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Introduction 
This chapter draws upon the material presented in other chapters as a 
foundation for practical advice on the use of the Loran-C system. 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 
comments relevant to aviation users are also included. 
 
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 familiar to most navigators, and 
many sources (e.g., the Light List and the US Coast Pilot) report the 
coordinates of navigationally important objects only in this coordinate system. 
For this reason, many navigators prefer to use latitude 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 aviators) use loran on a day-to-day basis. Nonetheless, there are some 
instances when greater accuracytens rather than potentially hundreds of 
yardsmay 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 receivers 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 II) on most receivers. As 
noted in Chapter III, however, there is presently no industry standard for this 
conversion process (though one is reportedly under development), and some 
receivers are much better than others in this regard. For applications 
requiring the greatest navigational accuracy, TDs are to be preferred to 
latitude and longitude. This section provides additional detail on this 
important topic. 
 
The reader might be puzzled at the advice to use TDs in preference to latitude 
and longitude. Specifically, the reader might pose the following 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 vessels true geographic position), but if I use the same 
receiver to return to the same indicated position (in latitude and longitude 
coordinates) wouldnt I be exploiting the repeatable 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 preferring 
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 
that the receiver is programmed to include 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 indee 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 a presurveyed waypoint.  



 
However, remember that the ASF corrections 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 that receivers will sometimes use different secondaries at the same 
position (depending upon, inter alia, the respective signal strengths of the 
received signals from the various secondaries). Assuming that the same receiver 
is used, it is only if the same chain, the same secondaries, and the same ASFs 
are also used, that the mariner can assume that the latitude and longitude will 
be within the repeatable accuracy of the Loran-C system. Moreover, there are 
two other circumstances where the correspondence between 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 determined if the ASF 
corrections were in use. Second, 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 another receiver with different 
ASFs were used. For this reason, published waypoints are typically given in TD, 
rather than latitude and longitude, coordinates. 
 
 
For greatest repeatable accuracy, ensure that the receiver is tuned into the 
same GRI and same secondaries as were used when  
saving  the waypoint originally. Also ensure that the same ASFs are being used.
 
 
It is important to note that most loran receivers store waypoints in memory as 
latitude and longitude coordinates regardless of how these coordinates were 
actually entered into the receiver. In the process of storing these 
coordinates, ASFs then in use will be applied to the TDs to calculate the 
latitude and longitude to be stored in the receivers 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 
differences will be small and within the published absolute accuracy of the 
system, but could nonetheless be 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, it is 
useful to record all TDsnot just the two TDs in use1so 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 navigation modei.e., 
when navigating to a waypoint using range and bearing information, the user 
should be careful to check that the same secondaries 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. 
 
 
Record TDs of all usable signals in the waypoint log, not just those in use by 
the receiver at the time. 
 
 
Another aspect of ASFs and latitude/longitude conversion that should be noted 
is the receivers ASF logic when using the loran in a planning mode. The 
receiver can be used to convert the coordinates of a waypoint fom 
latitude/longitude to TDs. In principle, the receiver 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 vessels current position and not 
the ASFs corresponding to the actual waypoint location for the conversion. This 
difference could be of little consequence if the waypoint were close to the 
vessels 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 owners manual.) In 
the case related by Jones, the waypoints being converted were along the Maine 
coast and the vessels 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 errora figure in excess of the absolute accuracy specifications 
of the system. The point of this illustration is that the user should become 
familiar with the specific features of the particular loran. Although Jones 
(1989) raised this point in connection with only one make and model of 
receiver, the above point is more general. 
 
Whether or not the gain in 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 2 channel in 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 accommodate 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 manufacturers. To use this feature, the 
mariner travels to an accurately known locationoften a dock at the marinaand 
manually enters these known coordinates into the loran, either directly, or as 
differences (called  
deltas  in some owners 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 longitude 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 receivers memory to replace (or supplement) the 
prestored values.3 At best, this correction includes all the factors normally 
considered in ASF corrections, but also reflects 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 another location, the 
correction would be slightly different. 
 
Within what range is this  
local area correction  valid? Table V 
1 provides a sampling of published estimates, ranging from approximately 10 
miles to 100 miles from the point of calibration. Although these values are 
given for perspective, the mariner should determine empirically the limits in 
waters frequently cruised. The mariner should also give some consideration to 
the calibration point. For example, the mariners 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 locations only a few hundred yards away.4 Even if the 
mariners home port is not affected by anoalies 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 
much the ASFs vary over the region of interest. And, as even a casual 
examination of DMAHTCs ASF tables will show, the variation in ASF can differ 
significantly, depending upon the chain, secondary, and location. Therefore, 
none of the estimates given in Table V 
1 should be accepted uncritically. 
 
 
Bias or  
home port  corrections can be useful. However, the mariner should determine 
experimentally the area over which a fixed bias correction should be used. 
 
 
Those who elect to use an offset correction should also be aware that the entry 
of this correction effectively alters the apparent locations of any waypoints 
stored prior to establishing this home port correction. Finally, users should 
refer to the owners manual for directions on how to enter this correction and 
for other relevant particulars. For example, on some lorans, 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 waters, 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 presents itself for an accurate fix. DePree (1987), for example, 
claims that daily site-specific bias corrections enabled Loran-C position 
accuracies of 0.5 miles or better when cruising in the Bahamas. This area is 
not included in the coverage diagrams for the 7980 chain, and uncorrected fix 
errors of five miles or more are common in these same waters. This  
poor mans 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 meansa point emphasized 
below and throughout this Loran-C Handbook. The United States Coast Guard does 
not encourage the sole use of any one navigation system in any potentially 
hazardous waters, much less when operating in areas outside 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 secondaries or chains. 
May (1987) recounts just such an experience 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 secondaries5 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 cautionary tale. 
First, bias corrections should not be used in or near areas where chain or 
secondary switches may occursuch 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). Mays account 
does not mention that this procedure was usedrather, 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. 
 



 
The bias or offset should be removed whenever the GRI or secondaries are 
changed. Otherwise the correction may decrease, rather than increase the 
accuracy. 
 
 
Practice Often and in Good Weather 
Mariners should become thooughly familiar with the operation and performance 
characteristics of their loran receivers. The best way to ensure the required 
familiarity is by frequent practice. As noted in other chapters, loran manuals 
are not always well written, and many loran sets have idiosyncracies that are 
not thoroughly documented in the owners 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 owners manual while underway. This practice can be put to good 
use when weather or other conditions 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  aspects of operation of the loran receiver. But another important 
reason is to gather useful data on such elements as loran accuracy (both 
repeatable and absolute), typical SNRs, waypoint coordinates, etc., in areas 
frequently traveled. The material on these topics in this Loran-C Handbook is 
as complete as possible, but cannot reflect all relevant site-specific 
information. For example, SNRs measured at the receiver are a function of the 
distance from the various transmitters (as noted in Chapter III). In principle, 
these distances could be used to calculate contours 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  
performance 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 statistical control chart6 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 Delaware River, docked at a fixed Search and Rescue Detachment (SARDET). 
The dashed line in this figure represents the average of the SNR readings 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 manufacturers minimum SNR for reliable signal reception (denoted by the 
shaded area in Figure V 
1) throughout this period, but the trend evident in these data points to some 
adverse 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 factorssee Chapter 
VIIbut the point of this example is that these data can be used to advantage.  
 
Entries in the performance log should indicate the vessels 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 conditions 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 
secondary. 
 
 
Maintain a receiver  
performance log  to record SNRs, status ndications, and fix accuracy estimates. 
These data can be used to detect shifts, trends, etc. 
 
Yet another reason for noting SNR measurements 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 receiver may fail to track the appropriate point (3rd positive zero 
crossing in the pulse, see Chapter II) and instead track another zero crossing 
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 measured TD(s) (and 
thus the vessels 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 indicators work 
well. However, the user should also be alert to the potential for this problem 
to ariseparticularly 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 point is  
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 vessels 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 waypoint log) so 
that the lorans repeatable 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 
confidence 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, navigators should 
never abandon the practice of maintaining a DR plot. (Methods and graphical 
conventions for construction of a DR plot are beyond the scope of this 
handbook, but can be found in any text on coastal piloting or navigation.) 
Absent sophisticated interfaces between the loran, fluxgate compass, and a 
speed sensor, the only way the navigator can estimate the set and drift of the 
current is by comparing the vessels DR position with a contemporaneous fix. 
Therefore, one major purpose of the DR plot is to enable estimation of set and 
driftand 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 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 exampe (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 
plausibility 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 assuming that one or both of the TDs were +/ 
 10 usec in error. If any of these alternative positions 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 
excellentbetter than 99.7% availability for any given triad. However, the 
availability of the onboard receiver may not attain these levelsparticularly 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 navigator should establish a definite 
interval for recording fixes. The loran receiver is continually updating the 
vessels position (every few seconds or so), but the advice here is to record 
the loran fixes in the voyage log or navigator's workbook and to plot the fixes 
on the nautical chart. (Before the advent of coordinate converters, mariners 
had to plot the TDs to determine a position on the chart, but automatic 
converters eliminated this requirement.) The fix information should include the 
coordinates, secondaries in use, SNRs, and a notation describing any pertinent 
status indicators (e.g., SNR or cycle flags). Not only is this fix information 
necessary for computing current set and drift (from a comparison 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 vessels speed, frequency of course and/or speed 
changes, and the navigational hazards posed by the route. Appropriate fix 
intervals could range from every 3 minutes or so (for a fast 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 confirm any loran fix by other 
methodsparticularly 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 adjustment for the tide height if necessary) with the charted 
depth at the fix to verify the fix. Of course, if the water depth does not vary 
appreciably 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 
in verifying positions. Certainly, spotting a buoy in the wrong position 
(Humber, 1991) ought to alert the navigator to the need for special vigilance. 
 
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) that 
partial loran information is available. For example, the receiver may be able 
to display TDs, but the latitude/longitude conversion and navigation functions 



may be inoperative. Alternatively, only one TD may be available 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, limited information should be regarded with healthy suspicion, but 
should not be disregarded entirely. 
 
Another example of the use of limited information is as follows. It frequently 
happens in the HHE/HHA phase of navigation that loran cannot be used as a 
primary navigation systm (say because either absolute or repeatable accuracy is 
insufficient to navigate a narrow channel), but that loran information can be a 
valuable supplement. In the narrow channel example above, it may well be the 
case that loran could not be used to determine whether or not the vessel were 
in the channel, but the loran readout (in conjunction with the observed 
position in the channel) could be used to determine a fix. In essence visual 
observation would determine one coordinate 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 receivers have a route function that enables 
the navigator 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 owners manual for this information.) Waypoints used can be entered 
by actually visiting each and using the receivers  
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 receivers 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 arranged so that these correspond to 
points where the vessels 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 number in 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 that 
have to be made while the vessel is underway. 
 
It sometimes happens that the navigator wishes to by-pass any individual 
waypoint in the route sequence. Figure V 
4 illustrates this situation. 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 waypointsa handy 
feature. However, this feature must be used with care, and only after the 
navigator has determined that the direct leg between waypoint 02 and 04 (in 
this example) can be traversed safely. Remember, the loran receiver has no idea 
of the hazards to navigation or water depths along any route. There may, in 
fact, be an island between waypoints 02 and 04! It is the mariners 
responsibility to lay out each route on the nautical 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 
features are intended to facilitate navigation, not to eliminate the need for 



common sense. 
 
In some cases a route may have been defined but, for one reason or another, the 
navigator may 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 enable 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 departing a harbor in 
good weather can save waypoints along the way to define a route and merely run 
ths route in reverse waypoint order to return safely to harbor. 
 
Cycle Stepping 
In Chapter II, and elsewhere in this handbook, it is noted that the Loran-C 
receiver is programmed to track on the third positive zero crossing of the 
loran pulse30 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 strengthuntil a point approximately 60 usec from the start of the pulse. 
Therefore, setting the tracking point further into the pulse will (other things 
being equal) increase the SNR. On the other hand,  
advancing  the tracking point increases the likelihood of skywave 
contaminationand consequently of incorrect TDs. The 30 usec tracking point 
strikes a practical compromisethe SNR at this point is sufficiently good for 
most navigational purposes, and the likelihood of skywave contamination is 
small. 
 
However, navigators who venture into  
fringe areas areas near the limits of Loran-C coveragemay 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 responsibility 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 stepping. Simply put, cycle stepping advances the tracking point of the 
pulses received by the master and the secondaries so as to provide a greater 
SNR. (Deliberate use of skywaves is another approach to navigation in fringe 
areas discussed in Appendix H.) Again, the owners 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. 
 
 
IMPORTANT DISCLAIMER! 
Use of cycle stepping can enable the usable range of Loran-C coverage to be 
extended. However, this procedure entails the risks of fixes of reduced and 
possibly unknown accuracy. The USCG cannot guarantee fix accuracy if this 
technique is used. 
 
 
The conceptual procedure for cycle stepping is straightforward. First, it is 
necessary to determine the vessels position as accurately as possible, noting 
the correct TDs (from a loran overprinted chart) corresponding to the vessels 
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 function. Once these three steps have been 
completed, the tracking point on the master and secondaries can be advanced (in 
10 usec increments) 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 will 
not be changed. (Advancing only the master will decrease the measured TDs, 
while advancing only the secondaries will increase the measured TDs.) If the 
master and the two secondaries are cycle stepped by the same amount, the 
vessels indicated position will return to the position originally noted, or to 
the vessels  
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 
vessels correction position. 
 
Users should bear in mind tht 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 cautiouslyand with due allowance for 
the fact that accuracy may be considerably degraded or compromised by either 
geometry or skywave contamination. Obviously, positions so determined must be 
regarded with particular suspicion, and should be verified by all other 
available means. 
 
Cycle stepping is an advanced technique that can increase the usable range of 
the loran system. Use of cycle stepping increases the risk of skywave 
contamination, and positions so determined must be treated with skepticism. 
 
 
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 milesrepeatable accuracies are significantly better. One obvious 
consequence of these accuracy limitations is that courses should be planned 
with these limits in mind. Where possible, survey 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 
limitations 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 navigation. If this cannot be done, because the channels are too narrow or 
for other reasons, the loran should be assigned a supporting role, and other 
methods of position fixing (e.g., optical bearings and ranges, or radar) should 
be used as the primary means of navigation. 
 
Arrival alarms (if utilized) should be set at 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 
 


