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Introduction

= \Nhy- IS this a problem?

= Airport ASEF Methodology: (described in previous
paper) relies on bounding the total ASF “error”
(difference from the reference ASE values).

= Changes in ASE with altitude can impact this
variance. sufficiently te break the bounds or fence
the use ofi multiple reference ASE values.

= Pos|tion domain bound Is 120m to meet RNP 0.3
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Altituae Test History

= Ejrst noticed some effects ~2-3 yrs ago...

= |deal ASF variation vs altitude test would be to stay
In over one spot and slowly change altitudes.

= Not possible with the Convair se alternative method
was devised

= Ely as slowly as pessible back and: forth between 2 points

= Only 2 headings for the test (Important due to H-field antenna
directional effects)

= Ely each direction at the given altitude prior ter moving up
o the next altitude

= Viaintain the same ground track serany. varation in the
JOA at a given spot would be due: te altitude only.




(e) Initial Look

= Altitude testing conducted in
Jan 2003 during flight tests
with FAATC
=_See our, “FAA Loran-C

Propagation Studies,” presented
at ION NTM 2003

Unfortunately, the receiver was
Set to adjust the internal

oscillator according to the

strongest station se that the TOA

measurements were not

consistent.

= S0, althoughi the test showed

that the USCGA DDC receiver
could be used In the aircraft, It
alse showed that the receiver
would need torbe stabilized with
an external clock signal

Interior of Convair looking forward; CGA DDC receiver in rack.




(o) Revised Equipment

= Altitude test was repeated in May:
ofi 2003

. USIng the DDC recelver Ground track for Altitude Test, 5/8/03
stabilized with an external
10MHz reference from the
NovAtel GPS receiver.

A new version of the receiver
was used which allowed each 1

Latitude

second of data samples to be
time-tagged to UTC. This
allewed real TOA measurements
to be made, independent ofi the
receiver’s clock.

Altitudes from 2500 to 6500 ft. s s e AT e Tas Tad s a2

Longitude

This test indicated! some
differences inf ASF due to altitude
ofi from 100-400n/s.
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(c3) Additionall Testing

= During the Summer 2003 series of: flight tests, Point Pines,
CA area

= Plane flew back and forth over the same ground track at
various altitudes.
Two closest stations were Searchlight and Fallon
LLegs were flown primarily North-South so ASFE Is plotted vs. Latitude

Two sets ofi plots, one for each direction due to the directional error
In the H-field antenna

In the case of Searchlight there are some fairly large differences
petween 4500 and 9000 it

In the case of Fallon, the differences are muchiless
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(o) Octener 2004 Elights

Most recent aircrait altitude test

= Using the SatMate ASE measurement system on the Convair.
Test was conducted in a similar manner to the previous (repeating
ground tracks at various altitudes)

= |n the vicinity of the FAA technical Center in Atlantic City, NJ
Accuracy of ASF results somewhat reduced due to the fact that the

SatMate receiver did not use a stabilized clock reference and thus the
results were somewhat corrupted by Doppler.

= To alleviate this and the error from the directionality of the H-field antenna,
results from only ene direction are shewn

ASES postprocessed taking Into account receiver averaging delay.

Results from Nantucket and Seneca are shown

= These should have about tihe same: Doppler error as the angles from the
Statiens o the track are albeut the same (in eppesite directions)

= The altitude variation for Seneca is muchimore thanithat for Nantucket which
makes sense as the pathifiom Nantucket is almost entirely seawater. The:
most altitude effect sheuld be seen on paths crossing the lowest conductivity
ground




To Seneca

To Nantucket
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o) Research by Others

= Altitude variations are reported on by Johler,
et al

= J. R. Johler, “LLoran Radio Navigation Over
Irregular, Inhomogeneous Ground: With
Effective Ground Impedance Maps,” Institute
for Telecommunication Sciences, Boulder, CO
Telecommunications Research and . Terrain Profile
Engineering Report 22, November 1971 : LL

= “ It s further concluded that the altitude S
correction must be determined from theory or Rll=s at Ground Level
measured in case of severe perturbations due [Eiaiiidsttiae :

t || | [ ” OF LORAN GRID
O Unpusual IoCal anemalles. AT DIFFERENT

L. B. Burch, R. H. Deherty, and J. R. Johler, KUkl
“LLoran Calibration by’ Prediction,” presented’at orace Partorbotions
Foeurth Annual Trechnical Sympoesium, Wild - of 10.0 Kilometers
Goose Assoclation, Ceckeysville, MD; 16-17 oo Bio T 555 o
October 1975 ——

- Figure tO I’Ight Figure 3. Predicted phase variations at three

altitudes.

Fhose Perturbations
at 2.5 Kilometers
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It is further concluded that such propagation anomalies are
significant not only on the ground in the immediate vicinity of
the anomaly, but also aloft and at great distance from the anomaly.
It is also cencluded that the type of antenna used by aircraft
navigating on loran must be censidered as to its effect on the
secondary phase correction at shorter distance from the transmit-
ter. It is also noted that the type of antenna is significant to
even greater distance as the altitude of the aircraft is increased.
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Research by Others (3)

R. H. Doherty and J. R. Johler, “Analysis of Groundwave Temporal
Variations in the Loran-C Radio Navigation System,” CO OT Technical
Memorandum, 76-222, 1976

= \\Neather effects, vertical lapse rate and refractive index

R. V. Gressang and S. Horowitz, “Description and Preliminary. Accuracy.
Evaluation of a LLoran Grid Prediction Program,” WGA (ILA) 7, 1978

= refractive index of the atmosphere at the surface, and the lapse rate or rate
of change ofi refractive index with altitude above the surface

R. H. Doherty, L. W. Campbell, S. N. Samaddar, and J. R. Johler, “A

Meteorological Prediction Technigue for Loran-C Tempeoral Variations,”
WGA (ILA) 8, 1979

= Vlest Impertant parameter is atmespheric verticalllapse factor, alpha

C. P. Comparate and E. D. MacKenzie, “Studying the Dependence of
Time Difference Values on llemperature Changes,” WGA (ILA) 16, 1987

= Jrempoeral fluctuations due te vertical lapse rate - altitide change (400ns)




= \W. E. O'Halloran and
K. Natarajan, “A Semi-
Empirical Method for
Loran Grid Calibration/
Prediction,” JAYCOR,

Woeburn, MA 25 August
1983
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Research by Others (5)

= S. N. Samaddar, “The Theory of Leran-C Groeund \Wave
Propagation -- A Review,” Navigation vol. 26, 1979
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Physical TTheory

= [ Xtra path length

= Straight-line LOS path transmitter te receiver vs.
curved path over surface between ground points

m | ess ASF accumulation

= | OS path Is preopagation; through atmosphere Vvs.
over (less-conductive) ground

" TWO cases
= Over-the-horizon
= Close 1o a tower
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= [Distance te airship hoerizen point IS a function
of altitude

D,os =+/(h+r ) —r*, r =earth radius

®

D
Doce =T -arctan(LOS
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No ASFE on Direct Path

" D 55 has no ASE while D +... dOE€s....

= ASF predictions calculated using BALOR

= Calculate ASE value to herizen point (functien of
altitude)

= Calculate LOS path distance (prepagation
time)
= Total predicted ASE = ASE, ¢ + (ID; 5. D

surface)

= [Done for feur different mitial starting poInts




Nantucket & Seneca fromACY
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ASFE difference on patihs

Nantucket delta ASF vs Alt
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Seneca delta ASF vs Alt
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Nantucket total ASF vs Lat
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Senecatotal ASF vs Lat
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@\What about w/in LOS of Tower?

= At Horizon point:

“—r’, r =earthradius

= g =0 to Henzoen Peint (maximum)
= OS patn s functlon of both hr and d

APath=D, —
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Altitude Test

" Procedure

= collect data at static
points

Average over 30min period
500 ft Increments

E and H-field
measurements

Ground reference: for
temporal corrections

= Analysis
= Average ASE calculated for each altitude
= [Difference between airship and ground reference

= \Weather data will alse be collecied
= Compare to theoretical predictions




AIrship
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Airship: Test Results

= Eguipment problems
= Reevaluated at FAATC
= Testing planned (then postponed due to wx)
= New date??2?7?
= January in Cleanvater...




Conclusions / Euture

= Predictions align with: measured data

= Ajrship testing to make more accurate
measurements

= PDepending upon ASE variation at an airport
and the Station geometry, adding an altitude
colrection may. lead to the use of multiple
sets ofi static ASES for an airport

" Predictions can be used to bound this
problem
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