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EXECUTIVE SUMMARY

[‘,
This report describes results of tests conducted by the,Federal Aviation

JAdministration (FAA»Technical Center to evaluate the Loran Offshore Flight

Following-(LOFF%Lsystem. Simulation and flight test were used to measure svstern
performance under operational conditions.

The LOFF system is the first implementation of Automatic Dependent Surveillance
(ADS) by the FAA to track aircraft.,; The svstem uses aircraft derived position as
determined by Loran, transmitted by very high frequency {VHF) data 1ink for use
by air traffic controllers. A converter unit- has been installed in the Houston
Air Route Traffic Control Center (ARTCC) to process incoming LOFF messages and
convert them into a radar data format, éihé.results.of this conversion are input
to the Enhanced Direct Access Radar Channel (EDARC), which presents the aircraft
as a conventional radar target., The system provides coverage in areas not
currently served by radar, offshore in the Gulf of Mexico.

Simulated inputs were used during testing to determine accuracy of the LOFF
converter, to measure timing delays, and to relate aircraft position iu latitude
longitude to a displaved position as seen by the controller. Flight tests were
conducted to determine VHF coverage using the system, to measure [Loran accuracy
in the area, to compare dynamic performance with nondynamic performance of ti»
EDARC system, and to provide an overall evaluation of the operational systen.

Data reduction and analysis are described in the report, as well as an
operational evaluation and identification of issues which must be addressed

before full implementation of the system can take place.

Results showed that performance of the system differed from radar. Hoawever,
these differences were fairlv small and will not impact service 1n the orff=hore
area where radar 1is not available. The LOFF svstem provides a hbenetit by
tracking aircraft in an area where this service would otherwise be unavailable,
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INTRODUCTION

This report describes a test conducted by the Federal Aviation Administration
(FAA) Technical Center to evaluate the Loran Offshore Flight Following (LOFF)
system and LOFF equipment currently installed in the Houston Air Route Traffic
Control Center (ARTCC). The testing involved simulation of LOFF inputs and
flight testing to quantify system performance under operational conditions.

The LOFF system is the first implementation of Automatic Dependent Surveillance
(ADS) used by the FAA to track aircraft. Systems of this type use aircraft-
derived position, transmitted over a data link, for display to an air traffic
controller. Further development of systems of this type will provide air
traffic control (ATC) automation and potentially reduce separation requirements
in areas not currently served by radar.

The implementation of LOFF was undertaken by the FAA in order to serve the needs
of offshore helicopter operators in the Gulf of Mexico. A large number of
aircraft operate at low altitudes over the gulf, outside of radar coverage.
Current Instrument Flight Rules (IFR) require manual (procedural) separation of
aircraft based on very large separation criteria. Procedures require that blocks
of airspace be reserved in which only one aircraft at a time is permitted,.
Traffic density in IFR conditions is, therefore, very low due to these large
separation requirements,

LOFF uses a Loran navigational receiver to provide a position output which is
transmitted over a very high frequency (VHF) data link using aircraft radios and
existing remote communications facilities. A converter unit has been installed
in the Houston ARTCC which converts the incoming LOFF message to radar message
format. This message is then input to the Enhanced Direct Access Radar Channel
(EDARC) where targets are tracked and prepared for display to controllers.

The primary purpose of the testing described in this report was to quantify the
conversion accuracy of the LOFF equipment in the Houston ARTCC. Secondary
objectives included gathering of operational data for use by Air Traffic
organizations in developing separation standards and procedures for use of LOFF
for ATC purposes.

Specific objectives were:

1. To measure conversion accuracy of the installed equipment relative to
existing specifications for radar accuracy performance.

2. To determine the registration of latitude/longitude (lat/long) coordinates to
system Xx-y coordinates as computed by EDARC.

3. To determine coverage limits of the system using existing FAA communications
facilities offshore over the Gulf of Mexico,

4, To determine the relative performance of the LOFF system as compared to
existing radar serving the areas in which coverage of the two systems overlap.

5. To measure accuracy of the Loran receivers currently approved for en route
IFR use as Yequired for the LOFF system.
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6. To conduct an operational evaluation of the system in order to determine its )
. suitability for use as an ATC tool. ; ]
!

BACKGROUND ’

A
|f
. . . . A o
LOFF is a concept developed primarily for use by offshore helicopter operators !
in the Gulf of Mexico. It is used for aircraft scheduling and position : ];
reporting. The FAA became interested in the system because of its potential to A
provide a cost-effective means of aircraft surveillance in areas not currentlv -
served by radar. The Houston ARTCC,which handles a large amount of helicopter . ﬁﬂ

P IL

traffic offshore, has a strong requirement for a system of this type.

Loran-C is a navigation system which uses low frequency transmission of timed,

coded pulses to provide highly accurate position determination, Because Loran 2]
is not a line-of-site system, but is available over a large geographical area at ®
all altitudes, it has become a very popular navigation system among helicopter 3&1
operators. Helicopters are often required to operate in remote areas not served ,h*
by conventional NAVAIDS. Loran is used in both the Visual Flight Rules (VFR: and Y
IFR environments to provide en route navigation effectively and affordably, i:f
o
: Pyat
The LOFF system as currently implemented utilizes existing offshore VHF :
communications facilities operated by the FAA for the transmission of LOFF data. fﬁ‘
Users must be equipped with an approved Loran receiver and an interface unit Ry
which converts position information into a LOFF message for transmission. The 2 4
message is input to a standard aircraft VHF radio using voice frequencies e
assigned to the Houston ARTCC. A converter unit has been installed in the ﬁt
Houston Center which converts the LOFF data message into the same format as a
conventional radar message. This message is sent to the EDARC, which processes 11
it for display. A block diagram of the system is shown in figure 1, ’?5
$.
Two types of Loran receivers are approved for en route use in the Gulf uf Mexico. !
The TDL-711 receiver was first manufactured by Teledyne, Incorporated, in the gﬁ:
mid-1970's, t is a single chain receiver which includes three Loran stations Y
in its navigational solution. The ONI-7000, available rrom Offshore Navigation. "y
Incorporated (also sold as the ANI-7000, from Advanced Navigation, Incorporated! r:
can track as many as eight stations from up to four Loran chains simultaneouslv. ng
This allows it to overcome some of the deficiencies of single-chain receivers, H“:
This receiver is not as susceptible to baseline extension errors and is usable ;2.
throughout a larger service area because of its use of multiple chains. ‘
M
The LOFF message consists of aircraft position data in lat/long aircraft altitude {}F
as input by the pilot or encoding altimeter, LOFF code (similar to radar beacon : O
code), and update rate code. The format of the message is shown in table 1. :‘
Message data are encoded using the American Standard Code for Information h ¢
Interchange (ASCII), transmitted at 1200 baud. -
The LOFF concept has been developed and is in use by several operators to satisfv ! k¢'
their own requirements. Commercially available hardware is available for both *
the aircraft installation and ground based displav. Also, a large number of Q‘
operators exist in the gulf who are currently equipped with Loran-C receivers. f:;
x]
!
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TABLE 1.
Character
Number
1

2-4

*Status Word

Bit
Number

0

LOFF DATA MESSAGE

Data Description

Begin Message Character (>)
Helicopter Identifier (ID) Code
Repetition Rate

Status Word*

Loran C Derived Latitude

Loran C Derived Longitude
Reported Altitude

End Message Character (})

Bit Value Description

Both bits are (0) for normal transmission.

or (1) for manual/emergency mode
(0) for TD mode, (1) for lat/long mode

Master

.
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Secondary A
Secondary B

Reported
Altitude

(ODD) Parity bit

!.I [ V‘ s

(0) for Float
(1) for Track

(0) for Manual Entry
(1) for Encoding Altimeter

d™ SWAMAS

A BN

x 2
2o

3 Y1y
NN

"
T "

-
"I‘I‘\f"fll A

oA T VR AR SR T R A A



RN TN N M N MU VL WO WO SRR N PO ¥ 4 e 00:5% $'a'ed
v

N\'N' ~I ‘\ 4- ‘-' ..l ~"-

Many of these also have LOFF equipment in their aircraft. The only new equipment
required to complete the system was a converter unit in the ARTCC which would be
compatible with existing ATC display equipment. The FAA contracted Infotec
Development Corporation to design and build a converter unit which would accept
the LOFF message from existing communications channels, convert the Loran
position data to a radar format, and provide the converted data for input to
existing radar channels.

EDARC.

The EDARC is a system developed as a backup to the National Airspace System (NAS:
primary ATC computer system. It consists of processors and software which

provide aircraft tracking, flight plan storage, and target display information

for use in the event of a failure of the primary system.

The EDARC display appears very similar to that of the primary system, although
its capabilities are much more limited. The radar input conversion and target
tracking capabilities are also very similar to the primary system. EDARC was
selected for use with the LOFF system because of its availability for testing and
operations which coincided with the implementation of the NAS computer
replacement program.

The system accepts inputs from NAS radar equipment and converts them into x-v
coordinates in the geometric system plane., This plane is arbitrarily defined to
be tangent to the earth at a fixed point. Distances from the tangent point are
calculated from stereographic projections of aircraft position and displayed to
controllers., The x coordinate corresponds to local east at the tangent point,
and the y-coordinate corresponds to local north,

EDARC tracks each aircraft using a pair of alpha-beta trackers. Independent
trackers run in the X and y coordinates of the system plane.

LOFF SECTOR.

The LOFF sector is shown in figure 2. The area extends roughly from 27°30' to
29° of latitude and 90° to 96° of longitude. The sector extends vertically from
the surface to 5000 feet mean sea level (m.s.l). The shaded portion near
Houston is an exclusion area in which the TDL-711 Loran receiver is not
certified. Coverage is provided throughout the sector from the Southest U.S.
Loran chain.

There are four sites which receive LOFF transmissions and send them to the
Houston Center. These are at Galveston, T2xas (GLSA). Intracoastal City,
Louisiana (QIC), and on offshore o0il rigs in the High Island (QHI) and
Vermillion (QVM) areas of the gulf.

DATA COLLECTION

Data collection was conducted in two parts: simulation and flight test.
Simulation was used, where possible, in order to fully test the system in the
most economical manner. The LOFF system, in particular, lends itself to this
type of testing because there are a finite number of possible inputs to the
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system, Flights were conducted to determine the limits of coverage of the
existing communications facilities using LOFF equipment, to verifv sinulation
results, to measure Loran accuracy, and to determine relative performance in
radar-LOFF overlap areas.

SIMULATION,

The LOFF message is fairly easy to simulate with a low rate serial data line
driven by computer. This procedure allows extensive testing in a reasondble
time, as well as providing a means of isolating the converter from all othe;
components of the system.

The test procedure was described in Technical Note DOT/FAA/CT-TN86/17 published
in June 1986. The test was modified slightly during EDARC testing due to the
difficulties associated with equipment scheduling in the operational envirorrment
of the Houston Center. The original test procedure was intended to collect data
to determine the statistically significant variations in performance throughout
the LOFF sector. However, the lack of data reduction software for EDARC

recordings did not permit this analysis to be carried out during data collection.

Data were collected at much closer spacing than the anticipated requiresent imn
order to compensate for this problem,

The simulation test configuration is shown in figure 3, A Flite-Tyak w00
processor was used to simulate the LOFF input data stream., This is 4
commerciallv available unit designed to accept and process LOFF wnessages which
has been specially modified to generate LOFF messages. The Flite-Trak 600 also
has the capability to record input data on magnetic disk. The unit is
manufactured by Offshore Navigation, Inc. (ONI). 1In addition. a dynanic
simulator designed for in-house use by ONI was also leased for the simulation
tests. This unit has the capability to generate up to 30 simultaneous LLFF
messages at an update interval of 15 seconds, and move targets at useiy setoctoed
rates, headings, and altitudes.

The Flite-Trak 600 was used to generate a grid of 50 targets spaced at a 1+ ubag
interval. A group of 50 messages corresponding to these targets was repeat |
every 15 seconds. This allowed repetitive inputs for use in exarining the
conversion accuracy of EDARC without dynamic tracker effects, and to verify that
the Infotec converter maintained a detc.ministic output. This configuration was
used primarily to determine EDARC grid spacing in system coordinates fo) a
particular lat/long spacing of inputs,

Infotec conversion accuracy data were collected throughout the LOFF sectlor,
extending from 26° to 29° north latitude and from 90° to 96° west longitude.
EDARC data were collected throughout a part of the sector extending from 27°30'
to 29° in latitude and 90° to 96° in longitude. Site adaptatiaon of the entire
LOFF sector had not yet been accomplished at the time of simulation testing.
precluding the collection of data throughout the sector. However, hecause EDARC
is a certified system which has already undergone its own testing. it was
determined that the amount of data collected was sufficient for purposes of the
LOFF tests.
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FLIGHT TEST.

Flight tests were conducted over the Gulf of Mexico using a Convair 580 aircraft
equipped with several navigational receivers, a LOFF interface, and data
collection equipment. The aircraft was flown in the area approved for LOFF
operations in a normal LOFF operational environment. The flight test routes are
shown in figures 4 through 3.

The flight pattern selected to determine VHF data link coverage was to flv from
one of the LOFF receiver sites directly to another. The procedure was simply to
mark the points at which data were received at the ARTCC, based upon a
controller's observation of the target on his Plan View Display (PVD), Flights
were conducted at several altitudes to determine coverage at each. Because VHF
radio is a line-of-site system, the available range depends primarily on altitude
rather than signal output power, especially at the lower altitudes used in the
offshore environment. Each VHF facility was overflown at each altitude in order
to determine its performance. Flight profiles were constructed in a manner which
covered the entire sector and also verified omnidirectional coverage of each
facility, Orbits around stations were flown as required.

Several flights were conducted in areas of LOFF and radar coverage overlap.
Probes were flown to radar sites at Alexandria and New Orleans, lLouisiana., tn
determine whether their coverage extended into the LOFF sector. No siguificant
overlap (greater than 2 miles) was detected. Where overlaps did exist partial
orbits and radial routes were flown from each of the radar transmitters to

. determine relative performance between LOFF and radar.

A single high altitude probe was flown at flight level 200 to determine high
altitude coverage of the system. The route selected was directly south of the
QHI site. This is a route which would be used by internationally arriving
flights which are currently handled manually due to the lack of radar coverage in
the area.

Loran accuracy data were collected during the entire flight test. Lorau accuracs
was measured using the highly accurate Global Positioning Svstem (GPSt as a
position reference. Data were collected once per second from both types of Loran
receivers, and at a nominal 1.2 second rate for GPS. Comparison of Loran to GPS
provides an accuracy measure on the order of 30 meters in the horizontal plane,

DATA REDUCTION AND ANALYSIS

Data reduction was performed on a VAX 11/750 computer. All recorded data were
transferred to the VAX, including tape recordings generated bv EDARC and the
airborne data collection equipment. Data processing is described below.

INFOTEC CONVERTER ACCURACY.

The Infotec converter has the capability to record a log data message which
contains all the input and output information used in the conversion process.
The input LOFF message is recoraed, along with the results of the conversion iu
range and azimuth, and time of message input and message output. The log files
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were used to determine accuracy of the algorithm implementation., No attempt was
made to verify the algorithm itself as this had been accomplished previously.

The conversion algorithm as described in the Converter Unit Technical Description
was implemented on the VAX, and LOFF messages from the log files were processed
through it. These results were compared to the actual output message as recorded
in the log file. A mean and standard deviation were computed for comparison to
the radar accuracy standard of 1/8 nmi in range and 2 azimuth change pulses
(ACP's), An ACP is equal to 0.088°,

EDARC CONVERSION ACCURACY.

EDARC records data as they are posted to the controller's display. The data
fields of interest are time, beacon code, and system X-y coordinates of the
tracked target. Static targets were used to eliminate the effects of the
tracking function. Samples were placed in bins according to beacon codes which
correspond to particular lat/long positions. These bins were used to deter e
the mean and standard deviations of system X-y outputs for given lat/long tuputs,
Analysis of the data, however, showed that they were highly repeatable,
indicating that the mean plus standard deviation analysis did not provics < < ley,
indication of svstem performance.

The method erploved to identify the svstem coordinaftes corresponding o 1ap!
lat long was to determine the system output which occurred with wust Tiequenos
for a given input. Statistically, this is known as the mode of a variable. [t
has more meaning, in this case, than the statistically expected value (mean)
because of the discrete nature of the conversion output. Svstem coovdinates e
not continuous but have discrete values at 1/16 nmi resolution. The statistical
mode of the output was determined for each lat/long input,

It should be pointed out that the accuracy of a given coordinate conversiou i
only be determined with respect to a given transformation. That i<, the
conversion process maps points from one coordinate system into corvesponding
points in another system., Since system x-y conrdinates have no phvsical bhasis,
it 1s difficult to place an accuracy figure on the conversion process,  What hae
been done here is to show the relationship between the coordindate systens
(lat/long and system x-y}), and to show how a given distance in one systen is
transformed into a distance in the other.

EDARC DYNAMIC ACCURACY.

EDARC dynamic accuracy was measured by comparing results from static simulatiou
to results from the flight test. The array of system x-y coordinates
corresponding to lat/long inputs were used to estimate static conversion
coordinates for each reported aircraft position.

The first step was to merge airborne data and EDARC data together. This was done
by matching the time of each EDARC record to the closest airborne tine, which was
within 1 second. The Loran position, as recorded in the airplane, was used as an
index to the tables of static simulation data described above. This provides a
measure of the actual aircraft position compared to the position displaved to the
controller. It is a true end-to-end check of system performance,
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The coordinates were estimated by interpolating between the four closest points
in both x and y. For each coordinate the actual values were estimated
indépendently, To estimate the system y coordinate, for example, the two columns
were interpolated over y (which corresponds to lat) to produce an intermediate
value for each., These values were then interpolated over X to produce the final
value. The final interpolated position was compared to the position of the
aircraft as determined by the EDARC tracker. The results indicate the influence
of aircraft dynamics, primarily as a result of tracker effects.,

COMPARATIVE PERFORMANCE IN OVERLAP AREAS.

Comparison of radar and LOFF targets was accomplished in the areas of concton
coverage of the two. Tracked position, as determined by EDARC, of both types of
targets were compared on a point-by-point basis for all available data poiuts,
Results were expressed as a mean and standard deviation.

The results of this analysis contain some effects of the tracker function, and
represent the actual differences in performance of the two systems as displaved
to the controller.

LORAN ACCURACY.

Loran accuracies were deteymined with respect to a GPS position referrnce.  Fo
each point, the error term 1s the difference hetween Loran and GPS reported
position, A position solution was obtained at l1-second rates frow both Loian
and GPS. For GPS, this required interpolation over the 1.2 second GPS update
interval to estimate GPS position at the time of each Loran sample. Differences
were summed for each flight to allow a mean and standard deviation to be
computed.

VHF DATA LINK COVERAGE.

Coverage of the data link was determined by observing the loss or start of
ressage reception as the aircraft flew into and out of covevage. The point it
which this occurred was determined by controller observation of the point at
which the first missed trans:ission occurred on an cutbound leg, or the point at
which the controller would determine radar contact "in a radar environment ' oun an
inbound leg. This is a subjective measure but is estimated to be within ] uile
of the actual coverage due to the fact that the contrvoller was handling 4 =iugle
aircraft and could provide special handling, particularly with respect to
determinalion of the limits of LOFF coverage., During flight testing + 7 1 .o F
the EDARC data recording system occurred. The failure could ot be recouegrd
during the flight test but did not affect EDARC conversion, tracking, o displ
processes, Because of this failure, only the subjective appraisal bv the
controller was available to determine data link coverage.

TIME DELAYS.

Delays in the converter were determined from the log files. The converter tirve
stamps input data and output data, posting both times to the log rile, The
differences were ccmputed for each sample and reduced to a4 mean and standard
deviation for all samples.
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RESULTS

INFOTEC CONVERTER ACCURACY.

Results of the analvsis of the Infotec converter performance durilng si.ulation,
as compared to the specified algorithms, are presented 1in table 2, The secto
was divided into smaller areas for testing purposes. The mean and standard
deviation are presented for these various areas throughout the LOFF sectar 'and
for the entire sector) at three altitudes.

Overall accuracy of the conversion as compared to the algorithm varies with
altitude. At 1000 feet, where most of the data were collected, the accuracv 13
0.29 nmi in range and 0.46 ACP's in azimuth throughout the entire sector. This
does not meet the radar accuracy specification of 1/8 (0.125) nml 1in range. but
does meet the requirement of 2 ACP's (0.176°) in azimuth.

Differences between ranges and azimuths as computed by the VAX and the [nfotec
converter show a spatial variation as observed in the table. It can be <ees that
data computed for points further from the pseudo radar site tend to agcee Jens
than those closer to the site, with the exception of points within 30 zales of
the site, The result 1s that conversion accuracy has the unintended
characteristic of being dependent upon range from the site, ‘'ust as an actuni
radar does.

The reason for the discrepancy has not vet been determined. As mentioned
previously, every attempt was made in processing the data to adhere to the
algorithm as published in the converter specification. Double precision
arithmetic was used initially, but after the discrepancies were noticed the
algorithm was recoded using single precision arithmetic with no difterence 1n
results.

EDARC CONVERSION ACCURACY.

The areas covered by simulated test points are shown for three altitudes 1in
figures 10 through 12. The plots show the data points as recorded bv the EDARC
svstem when simulated targets were input at regular bh-mlnute spacings, Resuits
showing the correspondence of lat/long inputs to EDARC-determined svsater X-v age
presented in tables 3 through 5. Each table shows the svstem x-v outputs o5 A
grid of lat/long. spaced at a 6-minute interval. for an area of the LOFF secto,
at a particular altitude. System x~v coordinates correspond to nautical alies 1n
the table. The actual distance on the surface of the Earth for a b-minute
increment in lat is 6 nmi. For long, the actual distance follows the 1elation:

Distance (nmi) = Distance (degrees) x cosine (lat' x »0,.

For a 6-minute increment in long in this area the actual distance 1s
approximately 5.3 nmi.

Data were placed into groups, called data bins, at three altitudes: 100, 1000.
and 4900 feet. Aggregate results are shown in table h. The mean values
represent the spacing in svstem coordinates for a b-minute spacing each in 1!
and long. The first two columns show variation in svstem x and v with lat held
constant. These numbers reflect changes in x and y moving horizontallv through
the data of tables J through 5. In a similar manner the last two colunns
tconstant long) reflect changes moving verticallv through the tablex,
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TABLE 2., INFOTEC CONVERTER ACCURACY
Area Range (nmti! Azinuth TACP's:»
Longitude Std Std
Deg Min - Deg Min Mean Dev Mean Dev Sanples

Altitude = 100 feet, 2 minute spacing

96° 0' - 95° 0! 0.35 0.09 0.80 0.6l 2670
952 Q' - 94~ Q' 0.37 0.09 0.97 0.90 2701
942 0' - 93 Q' 0.36 0.11 1.28 2.08 2670
93= 0' - 92= ¢' 0.20 0.26 -0,82 15.01 2671
922 0' - 91° 0' -0.06 0.23 -3.21 1.98 2670
31 Q' - 90° 0' -0.16 0,16 -2.04 0.62 2670
Entire Sector 0.18 0.27 -0.50 .47 11052
Altitude = 1000 feet, 0.5 minute spacing

95°30' - 95°15"' 0.35 0.11 0.68 0.77 11947
95°15' - 95° 0' 0.37 0.19 0.87 1.07 10742
95° Q' - 94245 0.37 0.09 0.92 0.76 10741
94°45"' - 94°30" 0.37 0.09 0.97 0.83 10719
94°30' - 94°15' 0.37 0.10 0.99 0.99 10893
33215 - 394= 0 0.37 0,14 1.07 1.18 10740
942 0' - 93”45 0.39 0,16 0.92 1.35 EERR]
93245 - 93°30" 0.3 0.17 1.19 1.39 10723
93°30' - 93°15" 0.35 0.12 1.71 2014 5170
93°15' - 93= Q' 0.33 0.l4 1,93 2.59 5477
93° 0' - 92°=45" 0.31 0.17 2.17 4,20 3035
92°45' - 92=30' 0.26 0.22 2.55 7.24 8970
92°30' - 92°15' 0.13 0.28 -0.87 25.48 5932
92°15' - 92° 0! 0.00 0.29 -4,85 n,31 5970
92° 0' - 91°45" -0.06 0,2 -4.19 3.0l %470
31°45' - 91°30' -0.04 0.19 -2.97 2,13 470
31230 - 91°15" -0.13 06.20 -3.17 1.22 3970
91°15 - 91° 0' -0.16 0.18 -2,76 0.30 5473
Entire Sector 0.29 0.22 0.46 7.18 [4559n
Altitude = 4900 feet, 2 minute spacing

962 Q' - 95° 0' 0.35 0.10 0.79 0.61 2050
95° 0' - 94° 0 0.37 0.05 0.99 0.91 2670
94 Q' - 93 0" 0.36 0.11 .26 2.06 70
93 0' - 92=° 0' 0.20 0.25 -0.61 14.74 2n70
92e 0' - 9i= Q' -0.0n 0.23 -3.23 1.95 2n70
912 0' - 30° 0' -0.ln 0.1n -2.03 0.n2 2h70
Entiyre Sector 0.1 0,27 -0.47 h,37 in030
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AT 100 FEET ALTITUDE (CONTINUED)

EDARC X-Y POSITION IN MILES

TABLE 3.

Ao
- |oo
o185
53
mioco
[ap]
~ oo
—~ 1S3
SS
. *
- oo
o
0 | 9O
—~ 133
SS
1 .
» oo
o
T oo
N SS
&3
"o
P
o190
ERR=1=
SS
* *
™[00
(=2}
© 100
- 153
S5
= loo
(=]
N oo
< |58
33
L] .
" oo
(=]
© oo
TS
S
= oo
Py
< oo
wISS
=3=]
- (oo
[=2]
< foo
o |68
e9
oo
-
S
o
P
o~

- 2
[=l= K=T=]
QO 100
QO | OO

. o LI )
OO |00
o IO
[e]=R =T
OO |00

L LI
[l T
[o]=N Rl
OO ICQ
00. [=X]

. . .
QO oo
OO 100
o0 100
QO |00

. o . o
QO OO
o9 190
o0 |90
QO 100

o o e o
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J61.688 361.688 361.625 36
619.688 625.000 630.250 63

61.625
14.375

361
614

25
63

361.625 361.6

361.500
88.063 593.250 598.438 603.875 609.0

61.500 361.563

[aal¥s)

5
5
349.813

5
9
349,688 1349.625 349.563 349.750 3149.683
88.125 593,313 598.563 603.938 609.188 614.438 619.813 625.063

3
5
49.688 349.625

3
5
3
5

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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0.000
0.000
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-

0.000
0.000
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0.000
0.000
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0.000
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0.000
0.000
0.000
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0.000
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0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
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0.000
0.000
0.000
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0.000
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0.000
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0.000
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0.000
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TABLE 3. EDARC X-Y POSITION IN MILES ‘&}
AT 100 FEET ALTITUDE (CONTINUED) -‘
193 0': 92 Slo'; 92 48': 92 42') 92 36'5 92 30'5 92 24'; 92 18": 92 12": 92 o' :".:
) ' ' ' ' 1 ' ' ' v §
29 0", 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 .:uf
) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ‘:;
. S
28 54", 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 'lg'.
; 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 At
28 48! 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.009 v
‘ 0.0600 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 : ".:;
2 a2t 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 '::'
; 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ‘,;
28 36"} 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 |'!
; 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
28 30'! 3J67.813 367.750 367.875 368.000 368.000 168.063 368.125 368.250 368.375 368.375 ,'v:",
; 640.750 646.063 651,438 656.563 661.875 667.188 672.313 677.688 682.938 688.125 .:‘:«
+ &
28 24'! 361.875 361.875 162.000 361.938 1362.063 362.125 362.313 362.313 362.438 362.500 !":
: 640.875 646.063 651,438 656.750 662.000 667.250 672.500 677.688 683.063 688.375 o
