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l. INTRODUCTION

A closed circuit flight test was conducted on June 18 and 19, 1979 in the Boston
area using VORs and NDBs as reference points. The Loran-C data collected during the
flight was then compared against a reference provided by the Discrete Address Beacon
System (DABS) faciiity at Lincoln Laboratories. This flight was a cooperative venture
with the Massachusetts Institute of Technology . The MIT crew used a commercial receiver
and recorded Loran~C time differences which would also be compared with the data provided
by the DABS facility and eventually with the data collected by Ohio University.

The Ohio University low-cost receiver [11 [2] was used for this test which was
conducted in the Ohio University DC-3 flying laboratory . The Loran-C time-difference
data was recorded with a microcomputer data collection system and stored on magnetic
tape for subsequent analysis. The MIT receiver was also on board the DC-3, and recorded
its data on a cassette tape which was later used by the MIT crew for data analysis.

This paper presents information on the equipment configuration in the aircraft, the
flight procedure and the results obtained from the data collected with Ohio University's

receiver and recording system.

i. DISCUSSION

The flight test was planned for Jjune 18 and 19, 1979 in the Boston area. Ohio
University's DC-3 Flying Laboratory N7AP was used for this test. The flight was conducted
using Victor airways and VOR navigation during the flight from Athens to Boston. Figure 1
shows a flight plan used by the crew responsible for the data collection and shows the
VORs along the route, their latitude and longitude and the expected time differences over
these VORs. This was used by the crew to insure that the data collection system was tracking
correctly, and also was used as a reference for entering event marks on the data tape.

The actual flight test was conducted by flying a closed circuit in the Boston area
with the data collection system in operation. An absolute reference was provided by the
D ABS radar facility ot the Lincoln Laboratories. The data collected for this test then
consisted of a tape containing the time differences recorded by the data collection system
and a tape recorded by the DABS computer containing range and azimuth information
relative to the DABS facility. The flight path was chosen to include several land references
which would be noted on the data tape for later analysis; the flight path is shown in Figure 2.

The ADF sense antenna on the DC-3 was us2d in the Loran-C experiment along with
a special preamplifier developed by Burhans. [3]  This preamplifier contains filters to help
minimize interference from broadcast band and other signals at frequencies above Loran-C.
This preamplifier also contains outputs to drive several receivers and was used for both Ohio
University's receiver and MIT's receiver. A block diagram of the data collection system as

installed on the DC-3 is shown in Figure 3.
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Figure 2a. Part of Aviation Sectional Showing
the DABS Test Flight Path.
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The U. S. East Coast Loran-C chain, 99600, was used in this flight test with
Seneca, N.Y. as the master and Caribou, Maine (W) as the first secondary and
Nantucket (X) as the second secondary station.

. POST-FLIGHT PROCESSING AND RESULTS

All data recorded by the microcomputer consisted of GRI index numbers and the
time differences for the two station pairs. The GRI index is initialized to zero at the
start of the flight test and is incremented by one each time a Loron=C group repetition
pulse is received, or equivalently, the *ndex is incremented upon receiving the master
pulses. By this method, each data point may be noted as being received at some time
after the data recording operation began. All the TDs recorded are raw data, i.e.,
no averaging or smoothing was applied by the micro-program. In subsequent post-
processing done on the main computing facility, no filtering was done; all plots shown
in this paper are the raw data received and show rather good stability. Since the reccrded
data is in time-difference format, post-processing included the conversion of the TDs to
latitude/longitude and also rho/theta (range—azimuth) relative to the DABS facility. Post-
processing was conducted on the Ohio University 1BM System/370 computer using procedures
described in a previous report. [4]

The Loran-C flight test data was recorded on magnetic tape using the Kennedy 1600
digital recorder. The data was separated into three separate files: the flight to Boston,
the flight test with the DABS facility, and the return flight to Athens. The unformatted
data from the microcomputer was first converted to a more convenient format and stored
on a second tape volume; following this, the data was scanned for bad data points and
converted to lat/long and rho/theta which was stored on a disk volume for plotting.

For the discussion on the plotted results to foilow, it should be noted that the
scale for each plot is the same. The tick mark nearest the point marked "BED" is the
location of the D ABS radar facility and represents the origin. Each tick mark to the left
of the origin is five nautical miles in the west direction; each tick mark above the origin
is five nautical miles in the north direction. The rho/theta information obtained from the
data reduction job is plotted on this scale with each point being the distance in nautical
miles and bearing in degrees from the DABS facility. The data obtained from the D ABS
tape was already in rho/theta format; no post-flight filtering was applied to the DABS data.

Figure 4 is a plot of the DABS data for the first test pass on the 18th. This shows
the flight path starting at the airport and continuing out in a counter-clockwise direction,
then circling and landing at the airport. Some jitter in the data can be noted at the farthest

distance (near Keene) and can be attributed to the few hits made by the radar at this far range.

Figure 5 is a plot of the raw data collected by the microcomputer. Here it may be noted
that the plot follows nearly the D ABS track but seems to exhibit a bias of approximately one
nautical mile. This will be explained later. Much of this flight path was done in a thunder-
storm and the receiver lost lock temporarily due to lightning static as evidenced by the
broken plot near the Fitchburg NDB. The data shows good consistency even though the
receiver was operating in an unusually high noisy environment. This first flight pass wa

-6~

—a .




"81 dunf uo 4s3) yby|4 404 Jo|d piDg SQYQ *4 eunbiy

W'NO .<<. EZO— <<Zm_. TWINOZ "WNSZ CWNOE “W'NSE "W NGF °‘W'NGS

(L¥Od¥IV) M_,mmz m” @/) + + + + + +
(n\/
WN S -

(gany 114
, )

WaNy +l
AOH

SRR h

4
3

"WN 0Z (LYOUIV) EE@J \@E
(8GN) HWV f _ ]

Iv..l\l\,l\u\.

WM 62 + LHw



"8 dunf uo ysaf 4ybijy a0y 10|d pioQ Jsindwosoidyy ‘¢ 2inb)

WINOS 4 st
'1d0dulv) <3l

WONOL CTWIN G TWINOL CWINSZ CwWoH GE TWINGE CWINOGY  CWINSY

o+ + -+ + 4+ f

fgaNe
XOH

NS Nf .rfr}?
S %

ﬁ) (dOA) N33 | _ _
{1¥0dIv) Auddvr L&

(3on
"WN Sz - LW e




TR e TR JETTTT T AT e T T T T T T TR R A T e e A AT et g Dadll g b o ,wmﬂwwlq-q
74

designed mainly to serve as a preliminary trial to insure that all systems would work
correctly for the next day's tests.

The tests made on the next day (June 19) were in good weather conditions allowing
the VORs and NDBs used as events marks to be spotted visually in most instances., A
power supply problem developed curing the flight test and caused the data collection ‘
system to fail several times, after which it was then necessary to reload the control program, ‘
This also caused the data collection tape to have several blank gaps in it which subsequently
caused a great deal of trouble in recovering the data during the data reduction process.
As a result, all of one flight circuit was lost and half of another was lost. However, enough
data was recovered for useful analysis,

| Figure 6 is a plot of the D ABS data for the second pass on the second day (June 19),
Again, some jitter is evident at the farthest point due to the conditions discussed earlier.
Some other small glitches can be seen in these DABS plots which are due mainly to changes
entered in the DABS computer for tape changes, and ATC transponder code changes. Figure 7
is the corresponding plot of the data collected by the microcomputer for the second pass.
Much of the data is missing because of the power problem already mentioned. As with the
previous microcomputer plot, this is raw data and the data is fairly stable, although the
southward bias is evident.

The last pass made on the second day was made in the reverse direction, i.e., in
a clockwise direction. Figure 8 is a plot of the DABS data for this pass, and the micrc-
computer data is shown in Figure 9. The microcomputer data is quite stable as can be seen
in this plot.

In all the microcomputer plots shown up to this point, the data appears to have a
fixed bias to the south. After analysis of the plots and printed listings, it was found that
the microcomputer plots could be made to correspond more exactly to the DABS plots by
adding 18 microseconds to the second TD number (Nantucket). Upon further checking, it
{ was noted that the Nantucket secondary Loran-C station is approximately 100 miles from
the Boston area and provides a very strong signal, particularly while in the air. It was
then decided that such a strong signal was overloading the envelope processor in the front-end
of the test-flight receiver. A study has been made into the effect of various signal and
noise levels on the receiver and has been reported by McCall. [5]  Further studies on
envelope processing and front-end processing is ongoing.

-~

Figures 10, 11, and 12 show the microcomputer data plotted with the 18 microsecond
offset added for the first pass on June 18, the second pass on June 19, and the last pass on
June 19, respectively. It can be seen that the microcomputer data follows the flight path
to a much greater extent. Simultaneous plots of the DABS data with the microcomputer data
for the three flight test passes are shown in Figures 13, 14, and 15. |t should be noted that
i some of the DABS data is missing in these plots near the Keene VOR because of the far
distance from the radar involved and also because the aircraft flew below the minimum
altitude the radar requires for good accuracy at this distance.

e
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v. SUMMARY

The opportunity to conduct a flight test with an absolute reference was valuable
in that it allowed a more detailed analysis of the performance of the Loran-C receiver.
Although a definite bias was found in the data, the stability and repeatability of the
receiver was very good. The results of this test will be on aid to further development of
front-end processors for low=cost Loran~C receivers,

Several factors for future work came out of this flight test. These include:
continued work on optimum antenna/preamplifier designs for use in conjunction with
various receiving setups to minimize noise and overloading problems, evaluation of
reliable power sources for the data collection equipment to eliminate power supply
noise, and lov voltage and voltage drop-out problems, and continued work on implementing
coordinate conversion techniques for use on the microcomputer.
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