHOLD (thouso~ds of feet)

J

FIGURe 3. MODELED PATH STRUCTURE. NULL P.EFERENCE SYSTEM. PROPOSED SITE.
RUNWAY 35R. WiLL ROGI:RS tJORLD AB.PORT



, WILL RO~ERS. R/W-35R ~S-~EVEL-PROPOSED

LEvEL RUN
PATH WIDTH s 8.71
SYMMETRY: 0.50/0.50

<Xl
GO.,
.,

300

0J..--J.-- I t I • f • • , I • I , • • • • • I '<' . , , I • • I I I I I • ......L........-.L...-L...-...L.......L_J
\0

r-.. "'.
II) c
a :1
E 0
0 -0
0
~ >-
lJ
- l.+-
E OJ

v

Z
0
H

.--«
u
.·-1
C.)
Z
.~

250

200

150

100

50

DATA PROCESSED BY FAA TEC~ICAl CENTER
Al10nlJe CllY Airporl. NJ '8.~

,...
CD
.....
ell

......
Gl

300
5

L
o
1-.
~.

«
~I

:>
w
() ,..,

0­
W J
if)

('t: >­
.') ­
o I •.

(,) OJ

50··
--------------------------------~----------------------

100

1~~

200

250

I I '" I I " '-I.-' '" I '" I I "' I 1" "" I I .J

432 1
ELEVATION ANGLE

(degrees)
--- -----_._----------=-----------------_.

:;IGURE 4. MODELED LEVEL RUN, NULL REFERENCE ~YS'.i'EM, PROPOSED SITE, RUNWAY 35R,
WILL ROGERS WORLD AIRPORT








