CHAPTER V

Practical Aspects
of Loran Navigation

Introduction

This chapter draws upon the material pre-
sented in other chapters as a foundation for
practical advice on the use of the Loran-C sys-
tem. It presents additional information on the
choice of coordinate systems, use of “bias” or
“home port” corrections, use of Loran-C for
HHA navigation, maintenance of navigation
and performance logs, waypoint navigation,
route selection and routing, and operation in
fringe areas. Technical material is included, in
this as well as other chapters, to impart “know
why” as well as “know how.”

As with Chapter IV, the emphasis in this
chapter is on marine users. Additional com-
ments relevant to aviation users are also in-
cluded.

TDs Versus Latitude/Longitude: Reprise
As noted in Chapter IV, current marine
Loran-C receivers have a coordinate conversion
capability, so that either TDs or latitude and
longitude can be used without having to refer to
nautical charts for conversion. The use of the
latitude and longitude coordinate system is fa-
miliar to most navigators, and many sources
(e.g., the Light List and the US Coast Pilor)
report the coordinates of navigationally impor-
tant objects only in this coordinate system. For
this reason, many navigators prefer to use lati-
tude and longitude exclusively. Provided that

the mariner is prepared to accept the stated
absolute accuracy of the Loran-C system or
operates in waters where the absolute accuracy
is greater than the system specification, there is
nothing wrong with this practice. Indeed, this is
undoubtedly how many mariners (and all avia-
tors) use loran on a day-to-day basis. Nonethe-
less, there are some instances when greater
accuracy—tensrather than potentially hundreds
of yards—may be necessary or appropriate for
safe passage. In these circumstances, TDs are to
be preferred rather than latitude and longitude
for marine applications. Guidance is offered
below.

The process of automatic conversion from
TDs to latitude and longitude is discussed in
earlier chapters. Basically this involves the use
of mathematical models (imbedded in the loran
receiver’s logic) for estimating the latitude and
longitude corresponding to an observed set of
TDs. This model includes allowance for PF, SF,
and ASFs (refer to Chapter IT) on mostreceivers.
As noted in Chapter III, however, there is pres-
ently no industry standard for this conversion
process (though one is reportedly under devel-
opment), and some receivers are much better
than others in this regard. For applications re-
quiring the greatest navigational accuracy, TDs
are to be preferred to latitude and longitude. This
section provides additional detail on this impor-

tant topic.
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The reader might be puzzled at the advice to
use TDs in preference to latitude and longitude.
Specifically, the reader might pose the follow-
ing question: I understand that the latitude and
longitude of a position as calculated by the
receiver might be in error (compared to “ground
truth” or the vessel’s true geographic position),
butifTuse the samereceiver toreturn to the same
indicated position (in latitude and longitude
coordinates) wouldn’tI be exploiting the repeat-
able accuracy-of the system regardless of the
coordinate system used? And if the loran is
always used so as to take advantage of its
repeatable accuracy, what is the reason for pre-
ferring one system of coordinates over another?

These are astute questions and deserve a
careful answer. To begin, note that the receiver
measures a set of TDs, and then calculates a
latitude and longitude from these measured TDs
using the ASFs stored in the memory (assuming
thatthereceiveris programmed toinclude ASFs,
as most are, and that the Auto ASF function is in
use). Provided that the vessel (equipped with the
same loran receiver) returns to a spot with the
same indicated TDs (and is using the same
secondaries), it is indeed true (if the Auto ASF
function is engaged) that the displayed latitude
and longitude will also be approximately the
same. In this event, it would be solely a matter
of convenience which coordinate system were
used for the purpose of returning to apresurveyed
waypoint,

However, remember that the ASF correc-
tions are not only a function of the indicated
position, but also (refer to Chapter II) a function
of the chain and secondaries in use. If, for
whatever reason, the receiver were tracking
different secondaries on the second visit, the
ASFs would also be different, and so would the
calculated latitude and longitude of a specific
position. The problem arises if the assumption of
the same rates is in error (Brogdon, 1991)—

recall thatreceivers will sometimes use different
secondaries at the same position (depending
upon, inter alia, the respective signal strengths
of the received signals from the various second-
aries). Assuming that the same receiver is used,
itisonly if the same chain, the same secondaries,
and the same ASFs are also used, that the
mariner can assume that the latitude and longi-
tude will be within the repeatable accuracy of the
Loran-C system. Moreover, there are two other
circumstances where the correspondence be-
tween latitude and longitude and TDs will differ.
Suppose first that the Auto ASF function is not
enabled in the receiver. In this event, no ASFs
will be applied to the observed TDs, and the
latitude and longitude will differ from that deter-
mined if the ASF corrections were in use. Sec-
ond, the mariner may be using a “home port,”
“bias,” or “offset” correction (explained below)
which also effectively alters the ASFs applied.
In this instance as well, the correspondence
between TD and latitude/longitude will be
changed. Of course, the indicated latitude and
longitude would also be slightly different if
anotherreceiver with different ASFs were used.
For this reason, published waypoints are typi-
cally given in TD, rather than latitude and lon-
gitude, coordinates.

For greatest repeatable accuracy,,ensure;
‘that the receiver is tuned into the;,same
GRI and same secondanes s were u ed'.
when “saving” the waypomt orlgmally

Also ensure that the same ASFs are bemg'
used. » » . -

Itisimportant to note thatmostloran receiv-
ers store waypoints in memory as latitude and
longitude coordinates regardless of how these
coordinates were actually entered into the re-
ceiver. In the process of storing these coordi-
nates, ASFs thenin use will be applied to the TDs
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to calculate the latitude and longitude to be
stored in the receiver’s memory. If on a later
visit, the same ASFs are applied to the same
TDs, the latitude and longitude will also be the
same. If, however, the Auto ASF is disabled or
another chain and/or secondaries are in use, the
positions may differ. Normally these differ-
ences will be small and within the published
absolute accuracy of the system, but could none-
theless bé substantially less accurate than the
repeatable accuracy of this system.

The simplest way to deal with this situation
(Brogdon, 1991) is to record the observed TDs
corresponding to any waypoint of interest. In
particular, itis useful torecord all TDs—not just
the two TDs in use'—so that, on a later visit, if
the preferred secondaries are unavailable or
unusable, the mariner can still find the waypoint
using other TDs. When using the loran in navi-
gationmode—i.e., whennavigating toa waypoint
using range and bearing information, the user
should be careful to check that the same second-
aries are in use and that the ASF correction
function in use is the same as when the waypoint
was originally entered in memory. Otherwise
the accuracy of the system will be degraded.

ignals in the
- in use by the

Another aspect of ASFs and latitude/longi-
tude conversion that should be noted is the
receiver’s ASF logic when using the loran in a

planning mode. The receiver can be used to
convert the coordinates of a waypoint from
latitude/longitude to TDs. In principle, the re-
ceiver should use the ASFs appropriate to the
latitude and longitude of each waypoint for this
conversion. However, published reports (Jones,
1989), indicate that at least one well-known
receiver uses the ASFs corresponding to the
vessel’s current position and not the ASFs cor-
responding to the actual waypoint location for
the conversion. This difference could be of little
consequence if the waypoint were close to the
vessel’s location, but could be quite significant
if the waypoint were a long distance away. This
difficulty is not inherent in the Loran-C system,
but rather an artifact of the software used in at
least one particular make. (Incidentally, this
peculiar feature was not covered in the owner’s
manual.) In the case related by Jones, the
waypoints being converted were along the Maine
coast and the vessel’s location at the time of
conversion was in Massachusetts. Because ASFs
change appreciably in this region, the converted
positions were up to 0.5 miles in error—a figure
in excess of the absolute accuracy specifications
of the system. The point of thisillustrationis that
the user should become familiar with the spe-
cific features of the particular loran. Although
Jones (1989) raised this pointin connection with
only one make and model of receiver, the above
point is more general.

Whether ornot the gainin accuracy achieved
by using TDs or bias corrections (see below) is
worth the effort depends very much upon the
circumstances. Finding a fairway buoy marking
the approximate centerline a “wide’ channel in

'Recall, however, that some receivers use more than two TDs to determine a position.

’The word “wide” is put in quotation marks to indicate that it may have different meanings for
different classes of vessels. The effective width of a “channel” would be substantially different for
a tanker drawing 30 ft of water than a sailing vessel drawing 6 ft or a jet drive vessel drawing 1 ft.
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excellent visibility does not require pinpoint
accuracy, nor are the consequences great if this
buoy is missed. However, finding a lateral buoy
marking the edge of a narrow channel with
surrounding hazards on a fog-shrouded day
requires very careful navigation and operation
of the Loran-C receiver so as to maximize
accuracy.

Bias Corrections

Most modern Loran-C receiver can accom-
modate ASF corrections in two ways. The Auto
ASF function can be enabled or disabled. That
is, prestored ASFs can be included or excluded.
Most Loran-C receivers also have an additional
feature, variously called a “bias,” “offset,” or
“home port” correction by receiver manufactur-
ers. To use this feature, the mariner travels to an
accurately known location—often a dock at the
marina—and manually enters these known co-
ordinates into the loran, either directly, or as
differences (called “deltas” in some owner’s
manuals) or offsets to the known latitude and
longitude. In this way, the observed position (in
latitude and longitude coordinates) error will be
forced to equal zero at this location.

This seems a simple and elegant way of
“calibrating” the receiver in the local area and
increasing the accuracy of the latitude and lon-
gitude readouts. Useful as this procedure is, the
mariner should be aware of some limitations of
this technique. In effect, the user is entering an

“ASF-like” correction into the receiver’s memory
toreplace (or supplement) the prestored values.?
At best, this correction includes all the factors
normally considered in ASF corrections, but
alsoreflects a compensation for season, diurnal,
and secular trends in signal propagation. In
effect this represents a crude differential Loran-
C adjustment. However, this correction is only
exact for the particular calibration point used,
and not necessarily for other, more distant,

locations. Were this procedure repeated in an-

other location, the correction would be slightly
different.

Within what range is this “local area correc-
tion” valid? Table V-1 provides a sampling of
published estimates, ranging from approximately
10 miles to 100 miles from the point of calibra-
tion. Although these values are given for per-
spective, the mariner should determine empiri-
cally the limits in waters frequently cruised. The
mariner should also give some consideration to
the calibration point. For example, the mariner’s
home port could be a marina near a metal bridge,
overhead power lines, or other natural or man-
made obstructions. In this event, the home port
correction might be quite inappropriate for loca-
tions only a few hundred yards away.* Even if
the mariner’s home port is not affected by
anomalies caused by bridges, powerlines, or
other objects that produce localized distortions
in the loran grid, the areal extent over which this
bias correction is applicable is a function of how

*On some models the “bias” correction replaces the ASF corrections, on others it is in addition to
the prestored values. The ASF status indicator may display the same indication if either a bias or

regular ASF is being used.

“For example, there are several marinas located along the Delaware River in close proximity to
bridges and one located directly under the Ben Franklin Bridge in Philadelphia, PA. A home port
correction developed in this location could be seriously in error outside the zone of influence of the

bridge.
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TABLE V-1. APPROXIMATE LIMITS OF
APPLICABILITY OF “HOME PORT” OR “BIAS
CORRECTIONS” AS GIVEN BY VARIOUS SOURCES

Maximum Distance From Original
Reference Point Where “Home Port”
Correction is Applicable (NM)

Source

10 Practical Sailor, 1990

10 Marinteck Owner's Manual

20 Melton, 1986 ‘

25 Voyager Loran-C Owner’s Manual
“Fairly Broad Area” Raynav 570 Owner’s Manual

100 Gait, 1990

100

Dutton S, Thmeenth Edition

much the ASFs vary over the region of interest.
And,asevenacasual examinationof DMAHTC’s
ASF tables will show, the variation in ASF can
differ significantly, depending upon the chain,
secondary, and location. Therefore, none of the
estimates givenin Table V-1 should be accepted
uncritically.

Those who elect to use an offset correction
should also be aware that the entry of this
correction effectively alters the apparent loca-
tions of any waypoints stored prior to establish-
ing this home port correction. Finally, users
should refer to the owner’s manual fordirections
on how to enter this correction and for other

relevant particulars. For example, on some lo-
rans, the home port correction is automatically
deleted if the set is turned off, on others, the
correction is retained in memory until it is
deliberately erased.

Even if the vessel remains in the same wa-
ters, there is some benefit to reentering home
port corrections from time to time. Recall from
material presented in Chapter III that TDs have
seasonal, diurnal, weather-related, and possibly
secular components. Periodic recalibration can,
in principle, remove some of this variability and
increase accuracy in a local area.

If the vessel strays from the local area, the
bias should be changed when the opportunity
presentsitself foranaccurate fix. DePree (1987),
for example, claims that daily site-specific bias
corrections enabled Loran-C position accura-
cies of 0.5 miles or better when cruising in the
Bahamas. This area is notincluded in the cover-
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agediagrams for the 7980 chain, and uncorrected
fix errors of five miles or more are common in
these same waters. This “poor man’s dynamic
differential Loran-C’ is sound in principle, but
the mariner should allow an extra safety margin
when entering waypoints to guard against the
possibility of degraded accuracy. Moreover,
every opportunity should be taken to verify
Loran-C position information by other means—
a point emphasized below and throughout this
Loran-C Handbook. The United States Coast
Guard does notencourage the sole use of any one
navigation system in any potentially hazardous
waters, much less when operating in areas out-
side the defined coverage area of a navigational
system.

Finally, the mariner should be aware that a
bias or home port correction will cease to be
appropriate if the loran receiver switches sec-
ondaries or chains. May (1987) recounts just
such anexperience which occurred off Monomoy
Island near Cape Cod, MA. According to this
account, the vessel operator just happened to be
looking at the loran when it switched secondar-
ies’ and noticed that the indicated position
“jumped” out of the channel and moved to a
nearby shoal! The mariner had entered a bias
correction which was no longer appropriate
when the receiver changed secondaries. There
are two lessons to be learned from this caution-
ary tale. First, bias corrections should not be
used in or near areas where chain or secondary
switches may occur—such as in the vicinity of
a baseline extension. The second lesson to be
learned is that the mariner should systematically
record the secondaries in use whenever a fix is

taken (see below). May’s account does not men-
tion that this procedure was used—rather, it
gives the impression that the observation of a
rate switch was entirely fortuitous. If, however,
the mariner noted the rates in use whenever a fix
was recorded, the rate switch would have been
detected and the bias correction could have been
removed.

Otherwise the correctio

rather than increase the accuracy.

Practice Often and in Good Weather

Mariners should become thoroughly famil-
iar with the operation and performance charac-
teristics of their loran receivers. The best way to
ensure the required familiarity is by frequent
practice. Asnoted in other chapters, loran manu-
als are not always well written, and many loran
sets have idiosyncracies that are not thoroughly
documented in the owner’s manual. The only
way to learn about a particular receiver is to
practice in “benign” conditions (e.g., in good
weather and in an area relatively free of hazards
to navigation) when errors are not critical, and
there is time to read (and reread) the owner’s
manual while underway. This practice can be
put to good use when weather or other condi-
tions deteriorate and there is no time for such a
deliberate approach.

Part of the reason for this practice is to
become familiar with the purely “mechanical”

SThis probably occurred because the vessel was in the vicinity of the Xray baseline extension of the

NEUS (9960) chain.
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FIGURE V-1. CONTROL CHART FOR YANKEE SNR DATA ON
FACILITY 223971 DOCKSIDE AT THE BORDENTOWN, NJ,
SARDET WITH HANDHELD LORAN RECEIVER.

YANKEE SNR
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- DAY
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aspects of operation of the loran receiver. But
another important reason is to gather useful data
on such elements as loran accuracy (both repeat-
able and absolute), typical SNRs, waypoint co-
ordinates, etc., in areas frequently traveled. The
material on these topics in this Loran-C Hand-
book is as complete as possible, but cannot
reflectallrelevant site-specific information. For
example, SNRs measured at the receiver are a
function of the distance from the various trans-
mitters (as noted in Chapter III). In principle,
these distances could be used to calculate con-
tours of constant SNR on generalized charts. But
SNRs are also a function of the receiver make
and model, adequacy of grounding (see Chapter
VII), local interference aboard ship, receiver
placement on the vessel, weather, and other
factors that cannot easily be generalized or
presented as “typical” values. Therefore, it makes
sense for the vessel operator to maintain a “per-
formance log” which summarizes these data for
the particular installation. Even a procedure as
simple as noting in a performance log the SNRs
of the various TDs when the vessel is tied at the
dock can be useful. Figure V-1 shows such data
in the form of a szatistical control chart® for the
Yankee secondary of the NEUS (996) chain for
22 days during the summer of 1991. (Data
plotted are in units of the two-digit SNR codes
displayed by the receiver, rather than the actual
SNR.) These data were taken with a hand-held
loran receiver (without an external ground) on
an aluminum patrol facility in the upper Dela-
ware River, docked at a fixed Search and Rescue
Detachment (SARDET). The dashed line in this
figure represents the average of the SNR read-

ings of the Yankee secondary over the first 20 of
the 22 days, and the dotted line the lower control
limit. (Although statistical techniques beyond
the scope of this handbook were used to compute
the lower control limit, it should be clear from
visual inspection of the plot given in Figure V-
1 that “something happened” after day 20 in the
sequence.) Note that the SNR exceeded the
manufacturer’s minimum SNR for reliable sig-
nal reception (denoted by the shaded area in
Figure V-1) throughout this period, but the
trend evident in these data points to some ad-
verse development that should be investigated.
Such a drop in SNR could have been caused by
a failed alternator filter, the installation of new
equipment aboard the vessel, weather in the last
2 days or other factors—see Chapter VII-—but
the point of this example is that these data can be
used to advantage.

Entries in the performance log should indi-
cate the vessel’s position, SNR, an accuracy
measure (if provided by the receiver), known
weather (e.g., a thunderstorm at the location), a
listing of the status indications or alarms at the
time, and a list of other electronics (e.g., radar,
depth sounder) in operation. The important thing
is to record these data systematically so that
performance norms can be established. Later,
actual readings can be compared with these
performance norms to detect anomalous condi-
tions and begin a search for an “assignable
cause.” For ease of exposition, the performance
graph shown in Figure V-1 was deliberately
simplified. In practice, SNRs from the master
and all usable secondaries would be recorded
and plotted, not just data for the Yankee second-
ary.

*Readers unfamiliar with statistical control charts will find details in any elementary textbook on
statistical quality control, for example, Duncan, A. J. Quality Control and Industrial Statistics,
Third Ed., Richard D. Irwin, Homewood, IL, 1972, or Grant, E. L., Statistical Quality Control,
Third Ed., McGraw-Hill Book Company, New York, NY, 1964.
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Yet anotherreason for noting SNR measure-
ments is to help detect “cycle slips” that can
occur in fringe areas, high noise environments,
or if the receiver is not installed properly (see
Doyle, 1986). In these circumstances, the re-
ceiver may fail to track the appropriate point
(3rd positive zero crossing in the pulse, see
Chapter IT) and instead track another zero cross-
ing which differs by an integer multiple of 10
usec (e.g., 10 usec, 20 usec, 30 usec) from the
correct tracking point. If this occurs, the mea-
sured TD(s) (and thus the vessel’s apparent
position) would be in error by an equivalent
amount. Therefore, it is important to detect this
condition should it occur. Most receivers are
programmed to automatically detect (normally
by comparing the amplitude ratio of the peaks on
either side of the tracking point), display (via a
cycle alarm or status indicator), and ultimately
correct this condition. For most (but not all)
makes and models these alarms and status indi-
cators work well. However, the user should also
be alert to the potential for this problem to
arise—particularly in fringe areas or in other
circumstances where cycle slip is more likely. It
is mentioned in this context because when cycle
slip occurs, so too does the SNR. Referring to the
pulse envelope shape discussed in Chapter II,
note that the signal amplitude increases as the
tracking pointis “slipped” further into the pulse.
Cycle slips, therefore, will be associated with a
change in the SNR of the received signal. (Other
methods for detecting these slips are reviewed
below.) If the mariner systematically records the
SNR when the vessel’s position is fixed, cycle
slips may be evident in changes from these
preestablished norms.

SNR measurements can also be used to
determine if a secondary is “off-the-air.”

Practice sessions with the loran can also be
used to record the coordinates of desired
waypoints (entered in the receiver and in a
separate waypointlog) so that the loran’s repeat-
able accuracy can be used when in “instrument”
conditions. The vessel operator can practice
“blind” approaches (of course with competent
lookouts aboard to avoid collisions and ensure
that the vessel does not stray from safe water) to
key harbors or anchorages to gain familiarity
with the waypoint sequencing options and con-
fidence in the capability of the loran system. The
mariner might also wish to evaluate the utility of
“home port” corrections (discussed above) and
the likely accuracy to be attained with these
corrections.

Maintain a DR Plot and Cross-Check Fixes

It is physically possible to navigate a vessel
entirely by electronic means, but this is not a
prudent course of action. In particular, naviga-
tors should never abandon the practice of main-
taining a DR plot. (Methods and graphical con-
ventions for construction of a DR plot are be-
yond the scope of this handbook, but can be
found in any text on coastal piloting or naviga-
tion.) Absent sophisticated interfaces between
the loran, fluxgate compass, and a speed sensor,
the only way the navigator can estimate the sez
and drift of the current is by comparing the
vessel’s DR position with a contemporaneous
fix. Therefore, one major purpose of the DR plot
is to enable estimation of set and drift—and
derivatively determining a course to steer to
compensate for the current.

Another purpose of the use of the DR plot is
to provide at least a gross “reality check” on the
positions determined by the loran. Figure V-2
illustrates how this might be done. The figure
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FIGURE V-2. HYPOTHETICAL VOYAGE WITH ESTIMATED

AND ACTUAL CURRENTS, AS IT WOULD BE CHARTED
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itself shows the DR plot, estimated position after
one hour, intended track and loran fix. The inset
shows a stylized replica of the loran display at
the time of the fix. In this example, a mariner
estimates the current set and drift to be 135
degrees and 3.0 knots respectively. Assuming a
speed through the water of 5.5 knots and a
desired track of 090 degrees to the waypoint
indicated by the buoy, the navigator determines
that an appropriate course to steer would be 067
degrees, and that the estimated speed of advance
would be approximately 7.7 knots. After one

hour in this example (in actual practice fixes
would be more frequent) the navigator notes the
loran fix (denoted by the triangle in Figure V-2)
and calculates the actual set and drift to be 180
degrees and 4.3 knots respectively. The mariner
can use this information to help assess the plau-
sibility of the loran position. Cycle slip, for
example, might be detected by this method. If
cycle slip were suspected, several possible loran
positions could be plotted by sequentially as-
suming that one or both of the TDs were +/— 10
usecin error. If any of these alternative positions
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were much more consistent with the estimated
set and drift, the hypothesis of cycle slip might
be supported.

The navigator should also maintain a DR
plot because the loran may become inoperative.
As noted in Chapter I, the Loran-C system
availability is excellent—better than 99.7 % avail-
ability for any given triad. However, the avail-
ability of the onboard receiver may not attain
these levels—particularly if it is subject to direct
contact with seawater, varying input voltages,
and other environmental challenges to reliable
operation. A DR plot would be invaluable if the
loran became inoperative.

Along with maintaining a DR plot, the navi-
gator should establish a definite interval for
recording fixes. The loran receiver is continu-
ally updating the vessel’s position (every few
seconds or so), but the advice hereis torecord the
loran fixes in the voyage log or navigator's
workbook and to plot
the fixes on the nau-

computing current setand drift (from a compari-
son with the DR position) but also writing down
and plotting the fix information could be quite
useful in the event that the loran fails. The
appropriate interval between fixes is a function
of the vessel’s speed, frequency of course and/or
speed changes, and the navigational hazards
posed by the route. Appropriate fix intervals
couldrange fromevery 3 minutes or so (for afast
moving vessel or one in a narrow channel) to
once per hour for a sailboat or power vessel in the
open waters well removed from HHAs.

Finally, the mariner should attempt to con-
firm any loran fix by other methods—partic-
ularly if the fix is “critical.” One obvious method
for checking a fix is to note the water depth at the
time of the fix. When the fix is plotted, the
observed depth can be compared (after adjust-
ment for the tide height if necessary) with the
charted depth at the fix to verify the fix. Of
course, if the waterdepth does not vary apprecia-

tical chart. (Before W
the advent of coordi-
nate converters,
mariners had to plot
the TDs todetermine
a position on the M
chart, but automatic
converters elimi- :
nated this require-

v

ment.) The fix infor-
mation should in-
clude the coordi-
nates, secondaries in
use, SNRs, and a
notation describing
any pertinent status
indicators (e.g., SNR
or cycle flags). Not
only is this fix infor-

" THREE PRACTICAL IDEAS

ALWAYS MAINTAIN A DR PLOT

RECORD LORAN POSITIONS IN A LOG
ACCORDING TO A DEFINITE SCHEDULE

VERIFY LORAN FIXES USING ALL
OTHER AVAILABLE METHODS

mationnecessary for Pis
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FIGURE V-3. A ROUTE IS A SEQUENCE OF WAYPOINTS
WHICH DESCRIBES THE VOYAGE.

SOLID LINE SHOWS
INTENDED ROUTE

WAYPOINT P
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bly over a broad area, this validation method
would not be useful. Visual bearings can also be
taken in pilot waters, and buoys are also helpful
inverifying positions. Certainly, spotting a buoy
in the wrong position (Humber, 1991) ought to
alert the navigator to the need for special vigi-
lance.

Exploiting Partial Information

Normally, a loran receiver is either working
satisfactorily or it is not. However, it sometimes
happens (see Dahl, 1986 or Gait, 1990 for
examples)thatpartialloraninformationisavail-
able. For example, the receiver may be able to
display TDs, but the latitude/longitude conver-
sion and navigation functions may be inopera-
tive. Alternatively, only one TD may be avail-
able or usable. Although only one TD would not
be sufficient to provide a fix, it does determine
an LOP which could be crossed with a visual or
RDF bearing or by some other means (e.g., a
depth contour or a celestial sight) to determine a
fix. Alternatively, depending upon the angle of
the TD to the intended track, the TD might be
“followed” to a point closer to the shore where
visual bearings could be used. Obviously, lim-
ited information should beregarded with healthy
suspicion, but should not be disregarded en-
tirely.

Another example of the use of limited infor-
mation is as follows. It frequently happensin the
HHE/HHA phase of navigation that loran can-
not be used as a primary navigation system (say
because either absolute orrepeatable accuracy is
insufficient to navigate a narrow channel), but
that loran information can be a valuable supple-
ment. In the narrow channel example above, it
may well be the case thatloran could not be used
to determine whether or not the vessel were in
the channel, but the loran readout (in conjunc-
tion with the observed position in the channel)
could be used to determine a fix. In essence
visual observation would determine one coordi-

nate of a fix, while the other coordinate would be
supplied by the loran. Moreover, even in this
circumstance the loran's ground speed readout
would be usable.

Use of the Route Function

As noted in Chapter IV, many loran receiv-
ers have a route function that enables the navi-
gator to link waypoints together into an overall
route. (Operating details vary by make and
model of receiver, so these points are omitted
here. Refer to the owner’s manual for this infor-
mation.) Waypoints used can be entered by
actually visiting each and using the receiver’s
“save” capability (this has the advantage of
exploiting repeatable accuracy), entered directly
as latitude/longitude or TDs, or selected from
among the available waypoints previously stored
in the receiver’s memory. Routes are stored in
memory, as are waypoints, and must be planned
with applicable memory limitations in mind.

Usually, the waypoints in a route are ar-
ranged so that these correspond to points where
the vessel’s course or speed needs to be changed.
Figure V-3 illustrates a route consisting of
several waypoints (denoted by circles with cross-
hairs and a waypoint numberin this diagram) for
traversing a harbor entrance. (If the channel
were narrow, it might be necessary to have
visited the waypoints earlier to ensure that the
repeatable accuracy of the loran was attained.)
Of course, the same effect could be achieved by
sequentially entering waypoints as the vessel
proceeds along the route, but the advantage of
using a route function is that the receiver will
automatically switch from waypoint to waypoint
as the vessel passes each in sequence. Moreover
(see below), it is good practice to minimize the
number of keystroke entries thathave to be made
while the vessel is underway.

It sometimes happens that the navigator
wishes to by-pass any individual waypointin the
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FIGURE V-4. WAYPOINTS IN A ROUTE CAN BE
BYPASSED AND A MORE DIRECT ROUTE SELECTED.

ORIGINAL ROUTE
SHOWN AS SOLID
BLACK LINE

REVISED ROUTING '

1
05 \ [/



Practical Aspects of Loran Navigation V-15

route sequence. Figure V—4 illustrates this situ-
ation. The route originally planned consisted of
the waypoints 02, 03, 04, 05, etc. But, after
reaching waypoint 02, the mariner decides to
travel directly from 02 to 04 (along the track
indicated by the dotted line) rather than visiting
waypoint 03 as programmed in the original route
sequence. The route function of most receivers
enables this to be done without having to enter
in an entirely new sequence of waypoints—a
handy feature. However, this feature must be
used with care, and only after the navigator has
determined that the directleg between waypoint
02 and 04 (in this example) can be traversed
safely. Remember, the loranreceiver hasnoidea
of the hazards to navigation or water depths
along any route. There may, in fact, be an island
between waypoints 02 and 04! Itis the mariner’s
responsibility to lay out each route on the nauti-
cal chart and assess whatever hazards lie along
the route. Although this would almost seem too
obvious a point to mention, groundings have
occurred for this very reason. Automatic fea-
tures are intended to facilitate navigation, not to
eliminate the need for common sense.

In some cases aroute may have been defined
but, for one reason or another, the navigatormay
have permitted the vessel to drift off the intended
track. The vessel operator has two choices, (i)
steer a course to return to the original track, or
(ii) restart the route and travel directly to the
next waypoint in sequence after “zeroing out”
the cross-track error. Most loran receivers en-
able the route to be restarted from any point,
eliminating the need to return to the original
track to obtain useful navigational information.

Most receivers with a route function enable
any route stored in memory to be traversed in
either direction. For example, a mariner depart-
ing a harbor in good weather can save waypoints
along the way to define a route and merely run
this route in reverse waypoint order to return
safely to harbor.

Cycle Stepping

In Chapter 11, and elsewhere in this hand-
book, it is noted that the Loran-C receiver is
programmed to track on the third positive zero
crossing of the loran pulse—30 usec into the
pulse. This tracking point has been selected
based upon an engineering compromise. On the
one hand, the further into the pulse (on the
leading edge) the sampling or tracking point is
placed, the greater the signal strength—until a
point approximately 60 usec from the startof the
pulse. Therefore, setting the tracking point fur-
therintothe pulse will (other things being equal)
increase the SNR. On the other hand, “advanc-
ing” the tracking point increases the likelihood
of skywave contamination—and consequently
of incorrect TDs. The 30 usec tracking point
strikes a practical compromise—the SNR at this
point is sufficiently good for most navigational
purposes, and the likelihood of skywave con-
tamination is small.

However, navigators who venture into
“fringe areas’—areas near the limits of Loran-
C coverage—may find that the SNR at the
normal tracking point is insufficient for reliable
navigation. (Popular cruising areas which could
be termed “fringe areas” include the Bahamas,
Bermuda, portions of the Gulf of Mexico, and
the area south of San Diego, CA, on the West
Coast, particularly the Baja Peninsula.) Although
skywave contamination is a threat, mariners
who cruise in these fringe areas may wish to take
a calculated risk and alter the tracking point in
order to have a sufficiently strong signal for
navigation. USCG cannot assume the responsi-
bility for Loran-C fix accuracy if cycle-stepping
is used.

Many receivers permit this tracking point to
be altered by a technique known as cycle step-
ping. Simply put, cycle stepping advances the
tracking point of the pulses received by the
master and the secondaries so as to provide a
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greater SNR. (Deliberate use of skywaves is
another approach to navigation in fringe areas
discussed in Appendix H.) Again, the owner’s
manual for the specific make and model of
receiver should be consulted for the specific
“mechanical” steps (i.e., the sequence of buttons
to push) necessary for cycle stepping.

f reduced and possnbly unknown:
acy The USCG cannot guarantee fix
uracy__nf this techmqu_e is used,

The conceptual procedure for cycle stepping
is straightforward. First, it is necessary to deter-
mine the vessel’s position as accurately as pos-
sible, noting the correct TDs (from a loran
overprinted chart) corresponding to the vessel’s
position. Second, it is necessary to disable the
- ATS function of the receiver and manually
select the GRI and secondaries for use. Next, it
is necessary to override the automatic tracking
Jfunction. Once these three steps have been com-
pleted, the tracking point on the master and
secondaries can be advanced (in 10 usec incre-
ments) until an acceptable SNR results. Usually,
the master signal is cycle stepped first (by, say,

10 usec or 20 usec), and then the secondaries are
stepped the same number of cycles. If both the
master and the two secondaries are advanced by
the same number of cycles, the observed TDs
willnot be changed. (Advancing only the master
will decrease the measured TDs, while advanc-
ing only the secondaries will increase the mea-
sured TDs.) If the master and the two secondar-
ies are cycle stepped by the same amount, the
vessel’s indicated position will return to the

position originally noted, or to the vessel’s
“actual” position (give or take the basic loran
accuracy). If the master and secondaries are not
stepped by the same amount, the difference must
be applied as a correction to the observed TDs.
For example, if the tracking point of the master
were advanced by 20 usec, while those for the
two secondaries were advanced by 10 usec, 10
usec would have to be added to each TD to
determine the vessel’s correction position.

Users should bear in mind that the limits of
loran coverage are calculated based upon both
SNR and accuracy criteria. Operating outside
the limits of the published coverage diagram not
only increases SNR problems, but also operates
the vessel in areas of decreased loran accuracy.
Recall from Chapter III that the absolute (and
repeatable) accuracy of the loran is a function of
geometry (i.e., gradients and crossing angles).
Areas of low SNR (for which cycle stepping
may be required) are also likely to be areas of
“poor” geometry where the accuracy of the
system is degraded.

Cycle stepping may be appropriate if there is
no viable alternative, but operation in areas of
low SNR must be done cautiously—and with
due allowance for the fact that accuracy may be
considerably degraded or compromised by ei-
ther geometry or skywave contamination. Obvi-
ously, positions so determined must be regarded
with particular suspicion, and should be verified
by all other available means.

Cycle steppmg is an'advanced techmque‘,
that can increase the usable ]
loran system. Use of cycle steppx
‘creases the risk of skywave conta
tion, and positions so determmed mu ,beﬁ
_treated with: skeptncnsm ’
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FIGURE V-5. LAY OUT COURSES AND SET XTE ALARMS
TO PROVIDE AN ADEQUATE MARGIN OF SAFETY WHEN
POSSIBLE LORAN POSITION ERRORS ARE CONSIDERED.

SAFE DISTANCE
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LORAN ACCURACY

SHOAL, ROCKS




Y-18 Loran-C User Handbook

Plan Courses and Waypoints Considering
Loran-C Accuracy

As noted in many places in this document,
the absolute accuracy of the Loran-C system
within the defined areas of coverage is between
approximately 0.1 and 0.25 nautical miles—
repeatable accuracies are significantly better.
One obvious consequence of these accuracy
limitations is that courses should be planned
with these limits in mind. Where possible, sur-
vey the waypoints to take advantage of the
repeatable accuracy of the loran. If visiting an
area for the first time, ensure that courses (and
alarms) are set with due regard for the limita-
tions of this system. In many cases this is quite
easy to do, and amounts to nothing more than
laying out courses and waypoints that provide an
adequate margin of safety and allow the vessel
to remain well clear of charted hazards to navi-
gation. If this cannot be done, because the chan-
nels are too narrow or forotherreasons, the loran
should be assigned a supporting role, and other
methods of position fixing (e.g., optical bear-
ings and ranges, or radar) should be used as the
primary means of navigation.

Arrival alarms (if utilized) should be setat a
distance which enables the lookouts to have
sufficient advance warning of an approaching
waypoint in cases where this waypoint is a
physical object, such as a buoy or light tower.
Cross-track error alarms should be set if hazards
to navigation require more precise navigation.
But these alarms should be set with a safety
margin to allow for Loran-C error.

Figure V-5 illustrates this point. Here the
waypoints, route, and cross-track error alarm
distance are laid out so that the vessel will have

ample clearance from the two shoal areas. The -

appropriate amount of safety margin is a matter
of judgment, and should consider whether or not
waypoints 04 and 05 are known to within the
repeatable or absolute accuracy of the system. If

physical constraints (e.g., shoals to the east) do
not permit a sufficient safety margin, then use of
buoys, range markers, danger bearings, radar
fixes, etc., should be planned.

Preplan Dockside and Cross-Check Data
Entry

Operator error accounts for the majority of
accidents or incidents caused by faulty naviga-
tion. This holds true for use of all navigation
systems, including loran. Human errors associ-
ated with loran use include conceptual errors,
such as a failure to understand the accuracy
limitations of the system or the use of bias
corrections in anarea farremoved from the point
of calibration, and operational errors, such as
entering the wrong coordinates for a waypoint,
and allowing this error to go undetected because
of insufficient cross-checks among various navi-
gational systems. Such errors underscore the
need for constant vigilance in navigation. The
following ideas may prove useful to reduce the
likelihood or consequences of human error.

Entering data into a loran receiver (e.g.,
waypoint coordinates, routes, adjusting the ASF
corrections, etc.) is much easier at dockside,
when the vessel is not rolling or pitching and the
operator is not distracted by other duties, than
while underway. This is particularly important
in small craft where the operator is also the
navigator. Indeed, the vast majority of the data
entry (aside from storing waypoints underway
or switching “pages” in the receiverdisplay) can
be completed well before the mooring lines are
cast off at the beginning of a voyage.

Where possible, have someone else cross-
check data entries, such as waypoint coordi-
nates. Often the person entering the data will
miss certain types of errors (particularly trans-
position errors, as latitude 41 04.6 in place of
latitude 41 40.6) that are more easily detected by
a second person. Commercial aviators do this
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when loading coordinates into inertial naviga-
tion systems as a matter of routine—the co-pilot
checks entries made by the captain. Distances
and bearings from waypoint to waypoint taken
from the nautical chart can be matched against
the receiver display as an added check on data
entries.

Carrying a second loran receiver (indepen-
dently programmed) furnishes another check on

the vessel’s position and also reduces the likeli-
hood of bothreceiver’s being inoperative. Prices
of lorans have fallen to levels so low that carry-
ing a second receiver as a backup is a very cheap
form of insurance. (Carrying an entirely inde-
pendentnavigationreceiver, such as GPS, would
protect the mariner against system failures of
either system. This would be a costly option
given present prices for GPS receivers, but these
prices will decrease in the future.)





