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I INTRODUCTION

The Avionics Engineering Center has been conducting research in developing o
low=cost Loran=C receiver for general aviation use. During this time there have been
several improvements made to the initial low=cost receiver design produced at Ohio
University. The most recent !mﬁovement involves the use of a phase-locked loop oscilla=
tor to track the Loran=C signals', I At the present time this receiver appears to be a
promising candidate for a low=cost Loran=C system,

The purpose of this paper is to describe the preparation and procedure of a flight
test conducted with this receiver and also to show that such a receiver is a viable alter-
native for future work in developing a low=cost Loran-C navigat. r,

I, OBJECTIVES

The first objective of this flight test is to navigate along u line of constont time
difference using the output LOP deviation indication of the Mini=L PLL receiver. The
results of this test could then be compared to the theoretical path that was chosen, In
this way it could be shown that the Mini-L PLL receiver is capable of providing guidance
information along a predetermined path. Also, the results could demonstrate the possible
path deviation that would occur with the position information provided by the Mini-L PLL
receiver,

The second objective is to determine the general flyability of the receiver/data
collection package. This would involve the evaluation of the method with which the
LOP data is displayed to the pilot.

", FLIGHT TEST PROCEDURE

The tlight test was conducted in a Piper Cherolkee 120, The pilot was R, W, Lilley,
J.P. Fischer was the navigator and J.D. Nickum was the equipment operator. The
navigator was seated in the copilot position, the equipment operator was seated behind the
pilot and the equipment pallet was placed in the seat behind the navigator,

The aircraft was positioned on the ramp in front of the Avionics Engineering Center
hangar at the Albany airport, The flight test software and Mini-L receiver were initialized
before the aircraft engine was started. After the aircraft was started and idling on the ramp
the software was initialized with the time and the software auto-logger was started. This
auto-logger will record in memory the time differences and a modified GRI count after every
1200 GRI's (approximately every 2 minutes). 2!  The RUSTRAK chart recorder used to chart
the TD's was also started before the aircraft began to taxi. After the receiver was in sync,
the Mini-L PLL receiver never lost lock, It continued to track the Lotan=C through the
entire flight (The receiver battery is seperate from the computer battery). The Mini-L
receiver showed no difficulties in tracking the Loran=C during the flight. The Loran-C




reception in the air was quite good even for the distant Nantucket slave,

After all the equipment was checked for proper operation the aircraft taxied out
to tokeoff, Runway 24 was used with a left tumn after takeolf to head toward Pomeroy,
Ohio.

The plan upon arrival at Pomeroy was to fly over a predetermined landmark
several times and manually toke data with the computer,  After making three posses
over the designated landmark the aircraft wes roiled out on o heading along the desired
flight path (LOP &67950), Initially, there was some confusion about what command sense
the LOP deviation indicator was showing. On the flight from Pomeroy to Huntington, W,
Va. the LOP deviation indicator was operating in the reverse sensing mode. After this was
cecognized the rest of the flight to Huntington progressed uneventfully . In the vicinity
of the Huntington area there seemed to be o substantial increase in the background noise
on the Loran oscilloscope monitor.  Huntington is a highly industiial area and it is possible
that, due to this heavy industry, the electrical noise might be higher in this area than over
an unpopulated area, The flight over Huntington was at 5500 ft, MSL. This relates to
approximately 4700 fi, AGL in the Huntington area.

After passing Huntington a 180° turn was made about 3 miles south of the Tri=State
airport, The LOP was then intercepted for the return trip to Pomeroy. During the return
the software began intermittent execution, It was determined that the computer system
battery voltage was low and about to fail.  An effort to dump the dato memory in the
computer to cassette tape ended in partial success.  The flight from Albany to Huntington
and a return of about 15 miles was actually saved on tape before the computer failed. The
flight was continued to Albany. The Mini-L PLL receiver continued to function with no
problems during the entire flight, The receiver never required any attention except to
monitor its performance,

For future flights a battery with a higher capacity hos been obtained and should
provide a longer flight time than the battery used for this flight,

V. LORAN CONFIGURATION

Figure 1 shows a map of Loran=C lines-of -position (LOP's) over an area which was
used for flight data collection. The U.,S, tast Coast (9930) chain is used in this case, with
the Nantucket to Cape Fear and Dana to Cape Fear pairs selected 3! Ag may be noted, the
LOP for pair Z (Dana = Cape Fear) is very nearly o straight line over the area of interest.
Indeed, this area is located almost half-way between the master and station 7.  Also, the
signals should be strong because of the relatively small distances involved and the station
power levels, (4] Again referring to Figire 1, it may be seen that the second LOP is
nearly orthogonal to the Dana pair.  The lage crossing angle assures that o small change
in position along the Dane LOP wili couse a maximum change in the time difference reading
for the Nantuckei pair, which allows a better estimation of location.
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It is helpful to bear in mind the effect of distance from a transmitter on the
accuracy of a TD reading. |31 Generally, when operating further than 300-400 km, from
o Loran station, the hyperbolas are not well defined and the effect of propagation delays
is more significant, 16,71  For the particular case being considered here, it would be
expected that TD readings from pair Z would be fairly reliable, while those from pair Y
would be less reliable; this is compounded by the fact that the signal level from Nantucket
is much weaker thar; Dana and is more subject to skywave contamination. It has been
observed in the lab (see Figure 2) that the variation in TD readings for pair Z is 2=3 s
while the variation for pair Y can be as much as 10 ps (assuming the effects of skywoves
are small, generally true during daytime hours).

Cross=rate interference is often responsible for variations in TD readings, particularily
for weak signals, When observing a TD reading over a period of one hour or more, it may
be noticed that there is a cyclic variation in the reading because of strong cross-rate inter-
ference, Managing this problem is usually considered to be up to the receiver; based on
statistics, it may be possible to model this effact and correct for it,

Bringing the above considerations together, it could be expected that o worst-case
condition might result in Loran readings which are one-half to one kilometer in error.

Absolute accuracy is not one of the prime considerations for this test; rather, it is
desired to fly aleng a strong LOP and relate TD readings taken in the air to various check-
points on the ground. Since the pilot will be trying to center a needle while in flight, and
including cross=rate interference, a slight sinusoidal flight path could be anticipated.

| CHOOSING A FLIGHT PATH

Summarizing the above discussion, the U.,S, East Coast (9930) chain will be used for
the flight analysis. The station pairs to be used are Y (Nantucket) and Z (Dana), The test
will be made along an LOP for pair 2. The discussion will now center on methods to choose
LOP's and map them,

A Loran-C chart 8] will provide information on the geometry of availoble LOP's over
an area of interest. From the chart, an estimate may be made as to which range of LOP's
for pair 7 should be used. A sectional aviation chart |?! is then consulted to locate areas
where good landmarks may be obtained. Good landmarks include major road -highway
intersections, large industries, schools, and buildings, or points along a river.

Now that a particular area has been selected, it is desirable to map Loran time dif-
ferences on this area. By choosing various points on the mop, the corresponding time
differences be found by the use of mathematical [10,11] calucations or computer pro-
grams, |3, 7':;?‘ To map an LOP, one pair is selected as constant, the other LOP is
incremented by a fixed amount, and the corresponding geogrophic coordinates are computed
LB gnd plotted.  Figure 3 shows o flow<hart designed for this procedure; a corresponding
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Figure 3. LOP Mapping Flowchart.
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computer program is shown in Appendix A, The progrom is desigied so that many LOP's
may be plotted to give a better choice of which one to use,

For plotting LOP's on the sectional map, it is only necessary to plot two or three
points and draw a line through them, As mentioned earlier, the LOP for pair Z is almost
a straight line. Once these LOP's are plotted on the sectional, they are examined to
see if they pass over or near good landmarks. In some cases, it may be necessary to
adjust them somewhat so as to cover more landmarks, To obtain girater detail, these
coordinates may then be plotted on a topographic map, such as those published by the U.S.
Geological Survey. A topographic map with a scale of 1:24000 was used and shows many
good land details. An example of an LOP plotted on the topographic map is shown in
Figure 4,

Vi, AIRCRAFT CONFIGURATION

The aircraft configuration included in a crew of 3 and the Loran-C equipment pallet,
The Loran=C system description as configured for this Flight included the following.

The receiver 2] used the aircraf, “DF antenna. The preamp was not placed directly
at the antenna terminals, A short piece of RG-58 coax cable connected the antenna to the
preamp. The coax length was approximately 1.5 meters. The preamp used was a higher
gain version of the one used in the lab tests, The opproximate gain is 30 4B, The receiver,
computer, cassette tape recorder and RUSTRAK chart recorder are all mounted on a small
pallet which can be secured sideways on o1 2 of the aircraft seats. The system battery pack
and another cassette recorder, used for voice recording, were placed on the floor of the
aircroft, The lines of position (LOP) deviation indicator was positioned under the throttle
pedestal so that the pilot could see it. A block diagram of the system is included in Figure
3.

VI, DATA REDUCTION

During the flight several different schemes are used to record the data collected
during the flight, The first method is the ability of the flight test software to record two
time differences and the clock time the TD's are recorded. This data is saved in RAM
memory and later, after the flight, is transferred to cassette tape.

The second method is that the two least significant digits of both TD's are charted
on a RUSTRAK chart recorder. This allows an immediately-visible record of the flight track.

The third data recording method is a data planning ‘recording form. This form,
shown in Figure 6, can serve two purposes, First, the flight is planned using this form,
Landmarks are chosen and written in before the flight, Second, during the flight if a data
point is taken manually the time and data point number (DPTn) is recorded on the form




' DATE s\ PLOT CREW
RATE 52 §S1
'Mop No.| Landmark DPT | Time | LOP/Track 1D Coments ]
0

Coments:

Figure A. Flight Planning Form,
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along with any comments, Blank forms con be carried to record any londmarks or related
data not planned initially ., This allows for the reconstruction of data points taken
manvally with the computer,

A data reduction program has been written which will allow the stored data points
to be printed out on o standard TTY.,  The complete program is listed in Appendix C
along with o sample output,  Essentially, the data reduction program 1eads the time, TDA
and TDB as recorded in memory and prints them on the TTY,  The program stops when it
finds o record of all zeros,  The time that is printed out is not clock time but a GRI count,
This can be related to clock time becouse each GRI count is exactly 0,993 sec, (every
10 Loran=C GRI at the 99300 rate),  Therefore, kiowing the time the software is starte!
we can odd the GRI count time, as recorded, and arrive at the correct clock time the data
was recorded to the nearest second.  Since the floating point software required for the
microprocessor to compute this time is quite large, it was decided that the data could Le
loaded t¢ the 1BM 370,  Currently there is no provision for outnutting data directly from
the microprocessor to the 1BM 370, Possible solutions to this problem are being considered,
Meanwhile the dara for this flight test, (GRI count TDA and TDB) weie entered manually .
A small FORTRAN progrom written to perform the time calculation and to output the data
is provided and listed in the Appendix D, Figure 7 and 8 show the output from this program
using the data collected during the flight test,  The time differences were then used by o
Loran=C to Geographic conversion program which then relates the Lomon-C time ditferences
to latitude and longitude , (3] The resulting dota were then plotted on o Cincinnati
Sectional, Figure 9.  In this figure the dotted line is the desired track, the solid line is
the Loran=C geogrophic data from the flight test,  This only represents the dota recorded
on the Pomeroy to Huntington leg of the flight,  The large deviation from the desired track
south of Pomeroy, about 2.5 miles, was due to the initial confusion about the indicating
sense of the LOP deviation indicator,  Initially it was believed that the LOP deviation
indicator was direct sensing thereby causing the flight to track away from the desived track,
After this was discovered note the correction back to the desired track,  For the rest of the
flight the desired track differed from the actual track by no more than about one mile,

The LOP deviation indicator, as set=up for this flight, provides o left right indication
calibrated at £ 10 s full scale,  As it tumed out this is 0 much too sensitive scale factor,
Also, due to the lack of any statistical smoothing of the raw Lomn=C data the indicator has

vary high sample-to-sample deviation rate causing pilot confusion as to the validity of
the tracking information presented in the short term semnse.  Also, due to the software
algorithm there are invalid LOP deviation indications when the Lomn data is greater than
104 from the desived track . This shows up as @ neaily ondrack indication,  Since it
was hoped that the aircraft would be on track or near encagh that this condition would not
accur, or it would be obvious that it is occuring, this condition was accepted.  Future
plans include changes in the software algorithm which presents data to the LOP deviation
indicator to correct this problem,

Figure 10 is the chart recorder output of the tlight,  The flight test data begins in
front of the hangar at Albany aimport.  This is shown at the bottom left of the figure,
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The flight progresses up the chart and then down to the bottom right of the figure and to
the top again, Figure 11 is a part of the topographical map used to plot the landmarks,
The data points (DPTn) on Figure 11 are the same ones referred to in Fgures 4,8,9,10,

The flight path wos flown with reference to the M=Z LOP as 67950 instead of
the 67954 LOP plotted on the maps because of o fairly constant -4 5 difference between
the calculated Loran LOP of the receiver and the geographic to Loran computer program,
Referring to Figure || data points 10,12, 15 are points token directly over the landmark
shown in the circle. The LOP's in this crea are nearly orthogonal.  The pair that provides
the east-to-west position information is M=Z,  This pair is the strongest of the two used
during the flight, The M-Y pair which gives the north=south position information is o
much weaker pair with much skywave contamination in the Y signal . Since the signal from
Y is weoker the receiver would be expected to sample later in the waveform, This would
provide the indication that the actual LOP is farther from the pair than it actually is.
Examination of Figure 4 it is seen that the E-\V position is very close to correct. The N-S
position is south of the correct position which is what would be expected if the receiver
was sampling late on the weak station. Since the positioning goal of this receiver deve-
loped here at Ohio University is a position error of about 1 mile,it appears that with the
data shown, this may be available with the current receiver. It will definitely require
much more information to evaluate the actual accuracy of the Mini-L PLL receiver.

Figure 11 is the topographical map for the Albany Aimport area. The same shifting
effects noted before are again present here. DPT 1 was taken in front of the hangar on the
ramp. The position is shifted south-west of the actual positicn with respect to the M-Y
LOP pair.  The position information from the other pair is closer but this is only one data
point, which could be noise=contaminated on a single sample basis,

The data collected consist of recorded time differences, Each of these time dif-
ferences may be converted to its corresponding geogrophic coordinates using techniques
discussed earlier. Once the coordinates are computed, they may be processed by the
computer in such a manner so that they may be plotted on o grophic plotter.  The com-
puted data points may also be plotted on a map as shown in Figure 11, Appendix £ shows
a FORTRAN program which may be used to process the flight data and plot the results,
This program reads in the time differences and places them in tables which are then sent
to the plotter, Based on this program, other programs may be written to, for example,
read the recorded time differences, convert them to geographic coordinates, place these
coordinates in tables and plot the results,  All of these programs use the standard plotter
subroutines which are available on the IBM System 370 in use at Ohio University,

Figures 12,13, and 14 show the results of using this procedure to plot various arrange -
ments of flight data, Figure 12 is simply the ideal flight course, plotted for comparison
pumposes.  Figure 13 shows a plot of the actual LOP flown with time difference Z as the de-
pendent varioble and time difference Y as the independent variable. An interesting point
to note here, is the resemblance of this graph to that of o damped sinusoid,  The initial wide
excursion from the mean (the mean is plotted in Figure 12) indicates the flight crews'

‘catching on" to the sensing o the metering system, Thereafter, the deviation from the mean
is much less,

Al
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A first glance at Figure 13 may suggest a poor performance at flying an LOP,
However, an analysis of Figure 14 gives a somewhat more forgiving result, This is a plot
of position with the longitude vs, latitude, Here it may be seen that even at the worst
deviation from the mean, the actual displacement is about two kilometers. The excursions
indicated to the left of Figure 13 and the lower right of Figure 14 are the passes made at
the beginning of the trip over the first checkpoint. The location of the checkpoint is
midway between the looping lines,

Using the computer and the mechanical plotter to graph flight test results saves
much manual labor. Steps are currently being taken to make it easier to load the flight
test data from the microcomputer to the IBM 370, Also being planned are new computer
programs for plotting data on standard size maps for easier analysis. The use of a comput-
ing facility greatly reduces the time and work required to reduce and analyze flight test
data,
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UIMENSTION BUF C5000)»Y(36) v 2(34)

FPROGRAM 10 PLOT ON GRAPHIC PLOTTER
DATASET 12 1S A FILE CONTAINING THE TIME DIFFERENCES TAKEN
ODURING THE FLLIGHT,

SCALE FACTORS ARE READ IN TO ALLOW ADJUSTING TQ DESIRED
DIMENS TONS o

DATASET 11 CONTAINS DATA FPOINTS FOR PLOTTER.

FRINT 4
U FORMATC( OENTER SCALE DIMENSIONS. )
READ &Sy YLNGTHy ZLNGTHy YSTZE » 25T 2E

& FORMAT(F10,0) gp.GE‘S.
CALL PLOTSCEUF » 20000, 11) RIGINAY Sy
READCI29 1) CYCI)9ZCT) v I721 9 34) ) R Q

L FORMAT(2F5.0)

SCALE INFUT DATA
CALL
CALL

SCALECY s YLNGTHy» 12191 9104)
SCALECZ v ZLLNGTHy 121 91910,)

HRAW AXTS

ALl AXIS(L0v1.0"THZ MICROSECONDS ¢

LU DATA (CONNECTING DATA POINTS)

THE RESULTS OF FLIGHT TES

T,
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ACFO0020
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ACFO0230
ACFOO240

ALL AXISCL 0w Lo 0y " THY MICROSECONDS v~ 146y YSIZEv QO Y35 v Y(36) v 10.ACF Q0250

ACFO02460

r LOEyZSTZE v PO v ZCEG) 9 Z2(36) v 10, )ACFO0270

ACFO0280
ACFO0290

ACFO0300

CALL PLOTC(1l.+1,923) ACFO0310
LALL LINECY»Zy121slvlvl) ACFOO0320
ACFOO330

FRINT THE HEADING ALFOO0340
ACFQO3L0

CALL PLOT(4.0¢8,0¢23) ACFOO3&40
CALL SYMBOLC(O.0»0,0r 179 "MINI-L KIMI FLIGHT CHECK’vyQ.0y24) ACFO0370
CALL BYMBOL (P29 999909 e 1792190.0v~1) ACFOO380
CALL SYMBOL (9999992917 "ACTUAL FLIGHT LOP‘y0.0v17) ACFOO0320
ALFOO400

FINISHER! ACFOO410
ACFOO4.20

CALL PLOTCQ Qv Q409 999) ACFOOA430
STOP ACFO0440
LND ACEFQO450
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