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1.0 BASIC PRINCIPLES OF THE ILS GLIDE SLOPE.

[.1 The Instrument Landing System is composed of two major components. The
localizer provides horizontal guidance to an approaching aircraft and a glide slope
which provides vertical guidance , reference Figure 1.

1.2 The contemporary glide slope employs an imaging antenna system. This
radiation technique uses the direct radiated signal in combination with ground
re fl ected signal to develop the required lobing radiation pattern that provides the
glide path used by the approaching aircraft , (refer to Figure 2).

1.3 The glide slope equipment is located to the side of the runway near the
approach end. The system operates in the frequency ranç,e of 328 to 336 MHz and
provides a usable signal in a sector no smaller than 8 either side of runway
centerline to a distance of at least ten miles. Thi~ system ~ii1l provide vertical

• guidance at glide path angles typically between 2.5 and 3.0 - There are three
types of glide slope systems used, depending on the site conditions; null reference ,
sideband reference and capture-effect.

1.3.1 The most commonly used system is the null reference. This system uses two
antennas installed on a 40 foot tower. The antennas are installed at a two to one
height ratio. With this ratio the upper antenna will produce two signal lobes for
each lobe produced by the lower antenna. The lower antenna is fed carrier with 90
and 150 Hz sideband signals (C+SB). The upper antenna is fed the 90 and 150 Hz
sidebands only, (SBO). The 90 Hz sideband fed the upper antenna is out of phase
with the 90 Hz sideband fed the lower antenna. This arrangement produces a
composite radiation pattern shown in Figure 3. The glide path is located in the
firs t null of the S130 pattern. in the fi rst SBO lobe, below path , the 90 Hz
sidebands of the SBO and C+SB signals are out of phase thus subtract, while the 150
Hz sidebands are in phase thus add. Therefore , an aircraft receiver in this lobe will
see a predominance of the 150 Hz sideband which corresponds to a “Fly-Up”
indication. On the glide path the SBO signal is nu lled , or in other words, the signal
reflected from the ground is out of phase with the direct signal because of the
difference in path length the two signals travel. An aircraft receiver on the glide
path will not see a SBO signal, only a C+SB signal which has equal amounts of
90 Hz and 150 Hz sidebands. Equal amounts of both sidebands corresponds to an
“On Path” indication. In the second SBO lobe, above path , the relative phase of the
sidebands are reversed from that in the first SBO lobe. In this lobe the 90 Hz
sidebands of the SBO and C~-SB signals add and the 150 Hz sidebands subtract.
Thus, in the second SBO lobe the 90 Hz sideband is predominate , this corresponds
to a “Fly Down ” indication.

1.3.2 The capture-effect system uses two frequencies and three antennas. This
type glide slope system is typically used at difficult sites where terrain is a
problem. Compared to the single frequency nu ll reference or sideband reference
systems, the capture-effect glide slope reduces bends and irregulariities in the
glide path caused by reflections from obstacles and terrain irregularities in the far
field , beyond 1200 feet from the antenna array. This is accomplished by reducing
the amount of primary course forming signal, (Cl-SB) and (SBO), at lower approach
angles near the ground and thereby reducing the interfering reflections. Another
signal is then radiated , at slightly offset frequency and less amplitude , to provide

1
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covera ge at these lower approach angles. This si gnal is called the clearance signal ,
(CL) , and contain s only a 150 Hz sideband (refer to Figure 4). Interference from
the clearance si gnal being reflected back on to the glide path is effectively
ell i minated because of the characteristics of the linear detector w i th in  the aircraft
recei ver. When two si gnals of slightly different frequencies , but both within the
band pass frequency of the receiver , are processed by the linear detector , the
detector will amplif y the stronger of the two signals and reduce the weaker signal.
The ILS receiver will “cap t ure ” the stronger signal.

1.3.3 The sideband reference system was developed to provide a usable glide slope
signal under conditions where the flat terrain in front of the antenna , used to
reflect the signal , is less than 1000 feet in length and where the terrain falls off
beyond this point. This is accomplished by modif ying the equi pment to produce the

• same aircraft indications as the null reference and capture—effect systems but with
lower antenna height for any given glide path angle. Due to the lower antenna
height , the sideband reference system is less dependent on a reflection plane beyond
1000 feet in front of the antenna array. Conversely, the system is more dependent
on smooth terrain immediately in front of the antenna. Also , the signal quality of
this syste m is more susceptible to snow accumulations. Since there is only a very
limited number of sites where sideband reference would improve the signal over
the null reference or capture—effect radiation , patterns for the sideband reference
are not provided in this report.

1.4 General application of the three types of contemporary glide slope systems to
different sit ing conditions is depicted in Fi gure 5.

2.0 TH E GLIDE SLOPE SITING PROBLEM.

2.1 Most theoretical studies for all three types of glide slope involve assumptions
of a smooth , flat reflecting surface. The typ ical radiation patterns in this report
are based on this assumption. These conditions are representative of the ideal or
mathematical l im i t  and any deviation from tL~se conditions will cause changes to
the radiation patterns dep icted. The amount the reflection surface can deviate
from this flat and smooth assumption has for the most part never been determined.
Th us, the siting standards 1 used by our engineers deviate only sli ghtly from this
assumption. Therefore , the use of these standards has, at some sites , resulted in
over or incorrect specification for terrain modifications (grade and fill ) in the glide
slope refl ection area.

2.2 For som e t ime  we have seen that the standard siting criteria is too
restrictive. At problem sites , its r i gid application can be extremely expensive , if
not cost prohibitive. AFCS eng ineers have taken a pragmatic site testing approach
i n determining if a proposed site wil l  support a glide slope without  terrain
modifications. This type site testing i nvolves temporary ins tallation of an ILS glide
slope on the proposed site and looking at the signal quality produced by the existing —

t errain. Our engineers have found that many sites will provide an acceptable glide
slope signal even though the existing terrain does not meet the criteria. However ,
we have not had a reliable analytical tool that would permit  correct identification
of the terrain feature (s) causing problems at those locations where site testing
y ields marginal or out-of-tolerance performance. In this situation , the siting

5
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engineer , in determining what terrain modifications are required , will either rely
on his past experience or revert to the siting criteria. The first option is often
very risky , while the second one may be very cost ly .

3.0 INVESTIGATION OF GLIDE SLOPE COMPUTER MODELING.

3.1 Ohio University presented to AFCS an approach for glide slope computer
modeling which offered a potential solution to our problem. We awarded a
contract to Ohio Univers ity , via the RADC Post Doctorate Program , to study three
problem glide slope sites. The sites studied were at Carswell AFB , TX (Runway 35)
and Malmstrom AFB , MT (Runways 02 and 20). Our contract required Ohio
University to evaluate each glide slope site , using computer modeling, to determine
the minimum amount of terrain modifications required and the most cost effective
transmission mode (null reference , capture effective or sideband reference) . This
project also enabled AFCS engineering to evaluate the cost effectiveness of
computer modeling fo r t his application.

3.2 The basic procedures used by Ohio University to evaluate the three sites were:

a. Determine precisely, (+ 6”), the present terrain features in an area
approximately 4,000 feet by 900 feet wide directly in front of the prosposed glide
slope location.

b. Using the topographic information from a., predict mathematically the
optimum phasing and antenna hei ghts for best performance with the given terrain.

e. Perform flight measurements using a portable glide slope and the pre-
fli ght information furnished by i tem b. above.

d. Validate the m a themat ical  model against the results obtained from the
flight measurements.

e. Ma thematical l y change , if necessary, the terrain so as to indicate
adequate glide slope performance with min imal  amount of terrain modifications.

3.3 For this study an out-of-tolerance condition was defined to be when any glide
slope signal parameter , which is dependent on ground ref lection .~ exceeds the
tolerance specified in the Flight Inspection Manual , AFM 55--8. A marginal
condition was defined to be when any of the same parameters exceeded 75% of the
specified tolerance. The 25% difference between marginal and out-of-tolerance
was established to allo w for some future site or equipment degrading.

3.4 Throughout this report we will refer to signal quality in terms of percent of
tolerance and usually tied to specific parameter. Percent of tolerance is simpl y
the calculated or Ineasured parameter variations divi ’ 4 ed by the a mount of
variations allowed by the specified tolerance.

4 .0 l( ESU LrS OF SPI ~CL\ L STU 1)J LS.

4. ! The Carswell AFt -I s i te did not meet the standard siting criteria.  Support
construction cost , based on the app li cation of standard cri ter ia , was est i mated to
be $250 ,000.00. A nul l  refe rence site test , perfor mne d earl y in the program

8
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indicated that the existing site would , at best , provide a signal of only marginal
quali ty.  At t im at t ime AFCS did not have the equipment necessary to conduct a
capture effect site test. The preliminary computer runs indicated that the site
would provide a good quality signal without terrain modifications if a capture
effect system was installed. This prediction was conf irmed during the model
validation flight test. Good correlation was observed between computer
predictions and the actual measured signal quality. The final report recommended
that th~ system be installed in the capture effect mode without terrain modifica-
tions. The system at Carswell AFB has since been installed and commissioned.
It should be noted that if equipment with capture effect capability had originally
been available for site testing at Carsell AFB , we would have arrived at the same
conclusions without computer modeling. However , the results of computer
modeling at Carswell AFB increased our confidence in it as a tool for solving
future ILS siting problems.

4.2 From the beginning of this project , it was obvious the two Ma lmstrom sites
were both much worse than the Carswell site. Due to the severity of the terrain in
the glide slope reflections area , preliminary site testing was not even considered
since the anticipated results could not justif y the expenditure of funds required to
site test.

4.3 The results of computer modeling of the Runway 20 site at Ma lmstrom
indicated that the existing site could only pr~vide a glide path signal with marginal
quality, without terrain modification. To achieve even this marginal
performance , the equi pment would have to be operated in a non-standard
configuration i.e., four times the normal transmitted clearance power. These
conditions were judged not acceptable. Efforts were then made to identify the
min imum amount of terrain modif ications required and the corresponding signal
quality the modified terrain would produce. Efforts were also made to identif y the
amount of modifications that would be required if the standard siting criteria were
applied and the signal quality these type modifications would produce.

4.3.1 Reference Figures 6 thru ii , isometric computer plots and corresponding
profiles showing the exist ing terrain , the terrain wi th  moderate modifications and
with extensive modification from the Malmstrom report is referenced to illustrate
the uti l i ty of the data provided by this type study. The vertical scale on the
iso m et ric p lots ha ve been expanded by a factor of 20 to improve clarity. Figures
12 and 13 show the calculated centerline flyabili ty of the glide slope signal wi th
present terrain , and after moderate and extensive modifications. Also provided in
t hese f igures is a comparison of the calculated centerline fl yability under existing
terrain conditions to the actual centerline flyabi lity measured during the model
verification phase of the study.

4.3.2 Reference Table I for summary of findings . Computer modeling of the
R unway 20 site indicated that we could save an estimated $357 ,000 in support
construction cost by reducing the amount of terrain modifications in the glide slope
reflection area by 86 ,000 cubic yards , without  significantl y reducing the signal
quality that would be produced if the site were modified to meet the siting
criteria.
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Table I. M almstrom Runway 20

NET
TYPE AM OUNT OF EXCESS (÷) SIGNAL QUALITY
TERRAIN EARTH TO BE or EST. (% OF
MODIFICATIONS MOVE D (Cu Yd) FILL (—) COST TOLLERANCE)

• (CU YD )

S

Existing
(un—modified) 0 0 0 89%

by
SITING CRITERIA 124 ,407 — 105 ,584 $422 ,000 * 5%

by
COMPUTER
MODELED 38,404 0 $65 ,000* 13%

~Desk top estimates based on 1976 figures. 
—____________

Table 2. Matmstrom Runway 02

NET
TYPE A M O U N T O F  EXCESS (+) SI GNAL QUALI Ty
TERRAIN EARTH TO BE or EST. (% OF
MOD IFICATI ONS MOVED (Cu Yct) F(LL (-)  COST TO LL E RANCE )

(CU YD )

Existing
(un-modified ) - - - 187%

by
SITING CRITE RIA 322 ,522 +233 ,358 $610 ,000* 51%

by
COM PUTER
M ODELING 92 , 163 +2 ,999 $175 ,0.j 0* 51%
*I)esk top est . based on 1 976 prices
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4.4 The Runway 02 site at Malmstrom was deleted from the AN/ GRN-29
installation progra m during this study. However , the study for this site was
continued for academic purposes since it clearly represents one of the most
difficult sites that we ever expect to encounter.

4.4.1 A preliminary computer run for the Runway 02 site indicated that the site ,
without modification , would provide a well out-of-tolerance glide slope signal.
This prediction was confirmed by flight measurements. The flight measurements
did correlate with the computer model but not as well as they did for the Runway
20 site. The reduced correlation was attributed to reflections from rising terrain

• on the opposite side of the runway from the glide slope antenna , for which terrain
data was not collected - a lesson learned.

4.4.2 Reference Table 2 for a summary of findings. Computer modeling of the
Runway 02 site indicated that we could save an estimated $435 ,000 in support
construction cost by reducing the amount of terrain modifications in the glide slope
re flectors area by 226 ,359 cubic yards without reducing the predicted signal quality
that would be produced if the site were modified to meet the siting criteria.

4.4.3 Figure 14 shows the calculated centerline flyability of the glide slope signal
with present terrain and after moderate and extensive modifications. Also
provided in this figure is a comparison of the calculated centerline flyability, given
existing conditions , to the actual centerline flyability measured during the model
verfication phase of the study.

4.5 The glide slope compute r modeling identified significant reductions in terrain
modifications that would have been required by the siting criteria , resulting in a
total cost savings of $1,024 ,000 in support construction for the three sites. It must
be pointed out that the cost estimates are desk top type, we suspect they may be
low. However , it is of grater importance to note the differences in the amount of
earth movement compared to the improvement in signal quality.

5.0 CONCLUSIONS.

5.1 From the results of the Malmstrom studies, it appears that the principle of
diminishing returns is applicable. Simply stated , beyond the moderate amount of
terrain modifications recommended one can move a lot more dirt working to 

—

achieve the requirements of the siting criteria without a corresponding improve-
ment in glide slope signal quality.

5.2 We have concluded that computer modeling is a very cost effective tool when
used at identified problem sites. However, routine application of site modeling is
too time-consuming and expensive for general use at all sites. Thus, it should not
totally replace site testing.

6.0 FOLLOW-UP ACTIONS.

6.1 Current methods of site evaluation should be revised to use a combination of
site testing and computer modeling. Site testing should remain the primary site
evaluation tool and be used to identify the majority of the sites which will require
little or no site modification. At the same time , site testing would also identify
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those marginal or proble m sites which are candidates f or computer modeling. This
revised procedure requires test equipment that is capable of all three glide slope
transmission modes (null reference, capture effect and sideband reference).

6.2 If computer modeling is to be used at only identified proble m sites, the
number of applications will be limited. We have determined that it is not cost

r effective to procure the sof tware arid establish the competen t and specif ied staff
necessary to organically operate a computer modeling program of this complexity.
Thus, the 1842 EEG has a contract with Ohio University to study from one to eight

f problem sites over the next year with options to extend the contract for two years.

6.3 The procedure of using a combination of site testing and computer modeling
should eliminate installation of marginal glide slope systems and/or over specifica-
tion of terrain modification. Computer modeling will enable the siting engineer to
reduce the terrain modifications at high cost problem glide slope sites, with the
reduced requirements based on sound analytical procedures.
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