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l. SUMMARY

f 1-1. Background. Probably the most argued item in glide slope performance
i analysis is where to position the Radio Telemetering Theodolite (RTT) to observe the
{ flight inspection aircraft. Attachment | of this report provides an explanation of RTT
i operation and how they are used in glide slope flight inspections. Engineers generally
i agree that RTT position can have some effect on the recorded structure data;
] consequently, there have been many techniques developed to optimally position the RTT.
' My involvement in RTT positioning began in April 1978, when HQ Air Force
‘ Communications Command (AFCC) tasked the 1866 Facility Checking Squadron to
| investigate RTT placements along the runway edge minimizing parallax tracking errors
; due to being offset from the runway centerline. The results of our investigations were
| presented in the Wright-Patterson AFB Traffic Control and Landing Systems (TRACALS)
' Evaluation Reports, Nos. 78/66S-135 and 79/66S-166. 1 found our investigation had
insufficient means 1o fully compare results at the various RTT locations. 1 could only
; compare average angle readings, or structure in the various Solid State Instrument
' Landing Systems (SSILS) zones. No indication of any pattern in the RTT placement could

be determined until [ tried analyzing the recorded structure data using a linear
i regression. Then I discovered the tilt of the linear regression indicated the position of
i the RTT relative to the linear regression. The ensuing three years have been spent
| collecting data from over 16 TRACALS SSILS Evaluations to investigate this
' phenomenon and developing equations to determine where to reposition an RTT for
\ optimum viewing of the glide path.

-2, Linear Regression Versus the Present Analysis Method:

! a. The primary area where glide path structure is examined is in Zone 2,
which is the area of the glide slope approach from 3500 feet to four nautical miles (NM)
from the runway threshold. The recorded structure in Zone 2 is sighificant because of
three reasons. First, it is the area where most troublesome anomalies occur. Second, a
qualified theodolite operator can provide minimal aircraft tracking errors through this
zone. Third, Zone 2 is usually the critical sector of the the glide slope approach where
transition from instrument to visual approach occurs or where missed approach
procedures are initiated.

b.  The present method of examining Zone 2 structure is determining the
i average angle. This is the algebraic sum of the RTT eyepiece angle and the angular
difference between the RTT eyepiece angle and the structure (differential trace).
Structure occurrences are then measured from this average angle for Zone 2. In my
opinion, the average angle method of analysis is inadequate because it will not depict or
account for a trend in the angle data. Because of this inadequacy, it is possible for a
glide path to have a structure occurrence within Zone 2 structure tolerances measured
from the average but would exceed the tolerances when measured from the data trend.
Consequently, a glide path could have an unsafe condition depending on the location and
severity of the structure occurrence not accounted for with average angle analysis.

. s e et .

‘ C. A more suitable analysis method is to apply structure tolerances from
! the data trend. This data trend can be established by fitting a straight line to the data.
i A best fit line can be derived using a linear regression by the method of least squares.
: This provides an equation of the form Y = BX + A, where A and B are constants. By
, using a programmable calculator, the linear regression can be found as easily as
i determining the average angle. Various programs to compute linear regression are
presented in Attachments 7 thru 9. A more detailed discussion on the advantages and
use of linear regression for glide path structure analysis is presented in Appendix I.

i s A




1-3. RTT Position Improvement Using Linear Regression Analysis:

a. Two TRACALS evaluations of the Wright-Patterson AFB, Ohio SSILS
showed that RTT position can affect the recorded structure data. Primarily, the effect
concerns the trend of the data. Our evaluations show that a data trend where the slope
of the recorded structure decreases as an aircraft flies toward the threshold indicates
the RTT is too close to the glide slope antennas. Conversely, a data trend where the
slope of the recorded structure increases as the aircraft flies toward the threshold
indicates the RTT is too far from the antennas. This implies a data trend where the
slope of the recorded structure remains relatively constant will indicate an optimum
RTT position and provide a truer indication of the glide path performance. The average
angle will also correspond to the linear regression when the slope of the data trend is
constant.

b. My procedure was developed to adjust the RTT position from an initial
position so the recorded data will be relatively constant. The complete reasoning and
derivation of the procedure is presented in Appendix Il. The steps for the procedure are
as follows.

(1) Collect the following information for the calculations.

doﬁ = Offset distance of the antenna base from the runway
centerline in feet
d o = Distance along the runway centerline from the threshold to

the point abeam the antenna base in feet
s = Slope in terrain from the horizontal in front of the initial
origin in degrees

! eeye = RTT eyepiece angle in degrees

(2) Set up the RTT along a line between the glide slope antenna base
and the runway threshold centerline such that the RTT eyepiece is backsighted to the
antenna base at the desired or commissioned angle.

(3) Perform an RTT structure run, recording the differential trace
through Zone 2. This can be done as a normal RTT structure run through all three znnes.
An extra run for repeatability is desirable.

(4) Sample points are collected as coordinates with seconds as the X-
coordinate and light lines as the Y-coordinate. The seconds should start at the glide
slope antenna and proceed outward to the point 4 NM from the threshold (Point A).
Sample points are collected starting 3500 feet from threshold (Point B) and proceeding to
Point A. Sample the recording every two seconds and determine the light line deviation
of the differential trace from the recording centerline at each sample point. Light line
values on the 150 Hz side of the recording are considered positive. Those on the 90 Hz
side of the recording are considered negative.

e et s i At oot

i (5) Up to this point, this analysis is performed during a normal flight
: inspection. Now, find the best fit straight line to the series of sample points using a

linear regression by the method of least squares. This is done using the following
! equations.




For (xi, yi), i=1,wyn

Y = BX + A (1)
where
(3xy) - (EX)AY)
n
T (3x)2 @
(36)D) - —i—
1 n
A = 2% p(dN &)

(6) The following equations determine the viewing angle to Points A
and B using the light line values of the linear regression at Points A and B and the RTT
eyepiece angle (eey ). These equations assume the recording is calibrated to 150 uA and
run at 75 uA.

5 eeye + (LL, (0.7/40)) (4)

eeye + (LLB (0.7/40)) (5)

(7)  Find the linear regression angle from the following equation based
on the glide slope distance offset from the runway centerline (d ) and the glide slope
distance to threshold parallel to the runway (d ).

8)in = '°"-1{'L;" 2+[°°'+ 2‘3“]2 [""OIJ" Fottz*["o+3500]2[tangl]} ©

20804

(8) Determine the distance to move the RTT along the line between
the antenna base and the runway threshold centerline, accounting for a terrain slope (s).

o =) UN B

The first factor of Equation (7) is a reference distance for the site we are checking. The
second factor relates the shift of the new RTT position based on the relationship
between the angle at which we view the glide path at Point B and the linear regression
angle. The third factor relates the effect of terrain slope to the new RTT position. 1f X
is negative, move the RTT toward the antenna base. If X is positive, move the RTT
toward the runway threshold centerline.

(9) Perform another RTT structure run recording the differential
trace. The slope of the trace should now be more parallel to the recording centerline
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than the trace recorded from the initial RTT position. The linear regression angle will
be closer to the average angle as well. The representation of structure on this run will
provide a truer indication of the glide path performance.

c. There are three primary assumptions to make in this procedure. First,
assume the RTT is aligned between the antenna base and Point B rather shan between
the antenna base and the threshold centerline. This causes less than 0.01" error in the
Point B viewing angle and a negligible change in the viewing angle for Point A.
However, a five to seven foot error is incurred for most glide slope sites in the optimum
RTT placement. Another assumption is the RTT viewing angles, the average angle, and
the linear regression angle pass through the same apparent origin. For the initial RTT
position, the apparent origin is the antenna base. The third assumption is the RTT will
be repositioned at the same height above ground as at the initial position. Appendix [II
discusses in detail the inaccuracies associated with these assumptions.

1-4. Examples of RTT Repositioning. Efforts to fully investigate the validity of
the procedure have been hampered in recent months by aircraft scheduling and weather.
As a result, tests of the procedure at Lajes Field, MacDill AFB, Wiliams AFB, and
Laughlin AFB have had to be dropped or only partially completed. Only two tests of the
procedure have been performed to date, one at Myrtle Beach AFB and the other at Duke
Field. Appendix IV presents a complete analysis of these tests. A summary of these test
results are presented below.

a. The procedure was first tested on the Runway 35 glide slope facility at
Myrtle Beach AFB in early February 1982. Structure runs were conducted with the RTT
positioned at the standard initial position. Time constraints did not allow calculations to
be made before the RTT was moved. The RTT was moved 50 feet forward to investigate
the results from a different position. The procedure calculations made from both RTT
positions indicate the same location for optimum RTT placement. The procedure
indicated both positions were too far forward from the optimum location.
Unfortunately, the RTT could not be set up at this optimum location to examine the
improvement in the glide path structure recordings. The linear regression angle and
average angle were worse at the second position than those from the first position. This
agrees with the theory presented in my procedure and indicates the procedure is valid.

b. The second test occurred in March 1982 on the Runway 18 glide slope facility
at Duke Field (Eglin AFB Auxilliary Field 3). Structure runs were made from the
standard initial position and the calculations were used on-site to determine the new
position. However, the calculations were erroneously performed resulting in po~" “oning
the RTT 40 feet forward instead of 66 feet in back of the initial position. The structure
runs from the second position appear better than those from the first position, even
though the RTT was moved the wrong direction. Because the RTT is much closer to the
threshold and Point B, all data observed between these points appear at a higher viewing
angle and effectively cancels the actual fly-down indication near threshold caused by
antenna offset. On the other hand, both the linear regression and average angles
improved at the second position, which theoretically should not have occurred. This may
indicate the procedure is quite sensitive to the data, and therefore may not always
provide an exact optimum location for the RTT. Values from the two positions show
different optimum locations, although both positions show the RTT is too far forward.
While the numerical values for the optimum location do not agree between the two
positions, they do indicate the correct direction to move the RTT. This means the
procedure will at least improve the position of the RTT, if not always relocate it at an
optimum position.
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2. CONCLUSIONS AND RECOMMENDATIONS

2-1. Conclusions:

a. Although there is a very limited experience with this procedure, it
appears the procedure is a valid method for improving the RTT position. In some cases,
the procedure appears to indicate the optimum Jocation for viewing glide path
performance.

b.  As indicated during the Duke Field test, the RTT position has a definite
effect on the recorded structure, particularly when near the threshold. When in Zones !
and 2, the effect of RTT placement is not as evident.

Cc. The procedure appears to be sensitive to the data used in the linear
regression. It may be the procedure cannot always indicate an exact optimum location
for the position, although it will improve the position.

d. As the RTT position is improved, the linear regression angle and the
average angle converge. This implies that once an optimum RTT location is established
for a given glide slope site, the normal analysis methods in AFM 55-8 may be used and
will produce the same results as linear regression analysis.

2-2. Recommendations:

a. The 1866 Facility Checking Squadron should continue to apply this
procedure during all glide slope facility evaluations. As a sufficient data base is built, a
more definite indication of the exact capabilities and limitiations of this procedure can
be derived.

b. Based on the present knowledge of the procedure, 1 recommend it be
used only when commissioning new Category II facilities or when examining glide slope
facilities with a history of poor or marginal performance.
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APPENDIX I

LINEAR REGRESSION ANALYSIS OF GLIDE SLOPE STRUCTURE

I. Present Method of Glide Slope Structure Analysis:

a. The TRACALS evaluation of a glide slope facility is concemed with the
investigation of the glide path performance in the installed environment. Flight
inspection of glide slope facilities includes measurement of the facility structure,
defined in AFM 55-8 as "an accurate measurement of the magnitude of aberrations
(roughness, scalloping, and bends) of the path from the actual path angle and the
graphical average path." The structure is measured in Zones 1, 2, and 3 which are shown
in Figure I-1. In Zone 1, the aircraft's distance from the RTT makes it difficult to
accurately track the aircraft. The differential trace in Zone 1 usually shows little or no
structure because the effect of aircraft movement at those distances is less significant.
Use of structure data in Zone 3 is suspect because information there is subject to
tracking errors by the RTT operator from too much aircraft movement, and parallax
errors caused by being offset from the runway centerline. The data collected in Zone 2
is used for most glide slope analysis because it is far enough away to minimize tracking
errors by the RTT operator and close enough to depict any glide path anomalies. Zone 2
is also usually the critical sector of the aircraft descent, where transition from
instrument to visual approach is accomplished or missed approach procedures are
implemented.

, 4 NM
- 3000/—p—— 3500’ ————1
e = e - — tocalizer course . -
Runway po—Zone 3 Zone 2 ————ste-Z0N0 1+

PTA

PTD

Figure I-1
ILS Reference Points and Zones

b. A sample aircraft structure recording is shown in Figure 1-2. The structure
information of the glide path is depicted by the differential trace. When distance marks
are available on the recording, they can be converted to nautical miles from the glide
slope facility or point abeam the glide slope facility on the runway centerline. Whether
or not distance marks are available, the recording timing lines can be used. Using timing
lines, the RTT run is sampled every two seconds between Points A and B. The panel
operator determines the locations of Points A and B on the recording. The difference
between the recording centerline (determined by the RTT eyepiece angle) and the trace
is measured in light lines or uA. Light line values on the 150 Hz side of the centerline
are read as positive values. Light line values on the 90 Hz side of the centerline are read
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This is due to the method in which the differential trace is

developed. The difference represents the angular difference between the RTT eyepiece
angle and the differential trace. A further explanation of RTT operation is presented in

Attachment 1.

as negative values.

J3dI33334%
®mown 0o ), abovepath
et -0 g k=
v ! O uA LINE
150 Hz v
80 H2 f
W DIFFERENTIAL TRACE
S| below path
i Y :
»
- .3 ‘gg
: e 8 & S
M L |
Figure 1-2

Sample Aircraft Structure Recording

c.  The actual, or average, angle defined in AFM 55-8 is measured in Zone 2.
The average angle is the algebraic sum of the RTT eyepiece angle and the average
angular difference between the RTT eyepiece angle and the differential trace.
Mathematically, this can be stated as follows.

Cavg = OrrT*X ()
where eavg = Average angle in degrees
eRTT = RTT eyepiece angle in degrees
X = Average difference between the differential trace and the

centerline in degrees

X is defined as follows.
n i 40 (

where (LLi) = Light line value of ".«c difference at each sample point i.




The factor (0.7/150) assumes a nominal path width of 0.7° set into the RTT and a
recording run calibrated to 150 uA and run at 75 uA.

d. A sample structure run showing the average angle is presented in Figure 1-3.
Zone 2 structure is measured as the maximum excursion of the actual recorded data
from the average angle. In Figure -3, the maximum structure reading is shown as -2.9
light lines, or about 11 uA below path. If we consider the average angle as a model of
the actual glide path, then the elevation (Y) of a point on the glide path above the RTT
eyepiece elevation can be found at a distance (X) from the RTT by the equation Y = X

tan(® avg)'

Figure 1-3
Average Angle Structure Analysis

2. Linear Regression of Glide Slope Structure Data. Because the glide slope
theoretically radiates in a straight line (in the first null of the SBO radiation pattern),
the glide slope may be modeled with a linear equation of the form Y = BX + A, where A
and B are constants. We can find the best fit straight line to our collection of sample
points by performing a linear regression using the method of least squares. The
constants A and B are then calculated from the following equations.

For (xi, yi), i=1,uyn

(3 xjyj) - (2 xi)( b yi)

B = n
i 2 (2x.)? )
1
(i(xi) ) -
A . Y oB(3N )

Such a linear regression would appear on the flight recording as shown in Figure 1-4.

EX Comparison of Average Angle Versus Linear Regression:

a. The advantage of using the average angle is its simplicity. It is convenient to

IR ol o 4t SRR O o
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Figure 1-4
Linear Regression of Flight Data

use and requires no sophisticated analysis for its derivation. The calculations can be
performed quickly by the panel operator. The problem with the average angle is it does
not account for any trend of the angle change. It only accounts for the average, and
does not show an increasing or decreasing trend in the recorded data, as shown in Figure
I-5. Additionally, the trend of the data cannot be based entirely on glide path anomalies,
but may also be dependant on the RTT position. The fact that the average angle must
pass through the RTT eyepiece makes it dependant on the RTT position. If the RTT is
positioned below the extended glide path, the average angle will generally be higher.
Conversely, if the RTT is positioned above the extended glide path, the average angle
will generally be lower. This was demonstrated in eleven TRACALS evaluations on glide
slope facilities conducted in the past three years. The results of these evaluations show
the average angle does not allow total separation of the RTT position effects from the
true glide path anomalies, and therefore may provide questnonable information about the
glide path performance. There is no way to tell if an RTT is optimally located from the
data provided by the average angle.

%M

Figure I-5
Inability of Average to Show Data Trend

b. Linear regression analysis is very useful because many different topics can be
investigated by its use. The major advantage of linear regression is its ability to depict
the trends in the structure data.




(1)  The glide path in Zone 2 can be viewed as a straight line in space in
accordance with the glide slope theory of linear radiation. If a set of coordinate axes
and a reference point are provided, an equation can be developed for the line.
Regardless of how the line is viewed, the line is still located in the same position relative
to the reference point and coordinate axes. If we assume the glide path has no bends in
Zone 2, then the trend depicted by the linear equation gives an indication of the RTT
position relative to the extended glide path. This application is based on data collected
during the two TRACALS evaluations at Wright-Patterson AFB.

(2) Figure 1-6 shows a diagram explaining the effect of RTT position on
recorded structure data and the RTT position relative to the extended glide path. (RTT
placement also has a slight but negligible effect on the observed glide path width and
angle when measured in level runs, as explained in Attachment 3). A linear regression
whose slope tends toward the 90 Hz side of the recording as the aircraft approaches
threshold indicates the perceived glide angle is gradually decreasing, as shown in Figure
I-6a. Assuming the glide path is straight, the perceived decrease in the glide angle
implies the RTT eyepiece is above the extended glide path. Likewise, a linear regression
whose slope tends toward the 150 Hz side of the recording as the aircraft approaches
threshold indicates the perceived glide angle is gradually increasing, as shown in Figure
I-6b. This implies the RTT is below the extended glide path.

(3) This analysis indicates the more horizontal the slope of the linear
regression, the better the RTT position and the truer indication of glide path
performance. The effect of an optimum RTT position and its relation to the extended
glide path is shown in Figure I-6c. The ideal situation is shown in Figure 1-6d, where the
RTT is positioned on the extended glide path with the eyepiece at the true glide angle.
Analysis of the glide path structure recordings with linear regression can be used to find
the optimum RTT location at glide slope sites without permanent RTT stands, or at
unusually configured glide slope sites, such as the once-operational waveguide facility at
Malstrom AFB.

(4) Data collected at Wright-Patterson AFB demonstrated the average
angles at various RTT locations had a greater dispersion than the angles found by linear
regression at those RTT locations. This data is summarized in Attachments 5and 6. The
nature of a linear regression makes it relatively independant from the location of the
RTT since the extension of the equation back to the origin will not pass through the RTT
eyepiece except for the specific case shown in Figure I-6d. Because of this and the fact
that it follows the trend of the data, linear regression provides a true indication of the
actual glide angle. The true glide angle of the facility is related to the slope of the
linear regression equation, namely (B). If the collection of sample points is converted to
a series of coordinate points in space with both units in feet, then the true glide angle
would simply be arctangent (B). Linear regression can be used to determine other glide
slope parameters as explained in Attachments 2 and 4.

4, Use of the Linear Regression by Flight Inspection and TRACALS Evaluation
Personnel:

a. There are two hand-held calculators presently in the Air Force inventory used
by flight inspection as well as TRACALS evaluation personnel to perform linear
regression and average angle calculations during flight inspections or TRACALS
evaluations. These two calculators are the Hewlett-Packard Model HP-25, NSN 7420
PHP25, and the Texas Instruments Model TI-59, NSN 7420 01 054 4382. Procedures for
using the HP-25 calculator to solve linear regression and average angle are presented in
Attachment 8. A program written for the TI-59 calculator to compute linear regression,
new RTT placement, and average angle is presented in Attachment 9. A program is also

10
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presented in Attachment 10, written in Applesoft BASIC for an Apple computer. In
addition, other programmable calculators can be used to perform linear regression and
average angle calculations.
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Figure 1-6
Effect of RTT Placement on Recorded Glide Path Structure

b. The primary end product for the flight inspection personnel is a line on the
recording used to measure the structure and depict the glide angle. Timely computation
during a flight inspection is essential to save funds and resources. As an added feature




of linear regression, the units of the coordinate axes do not have to be equivalent. Data
points can be read in coordinates of nautical miles and light lines or in the readily
available coordinates of seconds and light lines to save more time. When using seconds as
the X-coordinate, the zero reference should be the glide slope antenna and increase toward
Point A. With this reference, Point B will generally occur between 10-20 seconds and
Point A will occur between 60-90 seconds, depending on the speed of the aircraft. It is
important to use the same reference on the recording as the data points when drawing
the linear regression.
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APPENDIX I

DERIVATION OF THE EQUATION FOR RTT REPOSITIONING
BY LINEAR REGRESSION ANALYSIS OF GLIDE SLOPE STRUCTURE

l. General. This appendix presents a step by step development of the equation for
repositioning an RTT using linear regression analysis of the glide slope structure. It also
includes the reasoning behind the assumptions in the derivation and a listing of the
variables used.

2. Thought Process for Position Improvement:

a. In order to correct our RTT position for optimum viewing of the glide path,
we must first collect an initial set of RTT structure data and obtain a linear regression.
The linear regression on the flight recording represents a linear regression in space of
the glide path. The linear regression in space will have some angle to the horizontal
reference plane, which we will call (,. ). The ideal place to view this linear regression
is a direct end view of the line. In oth&nwords, the line would appear as a point, with no
parallax errors involved. The only time we would be able to "see" the point view of the
linear regression with the RTT eyepiece is to be positioned on the runway centerline at
the runway point of intercept (RPI) of the linear regression.

b. Positioning the RTT in such a manner is impractical for obvious reasons of
safety, so we must position the RTT offset from the runway centerline. Let us limit
ourselves to position the RTT somewhere along a line between the antenna base and the
runway threshold centerline. This will coincide with existing methods and also limit our
movement from the initial RTT position we used to obtain the linear regression. Our
initial RTT position was such that we backsighted the antenna base at minus the
commissioned or desired angle. Data collected from several TRACALS Evaluations
support the premise that the linear regression angle (©,. ) will not differ much from the
average angle, nor will either of these differ much fr& the RTT eyepiece angle if it's
relatively close to being correct. Consequently, we can assume negligible change in the
initial RTT position no matter which of the three angles is used to backsight to the
antenna base. Therefore, we can state the initial RTT position is sufficient for acquiring
the linear regression.

c. The advantage in having a sufficient initial RTT position is we can now have
a reference for all our calculations. This reference is the antenna base, which appears as
our initial origin of the glide slope signal. Because the linear regression does not pass
through the RTT eyepiece except for one specific case, the linear regression will usually
show a new apparent origin of the signal, which may either be behind or in front of our
initial origin. Our desire is to reposition the RTT to align the eyepiece to backsight to
the new apparent origin.

d. Before we get into the actual derivation of the RTT positioning equation, it is
convenient at this point to list the variables used. These appear as follows.
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Average angle of the structure data in degrees
Angle of the linear regression from the horizontal in degrees

RTT eyepiece angle in degrees
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Observed elevation angle of the linear regression at Point A
in degrees

Observed elevation angle of the linear regression at Point B
in degrees

Slope in terrain from the horizontal in front of the initial
origin in degrees

Obtuse angle between the terrain slope and the line defined
by the linear regression in degrees

Offset distance of the antenna base from the runway
centerline in feet

Distance along the runway centerline from the threshold to
the point abeam the antenna base in feet

Direct distance from the RTT position to Point A in feet
Direct distance from the RTT position to Point B in feet
Direct distance from the antenna base to Point A in feet
Direct distance from the antenna base to Point B in feet
Horizontal distance the RTT is moved along the line
between the antenna base and the runway threshold
centerline in feet

Light line value of the linear regression at Point A

Light line value of the linear regression at Point B

Distance along the terrain surface the RTT is moved from
the initial position to the new position in feet.

Let's now look at the geometry involved in my calculations. For the jnitial

RTT position, the geometry appears as shown in Figure II-1.
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Figure 11-1
RTT Position Geometry
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We can see the trigonometry involved with determining all results from our initial RTT
position will get somewhat difficult since the location is not in line with the antenna
base and either of the points we are interested in. Therefore, I will assume (d_) and (db)
will not appreciably change if I envision the RTT as being placed along the lind between
the antenna base and Point B. This will simplify the mathematical development and the
final equation later on. Figure IlI-1 in Appendix IIl shows the error in feet incurred for
various combinations of (d éé) and {d ) because of this assumption. Generally, we could

expect about six to seven fé&t error fh the new RTT position. Without actually moving
the RTT to this new alignment, let's pursue the problem as if it were aligned between the
antenna base and Point B. Our geometry for this situation would now appear as shown in
Figure 11-2.
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Figure 11-2

Revision to RTT Position Geometry for Mathematical Simplification

f. Let's suppose the elevation angle at which we view the glide path at Point A
will not noticeably change when we envision the RTT aligned to Point B, because (d_) is
large compared to the distance the RTT is moved. The nominal change in (d_) from
moving the RTT is less than 0.043%. The elevation angle at which we view the glide
path at Point B is more dependant on the RTT position. The nominal change in (d, ) from
moving the RTT is about 0.352%. Although this error is not particularly significant, let's
move the RTT such that the eyepiece angle required to observe the glide path at Point B
is the linear regression angle (el. ). This will allow structure at Point B (which is where
the structure tolerances becomé critical) to be observed as if we could view the glide
path at the RPI of the linear regression. Remember, the angle at which we view Point A
will not appreciably change when moving the RTT (if we move the RTT 150 feet toward
the threshold, for example, the angle to view the glide path at Point A will change less
than 0.50%). The end result is to position the RTT along the line between the antenna
base and the runway threshold centerline so the linear regression data on the flight
recording is seen at a constant angle. In other words, the linear regression on the flight
recording is parallel to the differential trace centerline (©__ ). If el.n) is greater than
© e)’ we must move away from the antenna base to incredie our vi wing angle to the
glité"path at Point B. Conversely, if (©,, ) is less than (©__ ), we must move closer to
the antenna base to lower our viewing angle to the glide pa§¥ %t Point B.

3. Derivation:

a. Once we have the linear regression, we can find the light line values of the
linear regression at Points A and B. We can use these values to find our viewing angles
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to Points A and B from the following equations.

o, = eeye + (LLA (0.7/40)) (1a)

© + (LLg (0.7/40)) (1b)

eB eye

If we drew our known information on the flight recording, it would appear something like
Figure 11-3. We can now see how the RTT will be moved by looking at the values for
(©,)and (®,). When (©,) is greater than (©,), the RTT is too close to the antenna base;

cof‘x\rersely, %/hen © A) is‘bless than (GB), the &TT is too far away from the antenna base.
e — BUMRIRENREINR SRR S e
[T T T structura) E_;“w
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Figure II-3

RTT Structure Run Showing Linear Regression

b. Remember an assumption 1 made stating the RTT position is essentially
unaffected whether we use (el. ), ©_ ), or (®_ _ ) to backsight to the antenna base.
Therefore, (© A) and (©,) also lc?rigina(’t%‘:"from tHeY&ntenna base as well (for the initial
RTT position). 'We can t%en make an intermediate step to calculate the heights in space
of the linear regression by using the distances from the antenna base to Points A and B
(D A and Dy, respectively) in the following equations.

D, tan(®©® A) (2a)

A A
D

H

Hy tan(eB) (2b)

B

€. We can use the heights at Points A and B to find the elevation angle of the
linear regression relative to the horizontal. The geometry for this calculation is shown
in Figure II-4. With a simple trigonometric identity, we arrive at (eﬁn) by the following

equation.

-1 HA-H

8)in = tan 20804 (3)

Now let's substitute Equations (2a) and (2b) into (3), and also have (D,) and (D, ) in terms
of (d ;) and (d ) as depicted in Figure Ii-1. Our final equation for ( liy is as follows.
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Figure II-4
Geometry for Determining Linear Regression Elevation Angle

0, = ton" {,;Io" 2+|ag+24304]? [tanB, | Fott’ +do+3500]% [tan8 5] 1 B
20804

d.  We want to reposition the RTT to view Point B at (6 - Since (Hg) should
remain unchanged, then moving the RTT will appear to align the éyeplece to some new
apparent ongm The horizontal distance from Point B (at the same elevation as our
initial origin, the antenna base) to the new apparent origin (D ') is found with Equation

(5).

p! = __Hs
B tan alin (s)

e. I will now make an assumption concerning the height of the RTT. Assume the
RTT will be repositioned at the same height above the ground as at the initial position.
This is a valid assumption because the same RTT operator will be at the site moving the
RTT. It is logical to assume he will set up the RTT at the same eyepiece height for his
own comfort every time. Let us also assume the terrain is flat. This means the new
apparent origin is at the same elevation as the initial origin. If we make these
assumptions, the distance we should move the RTT is simply the difference between (D )

and (D '), shown in Equation (6).

Dtheo = DB - DB' (6)

Because we have (Hg,) in terms of (D) in Equation (2b), let's substitute () into (5).
Then we now can subs 5)
(DB)-

titute Equation into (6) for (DB'), and have (Dth e o) in terms of
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If we put (D) in terms of the more easily known distances (d ?fr%) and (d ) from Figure 0-

1, then our equation for RTT positioning with flat terrain in Iront of tife antenna base is
shown in Equation (8).

2 2
Dtheo = Vdoﬂ‘ +(‘o+ 3500) 1 'ﬂL—l (8
tan elin

f. In many cases, we will not have flat terrain in front of the antenna base. We
should therefore adjust Equation (8) to reflect a general case for terrain slope. Figure II-
5 illustrates the geometry used to account for terrain slope. In this figure, the slope is a
negative value. A similar geometric relationship can be drawn for a positive slope and

for negative values of (Dtheo)' All angles and sides will have the same relationship with
each other.

old apparent

origin

.ng Dtheo ©in

\new apparent otigin
without terrain slope

new appar{nt origin
with terrain slope

Figure II-5
Geometry for Incorporating Terrain Slope Into RTT Repositioning

Having made the assumption the RTT eyepiece will be repositioned at the same height
above the terrain, then the distance to move the RTT on sloping terrain is X from Figure
[I-5. We can find an equation for X using the Law of Sines.

sina _ sinByy
Dtheo X

X sin@ = Dtheo sinB;q




Dthoo (9) g

The angle (@) needs to be expressed in some other terms. Let's put it in terms of (9, "
and the terrain slope (s), as shown in Equation (10).

a = 180 - ©,. + s (10)

lin
You will notice s is a positive term in (10) because we consider it negative in Figure II-5.
We can now reduce (10) to (11) through the following process.

e e

a = 180 - elin + S
sinda = sin (180 - ©,  + s)
sinQ = sin (180 - (©; - s)
sina = sin (elin - s) (11)

If we substitute (11) into (9) for (sin@), we get the following equation.

X = Dypgo _L"ﬁl.iﬂ_ (12)

sin I9"n

g. Our final step is to substitute Equation (8) into (12) for (Dth eo)' We now have
an equation for (X) to reposition the RTT with a slope in the terrain.

! 2 )
X = lﬁ""z +ag+ 3800)°f 1t % O ||—=m8un | (1 |
) tan e"n sin le" - 3' ‘l?

Although this is a horrendous looking equation, the three terms represent specific items
about the new RTT position. The first factor is a reference distance for the site we are ;
checking. The second factor relates the shift of the new RTT position based on the '
relationship between the angle at which we view the glide path at Point B and the linear

regression angle. The third factor relates the effect of terrain slope to the new RTT

position.
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APPENDIX 1II

ACCURACIES INVOLVED IN USING LINEAR REGRESSION ANALYSIS
FOR RTT REPOSITIONING

1. General:

a. The technique which we use to measure glide path structure, that of tracking
the aircraft flight with a ground based theodolite, has certain absolute errors which we
are constrained by. Fortunately, these errors are small, so a high degree of accuracy can
be achieved. There are three primary areas limiting the accuracy of our measurement
technique.

(1)  The majority of theodolites used in glide slope flight inspection have a
calibrated accuracy of 0.01". Geneorally, a qualified theodolite operator will be able to
track the aircraft flight within 0.01" of its actual position.

(2) The RTT transmitter design also provides a small inaccuracy. The
calibration procedure and meter face on most transmitters generally produce enough
variance to cause a 2-3 uA error in the transmitted signal. Using normal aircraft
receiver calibration, this will induce about 0.01" error in the differential trace.

(3) The recording light lines are physically about 0.l inches apart. It is
generally possible to read the differential trace to wijthin 0.5 light lines. Using normal
receiver calibration, this corresponds to less than 0.01" error in the differential trace.

(4) The cumulative error_of measuring glide path angles resulting fron our
measurement technique is about 0.03". This is comparable to the accuracy achieved
using an automated flight inspection system.

b. In the process of developing my procedure for optimum repositioning of an
RTT based on linear regression analysis of glide slope structure, [ made several
assumptions to help simplify the derivation. Whenever most simplifying assumptions are
made, there is usually some inherent loss of accuracy associated with the assumptions.
Some of the simpler assumptions I made are already discussed in Appendix II. | wili now
examine the more complex assumptions I made in my derivation and their associated
accuracies.

2, Assuming RTT Alignment to Point B Instead of Threshold:

a. One of my major assumptions was we could envision the RTT as being placed
along the line between the antenna base and Point B, to simplify the mathematics.
Because we are backsighting our initial RTT position to the antenna base, the RTT will
be the same distance from the antenna base when realigned to Point B. However, this
will change the RTT's distance to Point B, which affects the angle at which we view the
linear regression and glide path at Point B.

b. For small angles such as 3.00° or less, the tangent of the angle is simply the
value of the angle in radians. Since the tangent is proportional to the distance from
Point B, a change in the distance will cause a proportionate change in the angle. Figure
[I-1 shows the change in distance from the RTT to Point B assuming alignment to Point
B. This is done for various combinations of the glide slope offset distance (d ,.) and

distance to threshold (d ). For example, let's use a distance to thresold of 1000 toé(fet and
an offset distance of 500 feet. Figure IlI-1 shows the distance from the RTT to Point B




Offset Distance fror Centerline in Feet

100
0
0 2 i 6 8 10 12 ih 16 18 20
RTT Placement Zrror °- eet
Figure II1-1

RTT Placement Error Assuming Placement Between Site and Point B
Versus Site and Threshold

will be 7.3 feet different (shorter) when assuming alignment to Point B rather than the
actual alignment to threshold. The RTT distance from_the antenna base used in Figure
IM-11is 115 feet, corresponding to an angle of about 2.75".

c.  Figure IlI-1 shows that as the ratio of (d ) to (d_..) decreases, the change in
distance will increase, and vice versa. The closer the facili?y is to the lower left corner
of Figure III-I, the less inaccuracy is incurred in my derivation by assuming RTT
alignment to Point B. In the example above (d = 1000, doff = 500), the RTT distance

to Point B is 4412.7 feet. The 7.3 feet from ﬁgure [II-1 represents an error of 0.165% in
distance, or an error of less than 0.01" in the Point B viewing angle. These errors are




within the limits of our measurement techniques; therefore, I can envision the RTT as
being aligned to Point B for simplification of the mathematics in my derivation.

3. Absolute Error of Viewing the Linear Regression in Space From An Offset Position:

a. As 1 stated in Appendix II, the ideal place to view the linear regression in
space is from a direct end view of the line. This means the RTT is located on the runway
centerline at the RPI of the linear regression. Because we cannot do this, we incur some
error by moving away from the point view. The amount of error is dependant primarily
on (d ;) and to a lesser degree on (d ).

b. Figure II1-2 depicts the absolute accuracy of viewing a perfectly straight line
from various RTT locations. The graphs were developed by sampling 20 points from a
perfect linear regression at 3,00° (coefficient of dgtermination is 1) based on various
combinations of (d_..) and (d ). The value of 3.00 is used because it will cause the
largest amount of ?gccuracyowhen varying (d ) and (d £ ). We can see that (d f) has
the major effect on the absolute percent of acc%racy. Cﬁignging (d ) affects the absofute
accuracy very little because the graphs for various values of (d o) are close together.

c. The results indicate we can expect better than 99.8% accuracy in our
measurements for the majority of glide slope sites in existance, even though we have
offset the RTT from the ideal viewpoint. This level of accuracy will not appreciably
affect the RTT positioning procedure when the RTT is placed in its usual position along a
line between the glide slope antenna base and the runway threshold centerline.

4, Assuming All Major Elevation Angles Pass Through the Same Apparent Origin:

a. Early in my derivation, I assumed that the linear regression angle, the
average angle, and the eyepiece angle would not differ appreciably from each other and
hence appear to pass through the same apparent origin. The position of the origin is
related to the tangent of the elevation angle when the RTT is kept at a constant height
above the ground. Therefore, we can get an idea of the disparity between angles that
will not cause the origin to change by more than five feet. Table Ill-1 presents this
relationship of origin distance from the RTT versus elevation angle. The RTT height for
these cal~ilations is 5.5 feet.

b.  Table IlI-1 shows that more change in the apparent orig’sn occurs for a change
in elevation angle when the elevation angle is lower. Even at 2.507, a change of 0.1" in
the elevation angle will cause about 5.0 feet change in the apparent origin. This means
if the eyepiece angle is 0.1° off from the average or linear regression angles, it appears
to originate only 5.0 feet from the origins of the average and linear regression angles.
Our ability to measure the aircraft position in space is not accurate enough for a 5.0 feet
change in the origin to cause a significant error in my procedure. Thus we can tolerate a
dispersion between the eyepiece angle, the linear regression angle, and the average angle
of up to 0.1° without introducing an appreciable error in the calculations for a new RTT
position.

5. Assuming a Constant RTT Eyepiece Height Above Ground. I made the assumption
that when we move our RTT to the new position, it will be set up at the same height
above the ground. This appears to be valid because during a given evaluation or flight
inspection the same theodolite operator would be tracking the aircraft. However, the
operator will probably vary the eyepiece height somewhat due to terrain or other
considerations. If we keep the RTT eyepiece angle constant (2.57), we could vary the
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TABLE HI-1
ORIGIN DISTANCE VERSUS ELEVATION ANGLE

ELEVATION | DISTANCE FROM | CHANGE OF
ANGLE RTT TOORIGIN | DISTANCE
IN DEGREES IN FEET IN FEET
2.45 128.5
2.50 126.5 2.3
2.55 123.5 2.5
2.60 1211 2.4
2.65 118.8 2.3
2.70 116.6 2.2
2.75 114.5 21
2.80 112.5 2.0
2.85 110.5 2.0
2.9 108.6 1.9
2.95 106.7 1.9
3.00 104.9 1.8
3.05 103.2 1.7 N
TABLE IlI-2

DISTANCE TO ORIGIN VERSUS RTT HEIGHT
FOR A CONSTANT ANGLE

EYEPIECE HEIGHT

ORIGIN DISTANCE

DISTANCE CHANGE |

IN FEET IN FEET IN FEET

6.0 137.4

5.9 135.1 2.3
5.8 132.8 2.3
5.7 130.6 2.2
5.6 128.3 2.3
5.5 126.0 2.3
5.4 123.7 2.3
5.3 121.4 2.3
5.2 119.1 2.3
5.1 116.8 2.3
5.0 114.5 2.3
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ysegiece height and see the change in the distance to the origin for flat terrain. The

e

2.5 angle will cause the largest change in the distance to the origin. The results of this
analysis are sunmarized in Table I1I-2 and indicate we could tolerate an eyepiece height
change of 0.2 feet (about 2.5 inches) without changing the origin distance more than 5.0
feet. A theodolite operator, while not always setting up the theodolite the same exact
height every time, would most likely set his eyepiece height within 2.5 inches of his
nominal comfortable value. Variances in eyepiece height from operator to operator will
not affect the RTT positioning procedure becaus-. the eyepiece is actually referenced to
an apparent origin through the eyepiece angle. The operator will still have to move the
RTT the same amount whether his eyepiece height is 5.0 feet or 6.0 feet. The limitation
to this analysis is the same operator must move and set up the RTT at the new position.




APPENDIX 1V

EXAMPLES OF RTT REPOSITIONING

l.  General. Opportunities to fully explore the feasability and accuracy of this
procedure have rarely been available during TRACALS evaluations. As a result, I have
only been able to perform the procedure at a very limited number of bases. This
appendix presents examples showing how the RTT positioning procedure was used during
recent TRACALS evaluations.

2. Myrtle Beach AFB, SC SSILS Evaluation. The first full use of the procedure
occurred during the Myrtle Beach AFB, SC SSILS evaluation on Runway 35 from 27
January to 18 February 1382. During the course of this commissioning-evaluation, the
procedure was attempted. However, because of delays due to weather and aircraft
scheduling, a more thorough investigation could not be accomplished.

a. A contour study of the Runway 35 glide slope site and signal forming terrain
was performed and is shown in Attachment 11. In addition, wr:e following variables were
collected for the procedure.

d0 = 1063.55 feet
d = 500.66 feet
off o
S = -0.43
2) = 3.00°
eye

b. Structure runs were conducted with the RTT at the standard initial position
(along the line between the antenna base and the runway threshold centerline such that
the eyepiece backsights the antenna base at (-© Because of time constraints, the
positioning calculations could not be performe%y%efore the RTT was moved. The
evaluation team chief decided to move the RTT 50 feet forward to examine the effect of
a different location. After moving the RTT, another series of structure runs was
performed. The same pilot and RTT operator were used in both sets of runs.
Afterwards, RTT positioning calculations were accomplished on all structure runs using
Equations (la), (1b), (4), and (13) from Appendix II. Graphs of the structure runs used for
these calculations are shown in Attachment 12. The results of the calculations are
presented in Tabie IV-1.

c. The Myrtle Beach AFB results support the validity of this procedure. The
initial runs in Attachment 12 show the original RTT position was not far from optimum
based on the slope of the linear regression. The graphs slope slightly upward from Point
A to Point B indicating the RTT is too far forward. The results of the calculations agree
and indicate the RTT should be moved back about 66 feet.

d. The RTT was repositioned 50 feet forward. At this position we should expect
a greater slope in the linear regression line and perhaps worse structure indications on
the recordings. The structure runs after the move show this to be the case. Calculations
for the optimum RTT position from these runs indicate the RTT should be moved back
about 110 feet. This corresponds (within 6 feet) to the indicated optimum position from
the initial set of structure run calculations. Figure IlI-1 also indicates the calculations
will have an error of about 6.6 feet for the Myrtle Beach site. Based on this information,
both sets of structure runs indicate the correct position where the RTT should have been
moved.




TABLE Iv-1
RTT POSITIONING RESULTS AT MYRTLE BEACH AFB, SC

POINT A POINT B LINEAR |
VIEWING VIEWING REGRESSION AVERAGE RTT '
ANGLE ANGLE ANGLE ANGLE MOVE
(DEGREES) | (DEGREES) (DEGREES) (DEGREES) (FEET)
INITIAL
POSITION
RUN #1 3.0160 3.0479 3.0057 3.0324% -64.6
RUN #2 3.0041 3.0377 2.9935 3.0211 -68.0
RTT MOVED
+50 FEET
RUN #1 3.0410 3.1020 3.0243 3.0717 -103.6
RUN #2 3.0426 3.1031 3.0260 3.0725 -117.2

3, Duke Field, FL SSILS Evaluation. A special glide slope evaluation was conducted
on Runway 18 at Duke Field, FL (Eglin AFB Auxilliary Field 3) from 11-22 March 1982.
A portion of this evaluation was dedicated to investigating the RTT positioning
procedure.

a. A contour study of the glide slope site and signal forming terrain had been
performed during a previous TRACALS evaluation. It is presented in Attachment 1l.
The following positioning variables were also collected.

dO = 1265.0 feet
doff = 500.3 feet
S = 0-17
_ O
eeye = 3.00

b. A structure run was performed on each transmitter with the RTT positioned
in the normal initial position. Equations (la), (1b), (4), and (13) from Appendix I were
used on-site to calculate vajues for the new RTT position based on both structure runs.
However, an error was made during the calculations resulting in moving the RTT 40 feet
forward. Structure runs were then performed on each transmitter from this new position
and RTT position values were later calculated based on these runs. The same pilot and
RTT operator were used throughout the measurements except for the second run from
the new position, which was flown by a different pilot. Graphs of the Duke Field
structure runs are shown in Attachment 12. The results of the RTT positioning analysis
are presented in Table [V-2.

c. The results in Table IV-2 indicate several discrepancies. The structure in
Zone 3 is vastly improved at the new position while the overall structure indications in
Zone 2 remain about the same. In addition, the calculations from the two positions give
different positions where to move the RTT. The most significant discrepancy is the

average and linear regression angles were improved at the second position although the
RTT was moved the wrong direction. The two angles are closer to each other and the
linear regression shows less slope on the recording than from the initial position.




TABLE IV-2
RTT POSITIONING RESULTS AT DUKE FIELD, FL

POINT A POINT B LINEAR
VIEWING VIEWING REGRESSION | AVERAGE RTT
ANGLE ANGLE ANGLE ANGLE MOVE
(DEGREES) | (DEGREES) (DEGREES) (DEGREES) (FEET)
INITIAL
POSITION
RUN #1 2.9497 2.9981 2.9355 2.9734 -108.7
RUN #2 2.9525 2.9993 2.9388 2.9754 -105.0
RTT MOVED
+40 FEET
RUN #1 2.9663 3.0094 2.9534 2.9879 -96.7
RUN #2 2.9736 3.0078 2.9627 2.9906 -77.2

d. The apparent improvement in Zone 3 structure from the new RTT position
can be easily explained because the RTT is grossly misplaced at the new position. The
position is much closer to the threshold and Point B; consequently, everything in Zone 3
will appear at a higher viewing angle. The effect is to cancel the original fly-down
indication caused by antenna offset and make it appear improved by following the
general trend of the linear regression. This is a very good example of the effect of RTT
position on the recorded structure data,

e. The individual runs from the new position indicate about 20 feet difference in
the calculations for the optimum RTT position. The only significant factor differing
from these two runs is a different pifot. Pilot technique should not be an important
factor in the procedure, but these results indicate it may play a larger role than
expected. Examining the raw data recorded during these runs revealed the differences in
reference marks had a slight effect on the resultant differential trace. Normally, one
pilot flies the glide slope while the other provides event marks for the recording, looking
out the window and marking the 1000 foot light bar, the threshold, and the antenna as
the aircraft passes. A pilot providing reference marks with the glide slope on his side of
the aircraft will mark with greater accuracy than when the glide slope is on the opposite
side of the aircraft, although when the same pilot is used on all runs, the event marks are
consistent and no analytical errors are introduced. However, by changing pilots between
runs it is possible to change the relative locations of the event marks on the recording.
The middle marker trace was recorde’ on each run, and it can be seen there are some
differences in the distance references on the recordings because of the event marks.
The actual flight technique differences between pilots have a negligible effect on the
recordings because the RTT compensates for the aircraft not being on the glide path. As
a result, it appears the differences in RTT indications between the two RTT positions
and between the two runs at the new position are probably indicating the procedure is
quite sensitive to the data. This may indicate it is not always possible for the procedure
to provide an exact optimum location for the RTT.

f. The one positive result from Duke Field is both positions do indicate the
correct direction to move the RTT. Averaging the two values from the new position,

there is about 60 feet difference in the actual location of the "optimum" RTT location
between the two positions used in the test. Assuming the procedure is indeed valid, the
actual optimum RTT position probably lies somewhere between these two locations. In
any case, the procedure indicates the RTT was placed too far forward at both positions.
This means the procedure will at least improve the position of the RTT, if not relocate it
at an optimum location.




ATTACHMENT 1

TM(N)-24
TECH MEMO
TITLE: THE RADIO TELEMETERING THEODOLITE AND USE OF ITS DATA

PURPOSE: The purpose of this tech memo is to show how the Radio Telemetering
Theodolite (RTT) basically works, and what data is used from the recording for glide
slope structure analysis,

NARRATIVE: The flight inspection of a glide slope facility is accornplished to verify the
radiated signal meets the specified tolerances in the United States Standard Flight
Inspection Manual, AFM 55-8. Various checks of the signal are made. Ultimately,
however, the primary feature which determines the adequacy of the radiated signal is
the condition, or structure, of the on-path signal. A smooth structure may allow
instrument approaches to be made doser to the runway, either by autopilot or manually.
A rough structure, however, may restrict a facility to manual approaches only, or to a
certain altitude or distance past which the signal is unreliable,

The best way to examine glide path structure is through the use of an RTT. The
basic purpose of an RTT is to set up another "glide path," at a frequency of 329.0 “\Hz (a
special frequency allocated specifically for flight inspections). This glide path, however,
is "perfect. The eyepiece of the RTT is set at the expected glide angle of the facility
being inspected. The RTT itself is normally positioned so the eyepiece angle is aligned
with the glide path origin, which is considered to be the base of the antenna tower. The
RTT's 90 Hz and 150 Hz signals are adjusted so they are balanced symmetrically around
the eyepiece angle. The width of the RTT "glide path" is also adjusted to the expected
width of the facility being inspected.

When the aircraft flies the real glide path, the RTT operator tracks the aircraft
movement with the RTT eyepiece, The RTT sends the aircraft a signal 1o show where
the aircraft should be if it were flying a perfect glide path. A differential receiver in
the aircraft compares the RTT signal with the signal of the real glide path. The
algebraic difference between the two shows the deviation of the actual glide path from
the "perfect” giide path produced by the RTT. The major advantage of using the RTT is
the aircraft does not always have to be exactly on-path. When the aircraft deviates
from on-path, the RTT tells the aircraft differential receiver the aircraft is deviating,
effectively cancelling the aircraft movement in the differential trace.

As an analogy, think of the RTT signal as a "string" positioned at the glide angle as
depicted in Figure 1. As the aircraft slides down the tring, it records the difference
between the "string" and the actual glide path. The "string" (the centerline of the
differential trace) provides the reference from which we can analyze the structure of
the actual glide path.

The flight inspection of glide slope facilities includes measurement of structure in
Zones |, 2, and 3, as shown in Figure 2. In Zone |, the aircraft's distance from the site
makes it difficult to accurately track the aircraft with the RTT eyepiece. The
differential trace in Zone | usually has little or no structure indications which can be
representative of the true glide path. Use of Zone 3 is undesirable because the
irdormation there is subject to tracking errors by the RTT operator from too much
aircratt movement. The data collected in Zone 2 is used for most glide slope analysis
because it is far enough out to minimize tracking errors but close enough in to depict any

Al-1
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Figure 1
RTT Analogy

glide path anomalies. Zone 2 is also the critical sector of the aircraft descent, where |
transition from instrument to visual approach is usually accomplished or missed approach
procedures are implemented.
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K ATTACHMENT 1

Use of an RTT for glide slope structure runs provides & constant stream of
recorded information from which we can sample data. A sampie aircraft structure
recording is shown in Figure 3. The structure data shown by the differential trace is
sampled at regular intervals in Zone 2. If distance marks are available on the recording, i
they can be converted to nautical miles from the glide slope facility. If distance marks l
are unavailable, the timing lines can be used with the aircraft speed to find distances.
Procedures for establishing distance scales on glide slope structure recordings are

| presented in TM(N)-20. Where the differential trace is sampled, the difference between
the recording centerline (eyepiece angle) and the trace is measured to determine the
structure of the facility.
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Figure 3
Sample Aircraft Structure Recording

1 Submitted By: 1866 FCS/TE, 1Lt Leister
30 May 1981
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ATTACHMENT 2

TM(N)-21
TECH MEMO
TITLE: DETERMINING TCH USING THE HEIGHTS OF POINTS A AND B

PURPOSE: The purpose of this tech memo is to demonstrate how to arrive at a
value for TCH using the heights of a model or actual glide path data at Points A
and B.

NARRATIVE: TCH is defined in AFM 55-8 as the straight line extension of the
glide path projected above the runway threshold. if we establish the straight line
portion of the glide path, either for actual data or through the use of a model,
then simple trigonometric relationships can be used to find a value for TCH. Two
convenient points to use in establishing the straight line glide path are Points A
and B. These points and the other ILS reference points and zones are shown in
Figure 1.

. 4 NM o
o= 3000 —~p——— 3500 ———= '
» localizer ® COourse "
- *- - e w» e
Runway le——Zone 3 —ep———2ZoNne 2—-4 Zone 1-+
PTA
PTD Threshold
p®
-—J—Té-j—--—‘--..___,__—__._-_
unway

Figure 1
ILS Reference Points and 7 ones

There is little disagreement that Point A is located in the linear portion of
the glide path, Point B, however, is located in the area where the glide path is
beginning to flare. How much error in the height of Point B is produced by glide
path flare? This can be demonstrated by calculating the height at Point B, first
using the distance from the point on the runway centerline abeam the glide slope
site, and then the diagonal distance from the glide slope site, which takes into
account the offset distance ui the glide slope facility from the runway centerline.
For a 3.0° glide angle, an offset distance of 500 feet, and a distance to threshold
of 1200 feet, the error in the height of Point B caused by glide path flare is about
1.4 feet, or less than 1 % Therefore, we can assume the height of Point B is in
the linear portion of the glide path and can be used to calculate a value for TCH.
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ATTACHMENT 2

The heights at Points A and B are found in two ways. The first and simplest
method is through the use of the GSSTAT Program, which automatically
calculates the heights of various glide path models at Points A and B. The second
method is to use the structure recording, determine the location of Points A and B
on the recording, and measure the light line values of the differential trace (See
TM(N)-20 for this procedure). However, the RTT must be verified to be optimally
placed before structure recording data can be used. The heights at Points A and B
(or any point along the glide path) can be found by the following equation:

H, - D; tan (B8 + @L;XW/4C))

Where D. - Horizontal distance of the point from the glide slope in feet.
= Center eyepiece angle of the RTT in degrees.
LL. = Light line value of the differential trace at the point being
evaluated.
W = Path width set into the RTT in degrees.

The heights of Points A and B in the GSSTAT Program are also computed in this
manner. Remember, these heights are referenced from the elevation of the
antenna tower base because the RTT eyepiece is backsighted to this point.

Once we have the heights at Points A and B, we can use the diagram in Figure 2
and some simple trigonometric relationships to derive an equation for calculating
TCH.

PTA

straight line extension

of the glide path

projected above the

PTB runway threshold

elevation of antenna tower base

Figure 2
Determination of TCH with Heights of Points A and B

The equation for finding TCH from the heights of Points A and B is derived below:

ha - (TCH + a) = hB-(TCH+a)

24304 3500




ATTACHMENT 2

3500h, - 3500(TCH + a) = 24304hg - 24304(TCH + a)

20804(TCH + a) = 24304hp - 3500hp

TCH = ZQBOQhB - 3500hs -a
20804

Where h, - Height at Point A in feet
{\‘B - Height at Point B in feet
a = Threshold elevation - antenna pad elevation in feet

Because the heights are referenced from the elevation of the antenna tower base,
the elevation difference between the glide slope site and the threshold must be
accounted for. (Hence, the constant "a" in the above equation).

Submitted by: 1866 FCS/TE, Lt Leister
15 May 1980
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ATTACHMENT 3

TITLE:

EFFECT OF THEODOLITE PLACEMENT ON WIDTH AND ANGLE RUNS

The placement of the theodolite has a slight effect on the data collected
during a width and angle run. For example, assume the aircraft makes a level run
at 1000 feet AGL. With a constant radiation pattern, the width and angle points
will always be in the same place, as shown in the diagram below. Now let's
choose three theodolite locations A, B, and C. A is positioned 100 feet in front
of the extended glide path, B is positioned on the extended glide path, and C is
positioned 100 feet behind the extended glide path. The theodclites are 5.24
feet high. Using geometry, we can calculate the effects of the different view-
points (theodolite locations) on the angles of the width and angle points. Assume
the glide angle is 3.00°. The results are shown in the table below.

lower upper
width glide width
point

angle point

DIAGRAM
EXAGGERATED FOR CLARITY

ACTUAL GLIDE | VIEWED FROM | VIEWED FROM | VIEWED FROM

PATH LOCATION A |[LOCATION B | LOCATION €
LOWER WIDTH POINT 2.650° 2.6610 2.649° 2.637°
UPPER WIDTH POINT 3.3500 3.373° 3.353° 3.3330
GLIDE PATH ANGLE 3.0000 3.0170 3.0010 2.985°
PATH WIDTH 0.7000° 0.7120 0.704° 0.696°
SYMMETRY 50%/50% 50%/50% 50%/50% 50%/50%

The results indicate that a theodolite position in front of (or below) the
extended glide path will have a tendency to increase the angle and width. Con-
versely, a theodolite position behind (or above) the extended glide path will
have a tendency to decrease the angle and width. The symmetry remains unaffected
by the theodolite position. Terrain effects can also play a role in affecting
the observed angle and width. The magnitude of these changes, however, even with
the amount of theodolite misplacement shown here, is hardly measurable on the
flight inspection recordings and not reportable on flight inspection reports.
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ATTACHMENT 4

TITLE:

FLIGHT RECORDING ANALYSIS WITH LINEAR REGRESSION

Linear regression on glide slope structure recordings can be accomplished
with most any combination of coordinate units. X coordinates can be in feet,
nautical miles, or in seconds. Y coordinates can be in uA, feet, light-lines,
or degrees. The most common and easiest to use is seconds and light-lines because
these are readily avajlable on the recording. When seconds are used, the starting
point is not critical as long as the linear regression is drawn based on the same
starting point. For uniformity, Point B can be used as the starting point. Then
the seconds can be incremented toward Point A. With equal units the glide angle
is readily found as the arctangent of the slope of the linear regression. With
unequal units, however, the glide angle cannot be determined from the linear
regression. This problem can be overcome using the following diagram and
procedure.

TCH | "4
Hp
s |ap <« 3500" +|e 20804’ >
THRESHOLD POINT B POINT A

1. Determine the value of the linear regression in 1ight 1{nes at Point A and
Point B. Convert these 1ight 1ine values to degrees (ap and ag, respectively).

2. The height of the glide path at Points A and B can be calculated from the
equation below.

H =D tana

where H = height of glide path at each point
D = distance from the glide slope site to each point
a = degree value of the linear regression at each

point

3. The glide angle for the facility is found from the following equation.

0 = arctan (-ﬂgﬁgﬁ%ﬁ)

The distance from the glide slope can be used because we originally
set the RTT to backsight the antenna base at minus the commissioned or]
desired glide angle. We can therefore treat our viewpoint of the lin=
ear regression as the antenna base withou# incurring appreciable erroxy
The antenna base location is easily found in the facility data sheets.
If we convert H, and Hy using step (2), and in terms of the facility
offset distance (4, f) and distance to threshold (d4,), we get the
following equation gor the glide angle.

8 = tan {ﬁo,f 2+|a,+24304)? [tangy |- Jdof12+[do+3500]2[tarfﬁj}

20804
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ATTACHMENT 5

TITLE:

RTT POSITIONING ANALYSIS SUMMARY

LOCATION

Wright-Patterson AFB

OATE

July 1978

509'

Je- 950" »
Diagram of RTT placement on runway 05
Diagram is not drawn to scale.
POSITION 1 |POSITION 2 | POSITION 3 {POSITION 4
AVERAGE ANGLE 3.06° 3.07° 3.02° 3.06°
STRUCTURE ZONE 1 8uA/5.8NM | 7uA/4.9NM | 9uA/5.3NM | 8uA/5.9NM
STRUCTURE ZONE 2 | 19uA/2.1NM [ 15uA/2.1NM | 15uA/2.5NM | 17uA/2.9NM
STRUCTURE ZONE 3 | 23uA/0.6NM [ 15uA/0.9NM | 12uA/0.8NM | 12uA/0.8NM
TRUE GLIDE ANGLE 3.04° 3.05° 3.020 3.03°
AVERAGE OF AVERAGE ANGLES: 3.05°
STANDARD DEVIATION: 0.022
AVERAGE OF TRUE GLIDE ANGLES: 3.04°
STANDARD DEVIATION: 0.019

The true glide angle values are more closely grouped than those for
- the average angle, based on the standard deviations.
true glide angle are a better indication of the actual glide angle.

The values for

REMARKS
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ATTACHMENT 5

TITLE:

RTT POSITIONING ANALYSIS SUMMARY

COCATION

DATE

Wright-Patterson AFB April 1979
G.S.
ormal RTT location
509’
i .
992" ;
S —
‘3 '2
e 824 ——
950" >
950"
Diagram of RTT placement on runway 05
Diagram is not drawn to scale.
THEO PAD {POSITION 1 {POSITION 2 | POSITION 3 | POSITION 4
AVERAGE ANGLE 3.04° 3.09° 3.08° 3.05° 3.07°
STRUCTURE ZONE 1 4uA/7.0NM | 3uA/5.INM | 4uA/5.ONM | TuA/4.INM | 8uA/4.1NM
STRUCTURE ZONE 2 | 11uA/4.1NM | T9uA/0.7NM | 11uA/2.6NM | 12uA/1.8NM | 18uA/0. 6NM
STRUCTURE ZONE 3 | 12uA/0.3NM | TOuA/0.2NM | 10uA/0.3NM | 9uA/0.3NM | 19uA/0.3NM
TRUE GLIDE ANGLE 3.07° 3.09° 3.09° 3.10° 3.11°
AVERAGE OF AVERAGE ANGLES: 3.07°
STANDARD DEVIATION: 0.021
AVERAGE OF TRUE GLIDE ANGLES: 3.09°
STANDARD DEVIATION: 0.015

The true glide angle values are more closely grouped than those for the

average angle, based on the standard deviations.

glide angle are a better indication of the actual glide angle.

The values for the true

et
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ATTACHMENT 7

THE EFFECT OF VIEWPOINT ON LINEAR REGRESSION ANGLE CALCULATIONS

The graph below illustrates the effect of viewpoint proximity to the
linear regression as used in this procedure. The linear regression is con-
sidered to be a straight line between Points A and B at an angle of 3.00
from the horizontal. The projection of the linear regression intersects the
reference plane at a point 1000 feet from the runway threshold (the "origin"),
or 4500 feet from Point B. As we move the viewnoint along the runway cen-
terline to Point B, we examine the viewing angles to Points A and B, as well
as the value for the linear regression angle produced by the procedure. The
linear regression angle (8;;5) is plotted against the difference between the
viewing angles (8g - 6,). The distance from Point B is marked along the top
of the graph.

53888 8. £ron T B in feet d °

TA~ A lgtance from PT get ~

S 3L K AL O A SR f.-ff{:’f”?i%lz?ff»fi NE BRI BT
0

S -2

9 -20

S

oL

9

= -40

]

=

=560

@

-80

-100

0 10 20 30 40 50 60 My 80 90
(Bg - 84) in degrees

The graph shows the procedure becomes increasingly inaccurate as the
| viewpoint becomes closer to Point B. When the viewpoint is directly under
Point B (8 = 90°), the linear regression angle goes to negative infinity.
However, when the viewpoint is in the vicinity of the apparent origin, the
linear regression angle remains very near its actual value of 3.00°. The
distance scale becomes extremely compressed at this point as well, which
indicates that as long as the initial viewpoint is in the vicinity of the
apparent origin, the procedure will evaluate the rrect linear regression
angle and therefore be valid.
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ATTACHMENT 8

TITLE

HP-25 PROGRAM FOR LINEAR REGRESSION

This program is based on the Hewlett-Packard HP-25 program for linear
regression. It has been slightly modified to compute the average light line
value as well as the regression constants aj and ag» based on the following
equation.

Y = a](X) + ao

Y is the value in light lines of the recording data point, and X is the distance
from the glide slope. The distance can be in any units, as long as the linear
regression is drawn on the flight recaording in the same units. For use on the
flight recordings, data points should be taken at least every two seconds, and if
time permits, every second.

Below is the key sequence for the program itself. The next page provides
instructions for using the program. It is assumed the user is familiar with the
operation of the HP-25 programmable calculator.

DISPLAY KEY DISPLAY KEY

LINE CODE | ENTRY COMMENTS LINE CODE | ENTRY COMMENTS

00 Steps 1 thru 7 25 321 CHS

01 31 4 for summation 26 24 04{ RCL 4

02 15 02 g x2 27 51 +

03 |23 51 02| STO+2 28 24 03] RCL 3

04 221 Ré 29 N} +

05 211 XsY 30 23 001 ST0 0

06 251 ¢+ 31 741 R/S Halt to display A
07 13 00] GTO 00 32 24 01] RCL 1

08 24 05| RCL 5 33 74| R/S Halt to display A4
09 24 07] RCL 7 34 211 XsY

10 24 04)] RCL 4 35 221 R+

11 61 X 36 61 X

12 24 03] RCL 3 37 24 02| RCL 2

13 AN S 38 24 04| RCL 4

14 M| - 39 15 02] g x?

15 24 06] RCL 6 40 24 03] RCL 3

16 24 Q71 RCL,7 41 7 2

17 15 02] g x2 42 ayf -

18 24 03} RCL 3 43 711 =+

19 71| = 44 74| R/S Display ré

20 gl - 45 24 04] RCL 4 | Coefficient of

21 71 =+ 46 24 03] RCL 3 | determination

22 23 01] STO 1 47 1 4+

23 24 07] RCL 7 48 13 00| GTO 00] Display nvevons Yy
24 611 X

MEMORY REGISTERS REMARKS: The value on Tine 14 is also needed near
Ry =ag Ry=2%Y the end of the program to find the coefficient of
Ry = aj Rg = sXY determination. Since all registers are in use,

Ry = s'v2 Rg = 2 X2 the only place to store this value is in the stack.
Ry = n R, = Z X Because of its presence, do not disturb the stack.

AFCS W3S 906 A8-1




ATTACHMENT 8

TITLE

HP-25 PROGRAM FOR LINEAR REGRESSION

The following is a set of instructions and keystrokes to use with the program
on the preceding page. Once the program is entered and initialized, the user
inputs the paired values of data (Xi,Yj), i=1,...,n. «when all the data points
have been entered, the regression constants ay and ag may be calculated.

A third value, the coefficient of determination (r‘) is also found. The
value of r< will lie betweea 0 and 1, and wili indicate how cliosely the equation
fits the data; the closer r© is to 1, the better the fit. When the equation is
solved with coordinates such as light lines and nautica! miles, r¢ will not be
close to 1 because the units disagree. If the time is taken to convert the
coordinates to the same units, such as feet, then rl will be greatly improved.
This is not necessary, however, since the linear regressicn is the best fit
equation no matter what r¢ is.

If X coordinates ae taken every second, Step 3 can be simplified somewhat.
Choose the first data point and call X = 0. Punch the ENTER4 key. Enter the Y
value and punch R/S. The display will show 1. Now punch ENTER % key again. Enter
next Y value and punch R/S. Now the display shows 2. Continue this process for
all the data points. This allows the program to use the data point number to
increment the X coordinate. The data points can be entered much quicker and tirc -
is saved in computing the X ceordinates. j

t
STEP INSTRUCTIONS INPUT KEYS OUTPUT
1 Key in the program
2 iInitialize program LT RS : _iDG
1 [
i ¢
3 |Perform for i=1,...,n & ' At‘ ] S L
miianl
Y,i R/3 j( i _‘: )
)
Compute regression N Y
4 | constants Sl RS PR e
ey
L ?f J ! ay
[ ,
Compute coefficient ! . If ]{ 2
5 |of determination R ! | r
L =
6 |Compute average of Y's } Beo) i | &
! N f
2 [ L
7 |To find Y, input X X pLREL) b L iyl RCL ‘
|
! 0 + Y i
It [
8 |[Perform step 7 as needef I I
9 |For new case, go to 2. 4! | l
|

ORM

AFCS Y 906 AB-2




Attachment 9

PROGRAM RECORD

CALCULATOR TYPE PAGE  OF
TI-59 with PC 100A/C 1 L
OATE

PROGRAMMER
1Lt M

PROGRAM TITLE

TI-59 Program for Optimum RTT Placement

q

RIS T

[PARTITIONING (OP 17)

L 17194 51 9] CARD NUMBER(S) 1

PROGRAM DESCRIPTION

/ MASTER Librar

Module

(RTT) .

tion aircraft,

The Optimum RTT Position program provides the team chief/ engineer with a rapid

method for the evaluation of the placement location of the radio telometry theodolite
From information off of the flight recording of an RTT run, the engineer can

assess the trend of the crospointer trace and determine statistically whether the RTT

is in front of, behind, or on the correct position to properly track the flight inspec-

USER INSTRUCTIONS
STEP] PROCEDURE ENTER PRESS DISPLAY
1 Initialize the program after reading card. | CLR or @ 2nd | E! 0
2 Enter the G/S to threshold distance df. distance ftf§znd | A dg
3 {Enter the G/S offset distance doff. distance ft{2nd } B! dB
4 |Enter the RTT eyepiece angle.feye. angle deg f2nd | C! Geye
5 |Enter the terrain slope S. slope deg [2nd | D! S
6 |Enter the number of seconds to Point A time sec C Pt A
7 | Enter the number of seconds to Point B time sec D Pt B
8 JEnter 999 for auto X or first X-value. 999 or val |} A § or value
19 |Enter Y (light line) value. value B summation indx
10  Repeat 8 & 9 or 9 cepending on mode (automatic X-value ¢r mahual}X-vallue entry).
i Repeat until all data pointsare entered intp the calculdtor.
% 11 | Caleulate QA, 6B, 0lin, avg ang, Dtheo and RTT move. If thef linéar rggression is
i desired to be printed enter one, else # lorgp E RTT move ft
I
'}12 fReinitialize the program for another analysjs 2nd LE'
USER DEFINED KEYS TA REGISTERS ( ~ mW) LABELS (OP 08
» X-value input 10 Pt A in sec 20 Theta A (BA) N inx XCET R xt x2
® Y-value input 1' Pt B in sec 2" Theta B (8B) foovm SO R syt
¢ Seconds to Pt A |12 dp in feet 2° Theta lin (@lim)] " ‘. -7 %%
9 Seconds to Pt B J13 doff in feet 2 Avg angle A 'ﬁi o O
£ Execute 14 dB in feet 2¢ Dtheo E EmxEe W
+ df input 15 8 eye 2> RTT move = o3 m =
8 doff input 1% terrain slope 2°® temp storage xim m o | x
¢ Qeye input 17 X manual buffer 7 | | m m
o Slope input 1% x auto indx buffr] §* 11 to deg factor] HB }ﬂ - = =
E L P ] N ]9 x ]n]; x ]"i:ﬂ; QD Iiﬂﬂﬂ ],”ffer m n"
FLAGS
0 | 2 3 ! 4 5 6 7 8 9
Auto X LinRegPrt
AFCC 0% 943
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50 TEG nsz 08 Q06 127053 o from RTT
43 RCL oEE 32 ETH 1TS443 RCL to Pt B
19 19 a4 Ve LEL “Initializatgiz® 12 12
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TE T+ Sum.to lin|Jd®: 00 0 to degree fisec 332 E
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ATTACHMENT 9

TI S Frogr-am for Optimum
RTT Flacement

INTRODUCT ION

This guide contains the i1nformation necessary to run the
program for the Leister Method of RTT Flacement written for the
TI-59 calculator. The program can be run on the calculator
alone or on the calculator/printer combination. The program 1s
enhanced for use with the PC-~100/A or C printers.

DESCRIFTION

The RTT Method program provides the Team Chief/Engineer
with a rapid method for evaluating the placement location for
the radio telemetry theodolite (RTT). From information ottt of
the flight recording of an RTT r.an, the engineer can assess the
trend of the crosspointer trace and determine statistically
whether the RTT is in front of, behind, or on the correct
position ¢to properly track the +Fflight inspection aircraft.
Data needed to input into the program include:

1. The distance in feet the glide slope antenna is
from the servicing runway’s threshold —— this is symbolized as
DO

2. The distance in feet the glideslope antenna 1s
from the servicing runway’s centerline ~— Doff

3. The general terrain slope in degrees from 1n
front of the glide slope antenna to 200 feet out -- S

q, The RTT eyepiece angle in degrees —-- @eye

S. The time in seconds it took the aircraft to flv
from Foint A to the glide slope antenna —- for 9A calculation.

6. The time in seconds it took the aircraft to flv
from Point B to the glide slope antenna —— for OR calculation.

7. The 1ight 1line value of the crosspointer at some
time increment —- vy

8. Finally, the time in seconds from the glide slope
antenna each light 1line value was taken off of the flight
recording ~- x.

The program uses linear regression to find the trend of
the light 1line values (y) over time (%) in between Foint A and

Point B -- the straight-line portion of ihe glide path. The
origin of the linear regression line is extrapolated to the
runway centerline abeam the glide slope antenna base. The

program then computes the trend line angle (6lin) from the data
parameters in 1, 2, 6, and 7 above.

After both sides of the TI-59 magnetic storage program
card are read into the calculator, the program must be
initialized. Simply press the E’ key (2nd € key). The pragram

A9-5




ATTACHMENT 9

1s now initialized.

Next, the user needs to enter the parameters described i1n
1 through & above. DO 1s entered through A’, Doff is entered
through B*, -Oeye 1s entered through C°y, § 15 entered through
D*y the number of seconds from the glide slope antenna to Foint
A is entered through C, (the glide slope antenna 1is the time
origing; the time count starts at zero there and increases to
Point A. Thus, x can be thought of as time to go until the
aircraft reaches the point abeam the glide slope antenna), and
finally, the time in seconds to Foint B 1s entered through D.
If the printer is being used, each of these values entered are
printed out and identified for verification.

The user 1s now ready to input the linear regression data
paints. The flight inspection recording 1s held so that the
light line values are entered as positive 1f the trace i1s on
the 150-Hz side of the zero crosspointer line and negative if
the trace is on the 90-Hz side of the 2zero crosspointer line.
This wuwsually means that the glide slope antenna mark on the
recording will be at the wuser’s right and the Point A mark will
be at the user™s left. The program can be operated in two
different modes. One mode is for the program to automatically
provide the time increment (x) for the linear regression. This
default time i1ncrement is two seconds. The user simplv 1nputs
the flight Iinspection recording iight line value (y) at this
fefault value from Foint B to Point A.

The second mode the program can be run 1n 1s for the user
to provide the values of the time (x) when the light Jline value
(y) 15 measured. This allows the user the freedom to utili:ze
this program when an RTT run is not possible. but barrel runs
are. Since the theodolite operator’s on call marks are
generally not consistant over time, the user can i1nput the
y-value and x-value of the on call marks and construct the
linear regression from these.

Therefore, 1f the user desires the program to default tne
x—values, simply enter the number 999 through the A key. Ihis
causes the program to be flagged for automatic x-value entry.
Thereafter, only the y-values have to be entered in the program
through the B key. There is an error trap in case mistake 1g
made and the A key is accidently hit when entering a v-value.
The y-value will be entered as if the B key was pressed.

If the user wishes to enter both of the data values tlien
the x-value is entered through the A key followed by the
y-value through the B key,

This key sequence 1s continued 1n e)ther case until all ot

the data points are entered. The display of the calculator
will show a counter increment of how many data points have heen
entered into the program. If the printer 15 being used. the

values are printed out and are 1dentified as x values o
y—values. If a mistake 1s made 1n data point entrv, 1t can be

A9-6
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ATTACHMENT 9

removed by using the trend data point removal 1nstructions 1n
the TI-59 handbook or the 1little booklet provided with the
solid-state library module.

Once the linear regression data 1s entered, the formula
computations can begin. The program will compute oA, OH, ©l11n,
the average angle, Dtheag, and X -- the final resultant move for
the theodolite. The program again has two modes at this point.

If the user 1s using the printer and wants the values of the
linear regression to be printed out; press the 1 key and then
the E key. If 1t is not desired to have this extra
information, then press the 0 key or the CLR Ley and then the E
key.

Finally, the moment of triumph' The calculated theodolaite
move 1s displayed and also printed i1f you are using the
printer. Remember, 1f the value 1is positive then move the
thecdllite forward toward the threshold. If 1t 1s negative,
then move it back. I+ the distance to move the theodolaite is
computed to be less than 15 feet, the move should be considered
to be insignificant.

I1f the user wishes to keep the facility data, simply save
it onto another magnetic card by writing side 4 on the card.
The information in the memories is listed below:

Register lLocation Register Contents
00 thru 07 used as linear regression array

08 light-line to degrees factor
Qa9 temporary storage buffer
10 time to Foint A in seconds
11 time to Foint B 1n seconds
12 d0 in {eet
132 doff in feet
14 dB in feet
1S Oeye in degrees
16 terrain slope in degrees
17 x~value manual 1nput buffer
18 X~value automatic index bufter
19 y~value 1nput buffer
20 9A resultant storage
21 8B resultant storage
22 9lin resultant stor age
23 average angle resultant storage
24 Dtheo resultant storage
25 Theodolite move storage

To compute another RTT run, simply re—-initialize the
program and re-enter the facility data and the new recording
data 1in the mode desired.
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VIgT
o DI Drefoce s Dim pyorsg
20 SEM START THE GRAPHICE FOR CRT{M(m RTT POCITION,
It HOME : BR
A COLOR= &1 PLOT Z,100 PLET 15,1%: FLOT Ia018: FLAT 19,
3¢ COLOR= 13: PLOT 13,30 PLOT 2,25: PLIT Zo,77: FLOT 15,74
o) COLOR= 123 PLOT 12,20: PLOT {2,22: FLOT 25,29 PLOT 17,00
T3 COLOR= &3 PLOT B,13s PLOT 21,15: PLGT 10,00 FLOT 27000
30 COLOR= 13; PLOT 11,30: PLOT 14,305 FLOT 20,30 FLOT 18,70
90 COLOR= o3 PLOT &,15: PLOT 12,100 PLOT J&. it PLOT 27,10
1o COLOR= 12: FLOT {5,25: PLOT 19,23 PLOT 27,20: PLLT 23,14
J10 COLOR= i3: PLOT &,31; RLOT 28,70 PLDT 28,35: FLOT ls,20
<) CDLOR= & PLOT 22,10: PLOT 34, 14: FLOT 30,15: PLOT 15,10
{26 TOCOR= 13y PLOT (8,35: PLOT 34,79 PLOT 28,70: PLOT 11,33
140 [CLOR= 17y PLOT 12,25 PLOT 15, 25: FLOT 21,20: PLOT 25,27
180 COLOR= & PLOT 27,15: PLOT 25,0149: PLOT 19,15 PLLT 6,12
169 (QL0R= 13 PLOT T3¢ PLOT 22,79 RUDT 13,33 RLOT 6.1
170 D0.08= 12y FLOT 12,25 PLOT 14,730 PLOT 19,24 PLOT 26,20
180 TOLTR= A¢ PLOT Z,15: PLOT 10.17: PLOT 22120 PLCT 29,4
195 COLER= 13: PLOT 10,75: ~LOT 11,300 FLOT 16,30; FLOT 74,3
206 COLQR= As PLOT B,14: PLOT {3,10: PLOT 23.15: PLOT 23012
206 ChLDR= 13y ALOT 33,15; PLOT 26,74 PLOT 31,32: PLOT 24,20
220 COLOP= &3 FLOT 9S,14; FLOT 24,13: FLOT T0,{0: FLOT 12,18
230 COLOR= 13: PLOT 3,33: PLOT (8,71: PLOT 14,32: PLOT 1,35
240 COLOR= 6: PLOT Z,12: RLOT 21,39: PLOT 27.1%: PLOT 34,:2
250 COLOR= (Z: PLOT 15,.71: PLOT 13,23y PLOT 19,21y PLOT 15,24
260G COLOR= é: PLOT 4,07: PLOT 19,12y PLOT 3X.83: PLOT 25,11
270 TOLOR= {3: PLOT 16,3%: PLOT 34,32: PLOT 29,30: PLOT 5,73
280 COLLR= 6@ PLOT 17,10: PLOT 11,12: PLOT 23,14: PLOT 10,11
290 COLOR= 13: PLOT 11,35: PLOT 13,35: PLOT 20,30; PLOT 28,32
I6e COLDR= o FLOT 15,11: PLOT Z1,1%: PLOT 3Z,1f: PLOT 34,15
30 COLOR= {3: PLOT 35,33: FLOT 22.31: FLOT 8,33: PLOT 15,3C
I2% COLOR= 6: FLOT B,13: PLOT 27,11 PLOT 32,13 PLOT 19,12
330 COLOR= 1%: PLOT 25,21s PLOT 16.20: PLOT 15,22: PLOT 25,24
340 ZOLOR= 13: PLOT 3,30s PLOT 14,33: PLOT 26,35: PLOT 26,34
350 COLOR= &: PLOT &,10: PLOT 19,10: FLOT 30,13: PLOT 21,12
a0 COLOR= 13: PLOT 5,30: PLOT 18,38: PLOT 31,30: PLOT 22,34
370 COLOR= &: PLOT I,14: PLOT 24,12: FLOT 29,15: PLOT 35,13
80 COLDR= 13: PLOT 33,30 PLOT 27,30: PLOT {3,31: PLOT 4,32
199 COLOR= 12; PLOT 12,27: FLOT 19,203 PLOY 25,20: PLOT 14,20
430 COLOR= &3 PLOT &,14: PLOT 25,132 PLOT Ja,13: PLOT 8,12
413 COLOR= 13: PLOT I,3{: PLOT {1,33: PLOT 28,33: PLOT 33,31
470 COLOR= o: PLOT 15,17: FLOT 35.12: PLOT i6,10: PLOT 5,15
430 COLOR= {3: PLOT 30,35: FLOT 26,31: PLOT {8,70: PLOT t0,10
440 COLIR= 4: PLOT 3.11: PLOT 22,:13: PLOT Zs,14: PLOT 27,14
457 COLOR= {3: PLOT 9,35: PLOT 14,35: PLOT 11.31: PLOT 36,33
450 COLOR= 4 PLOT 4,11 PLOT 25,19: PLCT 70,14 PLOT 9,13
470 C3LOR= {3: PLOT 11,3t PLOT te,74: PLOT 31,34: PLOT 37,34
460 COLOR= 12: PLOT 12,24: PLOT 20,205 PLOT 25,23: PLOT 13,20
430 COLOR= 13: PLOT 29,35: PLOT 4,33 PLOT 22,32: PLOT 8,30
S90  C(0LOR= &; PLOT 19,14: PLOT 12,12: PLOT &,13: PLOT 9,10
910 COLOR= {3: PLOT 7,32: PLOT 15,33: PLOT 28,34: PLOT 18,34
520 C3LOR= &: PLOT 4,15: PLOT J& 13 PLGT 21,11 PLOT 30,10
€30 COLOR= 13: PLOT @,34: PLOT I0,20: FLOT 17,32: PLOT 34,31
540 COLOR= &:; PLOT 8,i4: PLOT 28,15: PLOT 9,11 PLOT 15,13

pe
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ATTACHMENT 10

ST T TTIT RO SIS RLOT 2B, FLDT 10 24
Coles SOUT NN TDEs s PLLOT 2004y PLOT S, 100 PLOT DFLLL
: PN 0T 2007 RLQT 11,0 PLOT 18,32

CRAT 2T TX0Rs sy PLAT TL1T: PLOT Y4140 RLDT 2S00

iy soorTe RLAT 3000 RLIT Zr TGy PLOY 5T, 70: COLOR= 12 PLOT 19,2
: S:omr BOOT R0t RLGY Troidy COLDR= (T PLOT A4, Tngs PLGT 28,30
[
‘ S NTabon PRINT By ARVEY (EISTER®: ERINT ¢
30 mTan 5 FRONT YPRESS ANY MEY YD REGIN, vy TALL - 7G8:D8 = vty TERT ;o mOME
EE T S THis FROGFGM FRIVIDES 4 METWCE TE P

S BaINT cTimacie POSITION AN RTT FOR VIEWINE ThE®
s B NT USTRUCTURE ON W BUIDE SUDPE FADILIv,”
©oo=-INT OUTRIC [y DONE USING AN INITIAL S35 TION®
2 RT LRUALLY THE RTT BACHSTTED TO THE GLIDE"
sot SRINT CUSLGFE ANTENNA BASE!, AND FECCREING A
¢ RAINT CSTRUCTLRE RUN,  THEN THE FROSRAM FITS A
STonT CSTRALGHT LINE 70 Twg SECORDED DATE BY AY
2075wl UUINEAR REGRESSION USING THE METWQD OF*
Tleo =RINT tLEAST SQUARES,  BASED ON THE SINE IN*
Tan BawT U3PACE REPRESENTED B THE LINEAR REGRES-*
TIo BEINT USION AND TTS GNGLE O THE WORIZONTAL.®
Dot GWONT CTHE PROBRAM CALCULATES WHERE TO MOVE®
Ty BEINT MTHE BTT TG ALISN [7 TO THE LINEAR RE-*
1. P-0NY “GRESCION IN SPACE. THIG PROVIUES THE®
S BRINT 4 CONSTANT VIEWING ANalE 70 DESERVE THE
Fov e INT “BLIDE PATH AND MEASURE [TS STRUCTURE™
810 PRINT "PERFORMANCE.": PRINT **: PRINT *
<00 PRINT “PRESS  ANY ¥y T CONTINUE,“: CALL - 75a: HORE
80 POINT “NOw, 40w TO USE THE FROGRAM.“: PRINT «
340 PRINS "FIRST, vOU KILL BE ASKED FOF SOME VvAR[-"
‘ 830 PRINT "AHLES WHICH TAILOR THE CALCULATIONS 10
dad PRINT "THE FACILITY BEING CHECRED."
270 PRINT “THEN, YOU FUT IN X AND ¥ COGRDINATES OF°
88C  PLINT “DATA POINTS FROM THE STRUCTURE Run. »OU"
890 =RINT “SELECT YOUR X-4115, SUCH AS SECONDS,*
90 FRINT "NAUTICAL MILES, ETC, THE v COORDINATES®
910 FRINT *A4E LIGHT LINE VALUES ON THE RECORDING.
920 FRINT “90 HI READINGS ARE NESATIVE: 150 Ki *
936 PRINT “READINGS ARE POSITIVE.": PRINT **
94 PRINT "PRESS ANY KEy TO CONTIMUE, ": CALL - 7So: HOME

1 350 PRINT °PRESS <S> TQ STOP ENTERING COQRDINATES.®
: 960 PRINT "ONCE /0U VERIFY YOUR CCORDINATES ARE®

{ 970 PRINT "CORRECT, THE PROGRAM WiLL CALCULATE AN°
; 580 PRINT “EQUATION FOR THE LINEAR REGRESSION. [T
i 90 FRINT *WILL ALSO PROVIDE A TERM CALLED ThE"

i 1500 ®RINT 'COEFFICIENT OF DETERMINATION, WHICH®

i 1010 FRINT “LETS YOU KNOW HOW WELL THE LINEAR RE-*

1020 FRINT "GRESSION FITS YOUR DATA, THE CLOSER -
1070 FRINT “THE COEFFICIENT IS 70 1, THE RETTER THE®

i 180 PRINT FIT, ¥OU KILL ALSD BET THE AVERAGE V"

* (155 SRINT *VALUE FOR CONPUTING THE AVERAGE 6LIDE" |
80 CRINT “ANGLE.*: PRINT ** ]
197 ERINT *PRESS ANY KEY TO START.": CALL - 756 |
RO 0= 0oy = 0pXY0 = s = 01V = 0aP o= 0nd) o= 0pA0 = ) !

109 HCME 3 PRINT “LO vOU WANT:": PRINT **
1100 HTGR S5 PRINT "f)  ENTes NEW DATA“: WTAR 5: FRINY *2) GET DATA FROM DISr: WTAR 5: PRINT "1 [CATALQE LISK': E5N° -
116 PRINT *WH[CH CHMOICE? “: GET A%: [F vAL tusr 1 OR AL As - 7 B0TC {110
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N [ B R

AR CPETT TRt SR I

134 FRONT o HOME ¢ GCSUR Dot FRINT DS cCwTALORt: FRINT  [HRS «AaitTel00: JACL - TSer 8OTC juse
DS AdmE s FRINT CFACILITY VAR[WBLEZ Ty PRINT

vle INPLT CFACILITY (QCATION; ";Fe; PRINT “*

1170 INFUT “RUNMAY NUMBER: “iRuwy: ©RINT -«

1°80 [NPUT "5¢5 DFFSET DISTANCE: i[OFF: PRINT "+

LUSG INPUT 5/S-THRESHOLL GISTANCE: ®;DTH: FRINT **

1067 INPUT “RTT EVEPTECE ANBLE: “;EvE: PRINT ¢

1216 INPUT “TERRAIN SLQFE [N DEGREES: ~i5: PRINT **

1220 INPUT “RE%ARES o 40 CWAR, 1y ~jRms; PRINT *°

123 FRINT ™ I5 THE DATA CORRECT™ *: GET vs

1243 1F v$ = UY* THEN GOTO 12605 IF vs . "N GOTR 17
S HTIRS G

1260 WOME ¢ PRINT “REMEMBER THESE FOINTS'“: FRINT *¥

12T RRINT CNOTE YQUR f COORDINRTES FOR POINTS A °

1200 FRINT “OND B, v valUES AFZ In LIGHTLINES,

1290 PRINT IR QU ARE REEDY, PRESS ANY WEV : JALL - 7%
P00 wONE

D el
T

RIS Y
I PRI tiF LOWOINE 18: : INUT I
1745 % I3z St THEN BOTD 137

TS0 D P o= unL ny

P60 FRINT o "ePyv COORDINATE [5: *5 INPUT ViDY{Pi = g PRINT '3 GQ10 1310

137G KIME ; FRINT "(OUR DATA EAIRS ARE:®; SRINT %3 =6

1380 FRINT =NUMBER® cy* wv*

{729 F0R § = 1 TQP - {:0 =@« {2 FRINT I,DK¢0D,DYQ]

{400 IF @ = 20 THEN 50T(0 {470

1410 EDTD 144D

1477 PRINT "PRESS ANY wfv TO CORTINUE, ™ FALL - 756

AT00 = § - 200 HOME 5 PRINT CNUMBEF®,"{,“¥*: FRINT *

V440 NEXT i PRINT -¢

1450 FRINT "ARE ALL YOUR DATA FAJRS CORRECYY ¢y BET ¥$: FRINT °°

14et IF ve = v THEN BO7D 1300: IF Ve ¢ . Uk BOTD 1450

1470 INFGT CENTER & OF INCORRECT PATR: "iN: PRINT *¢

1439 FRINT "¢ I8 ";Dx(Nr:® AND » {5 “;DYiNi; PRINT °¢

1490 INFUT “CHANGE ¥ CODRDINATE TO: ;DX {N): INPUT *CHANGE Y COORGINATE TO3: “;DY(N): BOTQ 1770
1500 FRINT ="t PRINT “Y-COORDINATE FDR FOINT A IS:":tA: FRINT *¥-CODRGINRTE FOR POINT B IS:%y1d
“§i0 ERINT **: PRINT “ARE THESE CORRECT™: GET v$: IF ¥8 = *y" eaTo {954

1 1820 IF ¥¢ 0 °N® BDTQ 1510

; 1920 PRINT “*:; INPUT “LHANGE PQINT A 1-COORDINRTE TQ:'3ié: INPUT "CHENGE POINT B (-COORDINGTE T2riuf: E20%°
‘ (540 BOTD 1500
’ 159 PRINT “%: PRINT D2 YGU WISK TQ SAVE THE RAW DATA: PRINT '7Q PISK™": GET v§
Q (560 GF ve = UV BOTO 241G: {F ¥Y$ 4 > "N GOTD 1950
: 137G HOME @ PRINT “HERE TOMES THE LINEAR REGRESSION'": FOR I1 = 1 TU S00: NEXT []: PRINT »»
1 1580 F = F ~ ¢

1990 FOR [ = 1 T Pead = 50 + DEs0ayd = Y0 & DYAD)0¥0 = X¥0 + (DXe]) 1 DY(]it

18006 ¥2 = A2+ (OXeT o DhavE o= ¥ o+ (YUY - 2oy NEXT

(810 A1 = OIY0 - O R YO Fhy 0N - (X0 27 P

1AM A = VG B - (e xR

HEEDICEEEE RTE N D SR IAVAR S DIV AVAR NS VAENNS (R SV AN N B SN AT/ I I RN

1840 AVI = YG /P

1557 REM CSPEW FORTH LINEAR RER RESULTS,

1460 HOME ¢ PRINT “TRE [ [NEAF EQUATIIN IG:v: PRINT *°

1570 HTAR 103 PRINT v = &1(1» + AQ": PRINT **

1680 FRINT “WHERE": FRINT "=¢ WTA4E 20y PRINT "A1 = ";Af: HTAR 20: FRINT "A( = “3df: FRINT
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SRy T0ES OF DETERMINGTION = ":R: FRINT ¢

= s T4 FRINT CAVERERE OF ¢ VALLES = o 1AVG; FRINT ¢

S-S 7. PRINT UNUMRER OF NATA PTR, = mgfy FRINT v

SUNT LT a0 WANT T DALZULATE QURER FQINTSe

izIN3 HE LINEAR REGRESSION FQUATIONT i SET vs: PRINT & IF ¥s ¢ "v* &ND Ve
COTHON QOTE 17a0

Aty

NET s TOCRGINGTE 1Ss tui
vooa AT L ag o« By FRINT v COTREINATE 151 “qvy
PR BRINT WNo MOPET Uy GET vs: PAINT v

SN BR0TD 17 0a

b s et THER 3T 1 7Ras TR s “N"OROTD {78
ST Ol v weNT INEAR REGCESSION [ATA PRS,': FRINT “USING VOUR ¢ [DORDINATES™®: GET ¥8: FRIKT & IF v§
o “NCRME 1800
Soch oz v TREN GOTRO1RTL
TEY

<2Me o PRINT "LINEQR REGRESSICN DATA FAIRS:™: PRINT ¢
SN L EEINT CRrM s

R X R T 1} CRE TS O I T AR T
sowoz My THEN RQTY 188y

T g0

I IONTINUE,": CALL - 754: PRINT

Y, evty PRINT -

-

w17 Jy PRINT vo
FEINT 7y PRINT CFRESS ANY kEv TO GTART DALCULATING THE": PRINT “NEW RTT #QOSITIGN, " ZALL
GoNGMS ¢ -RINT GIVE ME A SELOND'Te FOR [ = § TO 300: NEXT [:0N = 0,01745378s
ToDA = ogR (DRFF S 2o+ o(DTH ¢ 24304 0 D)

Cood= BEROGDERE e DM o+ 3SEY 0 240
Thow s AL B A+ ROYR 5 @A B IR AL

Cawes TR RN ¢ YA LG T s s = ON OB CEVE ¢ (YR B Q7 7 400
cle s ATN e U Tan i - ADROE TAN ARV Y) 7 Z0S0A
JEroe - TAN (AR ¢ TRN (LINh
TR Db (KRTT = KDk o SIN oLIM) 7 SIR (LIN - SR

RO OSPEW PLATEMENT REQULTS,

S0Me s ERTNT CRustrpRgrvaertz At RRTIRIRILIIIANELNL"

TiERZE  GRINT CRTT PLACEMENT ANALVSIS FIR“: NORMAL

SRONT S4rt RUW TIRNS: PRINT ANMg

SEONT TRRRRATRLIIIRIN LIS LIRS RN AR R NAR ARG Y PRINT 4

“Tas Sy SRINT "RTT EVEPIECE ANBLE: “:EYE

HTuw 4; FRINT "[:G QFFSET DISTANCE: *;DOFF

#RORT “BeS-THRESHOLD NISTANCE: “3DTH

HTAE I: PRINT “TRRN SLOPE IN DEGREES: “4S
HT=® T: PRINT “CYE ANBLE TO FOINT d: “188 /7 N
<TRE i FRINT “EYE ANGLE TO FDINT B: “;AF / ON

NTag 7: PRINT *# OF DETA FOINTS: "iP
WTAZ T: PRINT *LIN REGRESSION ANGLE: “:LIN ¢ CN
Wb = EYE + AVG £ 0,7 7 40)
RTER 1 PRINT “AVERAGE KNSLE: *;Avd
PRINT **1 FRINT “I8RM888000s 30ttt iRy s ttp gt tiseasy®
WTLE {1; PRINT *MOVE THE 1T *; INT RTT § 10} / 10;* FEET,*
SHINT “HELERILSRTINIS IR I IR AR IRRIIARE ", PRINT
RRINT "NEGATIVE VALUE MEANS MOYE TOMARD B/S:"
PRINT "POSITIVE YALUE WEANS MOVE TGWARD RNWY,”
PEINT “ANDTHER ANALYSIZ® *; GET Y8 PR'NT ¢ IF Y8 < © "y* AND Y$  © "N* G172 2200
sz v GOTO 1630
MOME ; PRINT *INSERT PROGHAN [IGi &NG FRESS": PRINT “ANY FEY: CALL - 754
ERIMT ;D8 - vty REM TRL G
F21.T )85+0uN MENY®

4~
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ATTACHMENT 10

END

PRINT * 1 PRINT "[NSERT DATA D75k &N FRESS ANY kEv, ¢ TALL - 7Sa; AETURN

PRINT D§;*CLOSE RTT *; LEFTS o\ @i~ Row “oFi$; e »p LEFTS (Rme, 91y FORE Die.i: RETURN

REm GET DATA.

ONERR  BOTO 2510:11P = |

HOME & INPUT “FACILITY _OCATION: “:F¢: FRINT "°

INFUT “RUNM&Y RJMBER: “;Rwe: PRINT

(NPUT “REMARKS 4G CHAR, .: “;RMs: FRINT ¢

B30k 2250

SOME ¢ VTAR 17: FRINT “GETTING 3¢ INVERSE : FRINT “RTT “: L&it- »8,3);" Fi4 "iRWS: 2 LEFTS (R 5i:;
s FILE.”

PRINT D$;"READ RTT *3 LEFTS (F$,8i:" R/W “:RWS;" “: LEFTS (RM$,§i

INPUT Pr INPUT DOFE: INFUT LTH: INPUT EYE: INFUT 5

INFUT F$: INPUT RN$: INPUT RM$

FOR T = 1 TG F - {s INPUT DXCEs INPUT DY (Di: NEXT

INPUT YA: INPUT B

AOSUR Z370: BOTO 1370

FRINT =+ REM SAVE DATA,

S08UE 221500 ONERR O OBATC 2510:11F = 2

HOME ¢ VTRE 105 ORINT “SAVING <30 INVERSE : PRINT “RTT =; LEFTS «Fe, 80" Row “;Fusy™ “y LEFTS :fug, 3.

" FILE,"

PRINT O8:OPEN RTT “y LEFTS (F$, 81y R/W "tRWS:™ *: LEFTS (PN$,9:
PRINT D8:*WRITE RTT *; CEFTS (F§, 813° R/W “jRMS;* 5 LEFTS (RN$,9)
PRINT P: PRINT DOFF: PRINT [ITH: PRINT EYE: PRINT §

PRINT F$: PRINT RW$: PRINT RM$

FOR [ = 1 TO P - 12 PRINT DXilrs PRINT DYiDD: NEXT !

FRINT X&: PRINT IR

GOSUR 2270 GOTO {570

FRINT “%: PRINT “BAD TRANSFER GF DATA!t!*: PRINT “*: FOR I = 1 T2 [700: NEXT : POWE 16,0
IF 118 = 2 BOTD 2504

50SUR 2270: GCTO 1080

NGFAL g

LTaE P

S

ERTTLERE 5 1y o= oy
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ATTACHMENT 11

TITLE:

GLIDE SLOPE CONTOUR STUDY ’

UATE

LOCATION

Duke Field, Eglin Auxiliary 3

March 1992

- ——
- —
e ,,/ -
P -
- ==
, — — .
/ s T N
CONTOUR i L ™~ IR
INTERVAL ChAmGE Te 0 e ~ N
" ~ \
I

/'/ /"/7 V‘\v \\\\

e
N
A
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e g h N
/ o
/ o N
_ N\
-~ N SRUSH & TREER
| fy
? ;’ l
8
: !
f g
SR
\\ :I )
Y
i 100 ¢ 100 Holh] hile)

SCALE N FFET
ELEVATIONS 14 FEET MSL

$
f
|
] / .
\ \ ; ~ "
NP
vy . o LEGEND
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