






















































































































































































































































































































































































































Table 6 

Sample NOTAMs 

1 Loran-C Normal 

- Loran-C available in all of New England 

1 Primary Triad Fails 

- Loran-C unusable in Mass., R.I., Conn,: 
Available for en route navigation only 
in Maine, N.H. and Vt. 

1 All Triads Fail 

- Loran-C unusable in all New England 

81 181 12 00 31 

Loran-C Normal 

M Seneca Good 

s Nantucket Good 

s Caribou Good 

Carolina B Bad 

Dana Good 

Cape Race Bad 

~---------------------------------------------

REIN IT 
HELP 

TEST 
DATA 

STOP 
MSG MNT 

Figure 5 Sample Monitor Display 

Three types of events can occur to cause the monitor to change 
operational mode. These are detailed in Table 7. When an event occurs, the 

status of the monitor changes. The ADU provides both audio and visual 

indication of chain and monitor status. An event which causes a change in 

status triggers the audio alarm and changes the light configuration on the 

ADU. When the audio alarm is sounded, the operator may override the alarm 
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with the override switch on the ADU front panel. This is a temporary 

override, however, and the audio alarm will be retriggered in two minutes if 

the operator does not acknowledge the system status change by using the 

special function keys on the HP-85. 

Table 7 

Monitor System Event Types 

Event Type Examples 

Chain Problem Station failure, TD slip, high 
Signal-to-Noise (SNR), Blink, ECO 

Monitor Problem Receiver failure, antenna failure 

Scheduled Event Scheduled station outage for 
maintenance 

Depending on the type of event detected, a particular class of 

lilessage is printed for operator information. Once an event has been 

detected by the monitor, the operator can use the SFKs to acknowledge 

the event and then take the appropriate action. In the case of a chain 

problem, the operator may issue a NOTAM to the general aviation 

community. A monitor problem may require that the monitor be take 

offline, tested and repaired. A scheduled event may require that a 

NOTAM be issued, or may require no action at all. 

CONCLUSIONS 

Using off-the-shelf, low-cost components, the JAYCOR Prototype 

Loran-C signal monitor provides a reliable, flexible tool for assessing 

the capability to provide fixed ground monitoring of Loran-C signal 

quality when Loran-C is used as a navigation aid for general aviation. 
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lr1 addition to the monitor's prototype role, it provides a basis for 

developing additional functions: The HP-85 computer has significant 

additional processing capacity and the monitor could become part of a 

distributed monitoring system if provided with communications 

capability. The modular and structured nature of the software would 

simplify the task of developing an intelligent data collection system 

with local data reduction and editing capability. Table 8 ·summarizes 

these factors for future expansion. 

Table 8 

Factor Affecting Future Expansion 

1 Additional machine capacity available 

1 RS-232 Interface available for remote communications 

1 Could become part of a distributed network 

• Easy modification to perform Loran-C data collection 
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ABSTRACT 

FAA CERTIFICATION -- IS IT REALLY WORTH THE EFFORT? 

J.C. Hart and R.H. Wehr 
Aerospatiale Helicopter Corporation 

Loran-C, despite its technological and system maturity, has had far less 
impact on the aviation community than its newer counterparts, the Omega 
and VLF Navigation Systems. Evidence of this apparent disparity can be 
seen in the volume and effects of regulatory documentation and industry 
standards pertaining to each of the systems. Further indication can be 
seen in the levels of knowledge and awareness of system capabilities 
displayed by potential users. There is a stark contrast in the solu
tions to operational requirements implemented by those users and the 
capability afforded by Loran-C for the same requirements. For example, 
only a small percentage of CONUS airports and heliports have FAA author
ized instrument approaches. Additionally, there is a need for naviga
tion reference, flight following, and vehicle control and dispatch in 
the adjacent offshore areas. Loran-C counterparts can partially satisfy 
the navigation requirements, but they lack the accuracy to fill the re
maining roles. The intent of this paper is to focus attention on pre
sent regulatory and certification activity, while highlighting the tech
nical problems associated with that activity. The question is posed: 
11 Is FAA certification really worth the effort? 11 

Bob Wehr 
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"FAA CERTIFICATION - IS IT REALLY WORTH THE EFFORT?" 

AUTHORS: J. C. Hart and R. H. Wehr 

ABSTRACT: 

Loran-C, despite its technological and system maturity, has had far 
less impact on the aviation cormnunity than its newer counterparts, the 
OMEGA and VLF Navigation Systems. Evidence of the apparent disparity can 
be seen in the volume and effects of regulatory documentation and indus
try standards pertaining to each of the systems. Further indication can 
be seen in the levels of knowledge and awareness of system capabilities 
displayed by potential users. There is a stark contrast in the solutions 
to operational requirements implemented by those users and the capability 
afforded by Loran-C for the same requirements. For example, only a s~all 
percentage of CONUS airports and heliports have FAA authorized instrument 
approaches. Additionally, there is a need for navigation reference, 
flight following, and vehicle control and dispatch in the adjacent off
shore areas. Loran-C counterparts can partially satisfy the navigation 
requirements, but they lack the accuracy to fill the remaining roles. 
The intent of this paper is to focus attention on present regulatory and 
certification activity, while highlighting the technical problems as
sociated with that activity. The question is posed, "Is FAA certification 
rea 11 y worth the effort? 11 

Assessment of Airborne Use 

Despite Loran-C's system maturity, accuracy, and potential capabilities, 
it has had relatively 1 ittle user impact when compared to such systems 
as OMEGA and. VLF. This is, perhaps, best illustrated by the September 
1981 Rotor and Wing article, "How Do North Sea Pilots Rate Their Navaids.'' 
Capturing the disparity of system use, the article states, 11The engi
neers at Global came up with a new model that used the best of either 
VLF and/or OMEGA signals. This model, the now famous GNS-500A, was 
such a vast improvement over the (GNS-200) that Hel ikopter Service now 
uses it in all offshore helicopters. 11 

The disparity is evident in the certification level achieved by the 
Global equipment. The GNS-500 is approved for enroute instrument flight 
rules (IFR) and visual flight rule (VFR) navigation. Caveats have been 
placed upon it precluding use as "sole means of navigation 11 in terminal 
areas or for instrument approaches and departures, but these caveats have 
had 1 ittle impact on sales to potential users. Other VLF/OMEGA referenced 
systems have achieved similar certification success. The major portion 
of the four-page Rotor and Wing article was devoted to discussions of the 
GNS-SOOA. One small paragraph of the same article mentioned Loran-C, and 
only three of the pilots interviewed acknowledged any experience with 
Loran-C. 
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Further evidence of the disparity is illustrated in FAA Advisory Circular 
91-49, General Aviation Procedures for Flight in Atlantic Minimum Navi
gation Performance Specifications (MNPS) Airspace. The directive cites 
in its 1 ist of acceptable equipment combinations, dual inertial navigation 
systems (INS), dual OMEGA, single INS with OMEGA update, and si~gle dop
pler with OMEGA update. Loran-C, in any combination, is excluded from 
the 1 ist. AC 91-49 was promulgated in 1978. 

Decision Near 

Time is slipping away. The fol lowing quote appeared in the.Apri 1 20, 1981 
issue of Aviation Week and Space Technology. 11By theend of 1982, the 
Federal Aviation Administration is scheduled to rec01T111end whether the· De
fense Department's Navstar Global Positioning System (GPS), or Loran-C 
should be adopted as a future replacement for the long used VORTAC nav
igation system, under the terms of the recently issued Federal Radio
navigation Plan." Activity in the market place reveals that large expen
ditures are being made in the research and development of GPS. Further, 
the latest design and manufacturing technology is being applied to the 
development. In the final analysis, the number of active and potential 
system users will have a major influence on the decision. 

Opportunity Knocks 

There is a total of 'approximately 13,000 military, civil and private air
ports in the United States. Additionally, there are 4000 heliports of 
which about half are located in adjacent offshore areas. Less than 15 
percent of the airports and even fewer heliports have any IFR approach 
capability. Considering the relative ease with which heliports can be 
established, as compared to cumbersome airport development programs, sig:"'. 
nificant increases in, the number of heliports should be anticipated within 
the next decade. 

The March 1981 edition of Pr0fessional Pilot revealed that the free world 
has approximately 22,000 helicopters and forecasts an increase in that 
number to 31,000 by 1985. The article further stated that the helicopter 
will probably outpace the manufacture of any other type of aircraft. 
Stimulating the growth rate in helicopters is its utilitarian capability. 
Aerospatiale Helicopter Corporation, for example, has a backlog of almost 
700 aircraft. Clear indication of helicopter interest was exhibited by 
the 8600 people attending the Helicopter Association International (HAI) 
Convention held in Anaheim, California this past January. 

Glen Gilbert, of HAI prominence, cited the following growth factors in his 
article, "Northeast Passage. 11 Industry is seeking to move out of high 
cost areas, relocating in smaller surrounding communities. Life for the 
employees is more relaxed, and the company obtains the benefits of lower 
investment, land, and overhead costs. The helicopter provides the mobil
ity to executive and marketing personnel to permit such moves. One air 
cargo company is presently making plans to move its fixed wing operations 
to low traffic 11feeder 11 airports and shuttle its cargo to the large metro
politan terminal areas. The savings in overhead more than offsets the 
investment and operating expenses of the helicopters, and return a tidy 
profit as well. 
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The recent PATCO strike provided further impetus to decentralize air 
operations. The wholesale replacement of large numbers of air control
lers, of necessity, was accompanied by a decrease in scheduled. air traffic 
to major terminal control are~s. The training problems imposed by the 
replacement process wil 1 hold the reduced traffic level relatively con
stant for quite some time. Maintaining present operations, and providing 
for some modest growth potential,- wi 11 require operators to further decen
tralize their activities. 

The quest for additional petro-chemical development in the offshore areas 
uses the helicopter as a vital link in its growth. No other vehicle can 
function so effectively in that environment. With the gre>Wth, comes the 
demand for more efficient vehicle tracking for flight safety. In addition, 
costs can be significantly reduced by optimum assignment of aircraft in 
day-to-day operations. The latter is highly dependent upon knowing where 
each aircraft is. Hence, vehicle tracking serves two purposes. The FAA 
Southwest Region is presently experimenting with Loran-C Offshore Flight 
Following (LOFF). Teledyne TDL-711's are being used in combination with 
VHF communication data down I inks in that project. 

These are but a few of the many diverse roles fulfilled by today's hel i
copters. The common denominator for all of these roles is "IFR Capabil
ity.11 Loran-C could be a major factor in providing that capability. 

Required Navigation Characteristics 

Helicopters need wide area navigation coverage which includes the adjacent 
offshore areas. The navigation system must provide highly accurate posi
tion information. Pilots must depend upon their equipment to pinpoint 
an oil rig sometimes as far as 150 miles offshore. Adverse weather de
mands that the same navigation system, in concert with any other available 
navaid, facilitate an instrument approach and a safe landing on the plat
form. The system signals must be avai lab Le at low altitude great distances 
from navigation sources. User equipment must be reliable, maintainable, 
and low in cost. 

Equipment Requirements 

The lmpl ication chain, IFR capability implies FAA certification, ultimately 
ends with the requirement for FAA approved equipment. Avionics manufact
urers quickly recognize this as the Technical Standard Order (TSO) process. 
Historically, the TSO uses as foundational documents the Minimum Oper
ational Performance Standards established by the committee activities of 
the Radio Technkal Commission for Aeronautics (RTCA). Loran-Cat 
present has no qualifying TSO. RTCA document D0-159 does provide minimum 
performance standards for airborne Loran-C receivers, but it is woefully 
inadequate. FAA concern for the aspects of "master independency" and 
"chain reconfiguration" are not even addressed. At the very least, a re
vised 00-159 must be produced. That action can only be initiated through 
user or industry demand. Without a TSO, each manufacturer must 11go-it
alone11 in establishing "equivalence of qual ity 11 to a TSO for his equip
ment. 
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FAA Certi f i.cat ion Di 1 emnas 

The FAA, motivated by a need to assure the safety of the aviation com
munity, must adopt a conservative attitude toward certification. 
(Motivation quite often is stimulated through intense user demand.) 
Therein 1 ies the dilemma. While trying to sort out such problems as 
"suitability of the signal 11 in the airspace, the FAA must struggle with 
adapting established procedures to new situations. Flight checking of 
instrument airways and approaches, for example, is done by individually 
flying each and every route segment. How then can it adapt such in
spection techniques to a navigation system which affords an infinite 
number of route segments. A companion problem 1 ies in determining the 
compatibility of the established VORTAC system (with its attendant 
aberrations and perturbations) and other wide area or electronic grid 
navigation systems. This is particularly critical when aircraft operating 
with either equipment must operate in close proximity to each other. 
Pressure is further applied by the proliferation of more 11alphabet 
systems 11 such as ATCRBS, B-CAS, HLS, etc. If progress is to be made, 
the Loran-C community must step in and help. FAA Loran-C certification 
has, to date, taken the following three modes: 

-Restrict the use within the National Airspace System (NAS) to very 
strictly controlled conditions 

-Permit the use only if supplemented by VOR navigation information. 
Loran-C information, under this provision, must be locked out of the 
navigation solution during instrument approach operations 

-Permit the limited use in narrowly defined geographic areas for which 
extensive Loran-C flight data is available. The NASA/DOT/FAA project 
in the State of Vermont is an example of this mode of 1 imited certifi
cation. 

Summary 

The question has been posed 11 FAA certification-is it really worth the 
effort? 11 Problem areas confronting Loran-C have been high! ighted, and 
the balancing motivational factors have been presented. Only the Loran-C 
community can answer the question. If the answer is negative, aviation 
must forego sorely needed IFR capability. If the answer is affirmative, 
there is a significant level of effort required, and very 1 ittle time 
remaining. Which will it be? 
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GAO PANEL DISCUSSION 

GAO REPORT (GPS AND LORAN-C) 

Technical Chairman: John D. Illgen, Kaman Tempo 

Panel Members: Walt Dean, Morrow Electronics 
Capt Jim Culbertson, US Coast Guard 
Leo Fehlner, APL/JHU 
Lloyd Higginbotham, EPSCO 
Jim Van Etten, ITT 
Barney Ambroseno, EPSCO 
Ed McGann, Megapulse 

John Illgen - I would like to point out that there is a lot of lit
erature that goes back quite far. The GAO report is dated 18 September 
1981 but the first real critical report on the Loran-C system that I 
found was back in 1978 which brought up many of the same issues that are 
in the current GAO report. This is something that has not occurred 
overnight; it has occurred over the past few years. It's a report to 
the Secretary of Transportation. The item on the front of the report 
says: "DOT should terminate further Loran-C development and moderni za
ti on and exploit the potential of the NAVSTAR Global Positioning Sys
tem." That's pretty direct. This report is addressed to The Honorable 
Drew Lewis, the Secretary of Transportation who resides at 400 7th St., 
SW, Washington, DC 20590. Key items in the report and indications from 
the GAO state that the Loran-C system is not needed by the early 1990s. 
They caution against further Loran-C investment. They indicate that the 
Secretary of Transportation should be more involved with GPS to insure 
timely availability of low-cost civil receivers and that GPS should be 
considered a national asset and they make some statements that, I feel, 
are unfounded about the proliferation of navigation systems. I think 
that earlier, Admiral Manning made some comments that should certainly· 
put that to rest, particularly when he talked about the dynamic versus 
static rates. Very key point. 

GAO's perception of DOT. What is it? DOT continues to develop, 
expand, and improve navigation systems that GPS could replace. DOT has 
devoted little effort to GPS evaluations, capability for marine and 
land. DOT has not initiated a program to develop and demonstrate the 
technology for low cost GPS receivers. GAO concerns and these are con
cerns that are pointed to the Coast Guard. The Coast Guard should re
commend to the Secretary of Transportation the future role of GPS versus 
Loran-C and again in that pa rt of the report they comment on the 1 ow
cost GPS receivers. They indicate some dollar values about the opera
tional aspects of Loran-C until the year 2000. I personally do not know 
if these numbers are correct or not but they claim that they're current
ly 35 million per year now. By 1 84 they'll be 60 million per year. By 
1984 I'm not sure myself today what the importance of those numbers are 
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but I'm sure we ought to find out. Another GAO concern regarding Coast 
Guard is the DOD pl ans to 'discontinue Loran-C in the early 1990s. Many 
of us on DOD programs know that many of the DOD SPOs and military pro
grams aren't planning for that. I know of 2 that we're working on where 
that's not in the cards. The spending of 25 million to replace existing 
Loran-C transmitters was questioned by GAO also. They also came down 
upon RSPA which is part of DOT and said there are not enough dollars to 
evaluate the overland GPS usage. Not enough dollars for Loran-C land 
use in genera 1. The result, further expansion of Loran-C in terms of 
dollars is 22 million. Then there were some issues that 'I felt were di
rected at both the CG and RSPA combined. Again these were in terms of 
dollars. The past four years they claim that 6.7 million dollars were 
to develop and demonstrate Loran-C land and marine applications whereas 
1.2 million was steered towards GPS which they indicated based on those 
dollar figures is a bias towards Loran-C. 

Now I would like to, after the other panel members say something, 
summarize my thoughts on the issue but I 1 d now 1 i ke to turn over the 
microphone to Leo Fehlner. 

Leo Fehlner: For the last three weeks or so I've been tracking 
this and I think others have been too. I've been tracking it in Wash
ington and had many conversations with some people, many people, some of 
whom are in Congress and have made a series of notes on what I believe 
the situation some of which may be redundant with what John has just 
said but I'm going to go through it because that's the way I see it 
1 og i call y. 

Point 1. Mostly on the basis of the GAO preliminary draft of their 
investigation, the House of Representatives has deleted from the Coast 
Guard's 1982 budget the line item for Loran-C improvement. This was to 
go to replace some transmitters or solid state transmitters or some 
other things, I think. 

Point 2. The GAO has sent to DOT a formal memorandum relative to 
the Loran-C versus GPS. Also there's quite a bit of material supporting· 
their position, they think. 

Point 3 is kind of a long one and I'll go through it as quickly as 
I can. The central theme of the GAO report, in my view at least, is 
well developed, and on face value it cannot be contridicted. To do so 
is to call people liars and you can't do that. So here are the points 
that I think they make: GPS is going to go. GPS will provide geodetic 
accuracy. GPS receivers will not be prohibitively expensive. I don't 
subscribe to some of these things but this is what the report says. GPS 
will provide position fixes as good as Loran-C. GPS will do this con
tinuously all around the world except the Polar caps with a high data 
rate. GPS user base wi 11 be 1 arger than Loran 1 s therefore prepare to 
use GPS and phase out Loran-C. That's the gist of that report, I think. 

Certain specifics of the GAO report are just plain long and others 
can be argued with on the basis of your technical judgment. 
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Point 4. However, the GAO report is final. It is therefore too 
late to discuss the specifics of the GAO report relative to the 1982 
budget. 1982 budget is essentially fixed. 

Point 5. The Department of Transportation is required by law to 
respond to the GAO recommendations by 17 November 1981. Their response 
has got to be to the House committee on Government Operations and to the 
Senate Committee on Governmental Affairs. 

Point 6. The GAO recommends among other things 'that the Coast 
Guard develop tentative plans to phase out Loran-C by mid-1990s. 

Point 7. In 1983 the DOT and the DOD are currently planning to 
decide the best mix of nav aids for air, marine, and land use. 

Point 8. If the DOT supports GPS at this point, that is 1983, pub-
1 ical ly announce the Loran-C phase out plan which by the way GAO would 
like to have happen in the early 1990s. 

Point 9. The WGA position on these matters needs to be developed 
and polmagated. 

Point 10. I 1 ve listed my suggestions as to possible action items. 
A. Let future events take their course and the WGA will plan its last 
gallop convention. B. As soon as possible respond to the DOT with a 
response relative to the GAO memo. C. Perhaps recommending that DOT 
take the same position as the Navy did on GPS. That 1 s an interesting 
thing, the Navy 1 s position on GPS. l 1 ve read the letter the CNO wrote. 
It says that we're happy with what we've got. It satisfies our require
ments. We don't expect it to stop satisfying our requirements necessar
ily on its own. And when you can show us that you have a GPS system in 
place and declared operational we'll then consider converting to it. 
And I think that 1 s a good position to take. D. We could wait until we 
could see the DOT response to this memorandum which they're committed to 
deliver to the Congress by 17 November. Then we could possibly wait to 
see the 1983 plans for phase out and then take some real presipitious 
action at that point and be preparing for such a thing in the meantime. 
E. This is the one that I like and I think the WGA should stimulate a 
series as long as we can keep it up. A series of writing campaigns to 
let Congressmen know that votes depend upon keeping Loran. That can 
even be on a basis of motions pushed. If enough people tell them that 
they seem to believe it. Failing all these and others that, I 1 m sure, 
will come forward then we should advise the WGA members how to cope with 
GPS. Get ready for our big gallop. That's all I have to say at this 
point. 

Capt J. Culbertson: Well my input to start out with on the panel 
will be a report on as I know it today on what the Coast Guard 1 s plan
ning to do about the GAO report as conveyed to me by Commander Pealer 
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with some recommendations or some thoughts to put across to the WGA con
cerning how the Coast Guard feels about the whole affair. First, the 
Coast Guard rebuttal has gone to the Department 1 s representative, Dr. 
Harvon of RSPA who is coordinating the CG/FAA/TSC rebuttal and to pre
pare what will become eventually the DOT response to Congress that Leo 
Feldner says is due 17 November 1981. The input that is being prepared 
for approva 1 by Secretary Lewis wi 11 be put before the Federa 1 Radi onav
i gati on council for a meeting on Wesnesday, 28 October, and they will 
review this and make their recommendations and are looking for their 
support in this response the Secretary is going to send 'forward to this 
group people who I 1 m familiar with includes: Rear Admiral Bauman,.and/ 
or the commandant of the Coast Guard 1 s representative to this council. 
Appropriate officials of this stature from the FAA, RSPA, Secretary 
staff, and of course the DOD reps on this council. So that will be the 
input that will be prepared and put forward to Congress. It would be my 
impression at this stage of the game, knowing how things work back 
there, it is probably too late for a WGA input to affect the content of 
this response at this time. I think that anything that our WGA does has 
to follow along behind this. In following up another comment that Leo 
made, the fiscal year solid state transmitter funds were deleted by the 
House Appropriations Committee and it is the Coast Guards 1 opinion that 
if these funds are not restored we must scratch our transmitter buy and 
if we don 1 t buy this year when we are increasing it that we are making 
it very highly probable that we 1 ll never be able to put forward a satis
factory economic analysis that would convince people to make those pro
curements. So we think its extremely important that the funds be re
stored in the 1982 budget. The Coast Guard will do everything they can 
on their part to develop. In fact, they have provided an economic anal
ysis that is included in the letter going back to Congress that will 
justify the solid state transmitter and this is done based upon the re
placement of the FBN42 transmitters station sets and the only recommen
dation or consideration that has come out from our people is that per
haps there is some mechanism for which public hearings could be held be
fore the appropriations are finally terminated. This might be one ave
nue to get an input from a wide spectrum of users and other people who 
have a direct interest in Loran-C. Another area that the CG would like 
to, and this is one that I've been after for years, the Coast Guard does 
not have a good user data base and (I think we all ought to appreciate 
this) the user data base is a difficult data base to acquire. An exam
ple of a lack of good data base is a national plan for navigation of 
those of you who are familiar with it has certain parts of it that by 
1981 or 82 there will be something of the order of 2000 marine users of 
Loran-C and I think a count that we took last week by doing some general 
polling around that the number of receivers is something around 100,000 
now. So the data base is not accurate. The GAO I 1 m sure is looking at 
whatever data 1 s available to them. Leo points out that it 1 s a good 
thesis that if the data is available they might be able to make strong 
arguments. From what's been said we think the data base is an area that 
needs to be improved. We feel that WGA can perhaps play a role in help
ing to get the user data base in hand. I think that 1 s a wide spectrum 
data base. Its users; "its looking ahead. The data base includes what 
industry is planning and perhaps what's in peoples marketing minds for 

209 



the future on equipment and a lot of other areas. It all involves what 
the user is using and what they will expect to be using in the future. 
The Coast Guard, of course, is concerned with the way the GAO report has 
stated accuracy, expectations for GPS/NAVSTAR and comparing that to the 
absolute accuracy of Loran-C and, of course, we feel that this is an is
sue that I'm sure will be included in this letter that's going back to 
Congress. There's more to be said about it in the future particularly 
zeroing in as Admiral Manning said on the ability as opposed to the geo
detic accuracy of the system. We believe, as Admiral Manning pointed 
out at lunch, that the CG cannot go out and tell people to or themselves 
write letters but we would encourgage that the users, individual users, 
affiliation of users, representative of users, somehow be able to convey 
their needs and concerns to the Secretary of the Department and to mem
bers of the Congress, particularly to the House Appropriations Commit
tee, and that this should be a continuing thing and not just something 
that di es after the magic date of 18 November shows up here when the 
report goes out. I think we 1 re all sensitive to the fact that even 
though words l 1 m sitting up here as a Coast Guard officer telling you we 
should be doing things, I'm not asking you to go out and do the Coast 
Guard's job for them but I think that it 1 s important that we work to
gether to get the true facts before Congress and before the people who 
are making decisions on the future of the system which we consider to be 
a valuable national asset in which a lot of us have worked very hard to 
have installed. Those basically are my comments for now. I have some 
things I would like to say later when we wrap up. Thank you. 

Walt Dean - My comments are of a technical nature largely. First 
of all I assume that all of you know how GPS works. In general, it's a 
spread spectrum system with two sets of codes. One called the CA for 
Clear Acquisition Code which is supposed to be unclassified and be use
ful tQ anyone and the P code which is presumably to be classified and 
which is supposed to be the highly accurate code. Now, we ran some 
tests using a Magnavox Z set which uses only the CA code. We ran these 
a few years ago and we discovered somewhat to SAMSO 1 s and the Air 
Force's embarrassment that the accuracy you could get with the CA code· 
itself is something in the order to 50 and 100 feet. This is absolute 
accuracy. Then they started talking about the probability of degrading 
the accuracy by introducing some sort of jitter into the code so that 
unauthorized users would be about to obtain accuracies only to a quar
ter of a mile and so what they presumably are going to do (although it 
depends upon what particular time you talk to them whether this is ac
tually going to take place). But presumably it will and that is the 
planning on which is based and so you then have to say: Okay, here 1 s a 
system that 1 s been jittered and so the accuracy is only one-quarter mile 
and that means it 1 ll be a quarter mile anywhere. But then they start 
double-talking and say: Well, but then you may be able to get a differ
ential system where you could put a receiver in and operate in a differ
ential mode and get back your accuracy. But if anyone can do that, that 
means the enemy can do it and they wouldn 1 t want to put in something 
where they could do that. It doesn't make any sense that such a thing 
could be possible. They also make a comment in this report that perhaps 
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they would allow certain users somewhat better accuracy but they can let 
certain users on an unclas~ified basis have better accuracy and not let 
everyone have better accuracy is a 1 i ttl e di ffi cult to see because if 
anything is unclassified it most certainly is in the hands of the enemy. 
You get into that problem and now you're in a situation where you have a 
system whose accuracy can only be a quarter mile as opposed to the dis
cussion that we just had here in which we talked about the repeatable 
accuracy of Loran-C where you can get considerably better than that and 
Leo, of course, has been running experiments where he talks about get
ting accuracies down to measure of feet. Those things are actually use
ful and extremely important. Not only that but they are important to 
people who have aeronautical and terrestiral uses and the papers that 
were given today are of importance in that respect also. The other sub
ject, of course, is one of cost. And the fact that they put in there an 
apples and oranges assortment of estimates of costs for Loran receivers 
and GPS receivers. It's, of course, very difficult to obtain a good 
estimate of the cost of a nonexistent receiver wil 1 be. The guy who 
would like to get a contract to design and build one will tell you how 
cheap it will be and someone else may have a different opinion but one 
way of estimating may be to compare it with the cost of a transit recei
ver because transit is a similar sort of a system. It depends upon us
ing satellites which fly around and whose afirmers has to be known in 
the afirmers has to be transmitted down to the receiver and the receiver 
has to use that information on a real-time basis in order to figure out 
where it is and so the computational problem of a satellite receiver 
which must use this complex code must use the complex information as to 
the path of the satellite is considerably more difficult as opposed to 
that of the Loran where you are measuring a relatively simple transmit
ted pulse operating from fixed locations of the transmitters and so the 
computational problem for the Loran receiver is that much easier and so 
it should be possible to get a reasonable guess as to the comparative 
cost of the GPS and the Loran receiver from the comparative cost of the 
transit and Loran receiver and the transit receivers typically run two 
or three times the cost of the Loran receiver. It will be probably al
ways be that way because of the additional complication required. Both 
of those points are things that are weaknesses in the GAO report which 
essentially result if you apply those to the reasoning which is carried 
out in the report. You will then come to a different conclusion as to 
whether we should be continuing to push forward on Loran or whether we 
should abandon all Loran. Of course the title is a nebulius thing be
cause it says exploit the potential and you cannot exploit the poten
tial, the potential isn't there. You can really only exploit things 
that you have and the potential is not there and it might possibly never 
be there. That's about all I have to say. 

Barney Ambroseno - What I want to talk about is what I can do to 
bring this to the user. One thing I want to do first is read an article 
of one or two paragraphs from the Wall Street Journal I made a copy of 
on Thursday, July 9, 1981, which wasn't too long ago. Rather than read 
the whole thing I'm going to take one little short excerpt which says 
that just as this argument is warming up potential NAVSTAR users pro
ducts there is news in Congress. The House Arms Services Committee 
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abruptly says NAVSTAR should be terminated and denied all th~ money that 
is requested for the coming fiscal year. In a report accompanying it, 
weapon procurement, the Corrmittee said the new fiscal 8 billion dollar 
projected cost is starting to rise. NAVSTAR fate will be decided in the 
House negotiations with the Senate which has already approved next 
years' money. However, the AF apparently doesn't feel totally devasted 
about having to delay this project. The NAVSTAR data after all would be 
mainly used by non Air Force free loaders. Indeed, a certain amount of 
attention can be involved in the intentional use of the navigation sat
ellites created for military purposes. Currently, 93 percent of all 
Loran-C system users are civilians, Americans, and foreigners. This was 
not too long ago, just a few months ago when all of a sudden you get 
this type of report from the GAO. Apparently someone other than the GAO 
is pushing for the demise of Loran-C. One thing that I cannot under
stand is if you can maintain and service a transmitter on land where you 
can walk or ride to how are you going to take care of a sate11ite that 
breaks down in space that needs cleanup and maintenance. Also what is 
the lifetime of a satellite? Is it six years as they say? If it is six 
years thats a pretty costly thing. It'll continually need to be replac
ed. I think this is very, very important to us where transmitting can 
be maintained for on and on and on. The Co 1 umbi a cannot get to the 
satellites from what I understand. It cannot fly that h-igh. My plans 
at the moment are to get this information from this document to all the 
manufacturers and see if they can do what I'm trying to do. I plan to 
have sessions with the fishermen who are probably the most boat con
scious and if the particular representative of our state, Mr. Studs, who 
is involved with fisheries and marines, have meetings with him and a 
group of fishersmen, or perhaps fishing organizations instead of fisher
men themselves. Then the next step would be to get to all of the fish
ermen in some form or way: get a letter off or a memorandum off to the 
agencies that are most responsible. What I propose the WGA should do is 
to have a system proved to them before any change is made to Loran-C. 
This cannot be done until we have a navigation GPS system up there fully 
implemented. And I have to agree that this quarter-mile system is im
practical only if you can actually in many places measure from one side 
of the Gulf to the other side without moving your ship or taking the· 
antenna off a longer ship and go from the bow to the stern with an accu
rate measurement. I don't think you're going to be able to do that with 
GPS. I don't think they plan to get across the GPS down low enough to 
realize that. That is going to hurt the Loran system. And I think that 
one of the things that I plan to do is set up a letter plan to involve 
the many, many users we have here in the United States and Europe. I 
know that when I was in Europe a short while ago I visited a fishing 
area in Italy in the Adriatic coast. They were so impressed with Loran
C that when it was working well they said it was fantastic. When they 
took a couple of rides out and they hit a buoy and came back, went back 
to that buoy and the numbers were the same. They really thought it was 
fantastic. How are we going to tell these people when we told them a 
short while ago you must have a Loran receiver within a 200-mile limit. 
You cannot enter. In Norway I was told we will buy the cheapest 
receiver we can buy just to meet that requirement because there's no 
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telling what the United States is apt to do next, they took Loran-A away 
from us, they might just as well take Loran-C away from us. How real 
those words are. My father says this country is sure but uses a lot of 
procedures. 

Jim Culbertson - I have to apologize for not being too orderly in 
my thoughts and I really didn't prepare. Three years ago I gave a paper 
in Plans '78 in San Diego right here in Mission Bay. The paper was 
cal led Loran-C and Sea Faring the Shadow of GPS. I have reprints of 
that if anyone wants to write to me and get them or, of course, you can 
refer to Plan '78. But I think that everything I said then is even more 
applicable today than it was then. GPS is going forward. GPS is a good 
navigation system. I don't think there's any question on that. It has 
the capabi 1 ity to fly very high geodetic accuracy and it i sn 1 t cheap 
however. The Military has been funding the program for only one reason 
and that would be because it has a mil ltary potenti a 1. And assuming 
that that is still true, that it has a military potential, they probably 
will continue to fund the program. They should not fund it, however, 
for a civil application, this is not a good way to spend defense money. 
If it has a military potential they should fund it, it will get imple
mented, eventually like all other good military systems it wi11 become 
available to the civil community in due course. It took Loran-C 20 
years to get there and it will take GPS 20 for a good civil application. 
On the other hand maybe the military wil 1 not fund GPS. It is not a 
survivable system. If it is not a survivable system what does it bene
fit if there would be an all out war. They'll certainly turn it off or 
the Russian's will turn it off. One or the other. If it's a benefit to 
the Soviets they'll leave it on and we'll turn it off. If it's a bene
fit to us militarily they'll turn it off. Assuming that military fund
ing continues it will be determined to be a useful system for military 
purposes it certainly is indeed useful whether or not the expenditure is 
worth the potential for peacetime navigation is questionable. But if 
they do the satellites are in place, receivers have been made workable, 
civil community will benefit and will probably benefit from whole accur
acy of the system. But if it is just put up for mi 1 itary purposes and · 
millions of taxpayers really don't want that system to be made available 
to civil users, if that is it's ultimate purpose, then they better fund 
it from the DOT and fund it from a civilian application unless DOD is 
spending their money on things . Going back to Loran-C, Loran-C, I 
guess, justified the expenditures of keeping Loran-Con the air and 
modernizing on the basis of cost. That's the only way one can justify. 
They start modernizing their statements, and reducing the manning level 
they will save money. The taxpayers will save money and the Coast Guard 
should answer this GAO report with a plan and puts it very clear that 
there will be money studied by the taxpayers by the modernization pro
gram by the reduction of the manning level. WGA's position should be an 
objective, practical position. We have to respond and recognize what 
the value of GPS would be to the community but how is it going to be 
paid for. Are we going to invoke a users tax? It's a fairly expensive 
system to keep in place. It's primary application in civil use really 
need a worldwide authority to pay for it. I have really no other com
ments at this point but I would like to refer you all back to the paper 
that was written much more than hearing what I've said (I think): 
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Jim Van Etten - Tape distortion. 

Lloyd Higginbotham - Tape distortion. 

Ed McGann - Tape distortion. 

John Illgen - Thank you Ed. Before we open the discussion up on 
the floor I would like to turn over the discussion to Leo Fehlner. 

Leo Fehlner - I would like to reinforce Ed 1 s view that GPS might be 
the one that's really in trouble and 11 11 show you these books and you 
can look at them as you wish or you can take notes on them and get your 
own copies. Here 1 s the one that set it all off in 1978. It says, "Nav
igation planning needs new direction." This has to do with prolifera
tion of NAVAIDS. In the next one I have (these are in chronological 
order). Here's one for the Congress. Same GAO report. "The NAVSTAR 
Global Positioning System -- A Program With Many Uncertainties." 1979. 
Remember these titles. The next one I have is 1980. It says: 11 NAVSTAR 
Should Improve the Effectiveness of Military Missions -- But the Cost 
Has Increased the Systems." These reinforce Ed 1 s other view that the 
fellows that do this sort of work don 1 t have any ax to grind: they pick 
at everybody. One other thing, I would like to say something having to 
do with what Walt said. He said that they were going to degrade the CA 
channel so that you could get only a quarter-mile accuracy. If they do 
not degrade it, it will be a single-frequency channel which is subject 
to the ionospheric problems and the amount of accuracy you will be able 
to get with that one frequency will vary with the sun cycle which is an 
11-year-old cycle and may vary between 150 and 200 meters. 

John Il 1 gen - Thank you Leo. Before we present the WGA near term 
action items, which will of course change as time goes on I would like 
to open this up to the floor but if you have a comment please come up, 
we will give you the microphone, and give us your name. 

Eric Slauson - I 1 d like to take up mostly on the comment that Leo 
made when he spoke originally. I read the report. I had no doubt what 
the gentlemen from GAO were saying. It comes through loud and clear. 
It is unambiguous. I may perhaps have a 1 ittle advantage over some. 
Keep in mind differential now has been adopted by France, Portugual, and 
numerous other places. There are a couple sides to that corner. But 
one thing that is technically true and always has been. Loran-C is a 
good system. Don 1 t make the mistake in saying that GPS is necessarily 
bad. I have used it. I won 1 t refer to using it. It does work. If you 
can afford it is another question. Regarding the Navy 1 s position. It 
was alluded that the Navy was sitting back. I think there are two as
pects at least in the Navy. The Navy is not ignoring GPS. There is a 
Naval officer at SAMSO. We at the Naval Systems Center are now and have 
in the past done work with GPS. There are distinct Naval problems: how 
you can use an antenna from ship. What about moment path on the ship? 
There are quite a number of questions unique to the Navy. What about 
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pitch and roll? Those types of plans. The Navy has been active in that 
regard. Some people in the Navy have experience and are enthusiastic. 
Some of the people who are definitely not enthusiastic are the ones who 
have prime money instead of equipment. Let's take the first one back. 
The main point I would like to make is the report does come through loud 
and clear. The authors obviously did their homework. Perhaps Congress 
has more time for bean counting than it does in engineering. But, that 
is the point that needs to be addressed. Whey they come down and refer 
to the solid state transmitter replacement their position was very am
biguous. They talked to Coast Guard people. The answer they got back 
was the vacuum to the transmitters. On the other hand, they ta 1 ked to 
the solid state people. And the problem from that side was the solid 
state transmitters themselves. As far as the point, the main problem 
here is the economic justification. You read the report it does not say 
the Coast Guard should carte blanche any solid state transmitters. What 
it says is it ought to be argued on the economic ground one side at a 
time. This is cost effective for that particular side. What they have 
gone through in some detail is their economic justification and I think 
any counterarguments would have to be on those terms. They should cer
tainly be done conservatively. 

I would like to say just 2 things. I think that the few of us who 
are here from the Coast Guard have all at one time or another been faced 
with a GAO audit of some kind. They're people doing a job and the type 
of job they 1 re doing is helping you work and eventually you find that 
they are helping quite a bit. Some are real good at their jobs; some 
are experts. Some are not so good because they are people being ob
served. The few that were involved in this over the years were very 
good people. They 1 re protecting their job and consequently they're 
fighting bad information that makes a point in their report. That 1 s 
what they're hired for. In the Coast Guard itself all of us have been 
faced with these questions. I don 1 t think anything put in the report is 
meant to be total attack. They were out there doing their job. I think 
then on our side a number of people probably could have given them accu
rate and the right answers are few and far between. 

John Illgen - Is there anyone on the floor or on the panel who 
would like to say anything before we start our summary and present our 
action items? 

Capt Cul be rt son - In response to Ed McGann 1 s comments on writing 
cards and letters to the Coast Guard I would only recommend that any in
puts to the Coast Guard be based on something other than pure emotion. 
I think that is going to go to just a deaf ear and they might agree with 
you but perhaps do no good because Ed makes a very important point. 
There's no central place back there right now in Coast Guard Hq which 
has any axes to grind about Loran-C in now that we've now done our im
plementation and installation. About the only active thing now regard
ing a bunch of engineers working together is getting this transmitter 
thing sorted out. But as far as working on a day-to-day basis with the 
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rest of the Loran community and trying to percipitate and get thoughts 
going back and forth as ha~pens when you're working with these systems 
afterward, simply isn't going on. There isn't a program office per se 
as there is for GPS/NAVSTAR. The inputs that, if I were back there now, 
I'm trying to put my hat around and put myself back in that position 
where I'm responding to an input I think there would have to be some 
things to support the facts that are needed to provide good input from 
us, the Coast Guard, during things such as hearings and other times. 
The facts that we need regarding the users as I mentioned, facts that we 
don't have information on that addressed the specific issues in the GAO 
report where there a re some economic and other types of data needed 
where we might not necessarily have in our possession. That would be my 
comment on that. I think that if you are going to go to the next step 
here, John, I would say that I would agree too that perhaps we would 
need to go to: What are we supposed to be doing? What do we have to do 
in the way of a job? Who's going to do it? When does it have to be 
there? Who does it have to go to? Would be my comments. I would say 
that from the CG standpoint, they're going to continue with CDR Alexan
der's program and ours to maintain contact and create contact with the 
users and with the Loran manufacturers and people who have been so help
ful to us in the past in maintaining a close relationship and contact 
with the people and I hope we can utilize this conduit to perhaps pro
vide some of the user information that I think is desparately needed on 
a day-to-day basis. 

Bob Frank - Tape distortion. 

Jim Culbertson - Tape distortion. 

Barney Ambroseno - Tape distortion. 

John Illgen - Now I would like to discuss near-term action items 
and believe me if anyone has a good suggestion I know that all of the 
Board of Directors and the officers of WGA will accept those suggestions 
at any time. For the near-term we would like to use the newsletter to 
get out the names and addresses of the peop 1 e these letters should be 
written to. This means simple addresses like the DOT secretary, Con
gressmen, people on the various committees. Those types of organiza
tions. Leo Fehlner has a list of some of those people and their addres
ses here today. If you \'/ant to obtain that, you may do so today. I 
feel very strongly that these letters should be written and that they 
should be very factual. I feel like Ed does that they should come from 
individuals and corporate types. I think those letters should recognize 
the attributes of both systems (that 1 s a personal thought). I think 
there has to be a very careful distinction between the civil and the 
defense applications. Some of our NATO allies like to have their own 
independent systems, whether its communication, navigation, whatever. 
I think we have to obtain a clear understanding to the accuracy that's 
going to be available and to whom. Those are questions that have to be 
raised. We know what we can do with Loran-C. As Jim Van Etten said 
earlier we have been dealing with the propagation problems that are 
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unique to Loran, discovered ways to compensate for these propagation 
prob 1 ems. The GPS system has several types of error sources and so 
forth associated with ionospheric, tropospheric, range errors, delay 
effects, multipath effects in the treatment and applications of the 
aircraft and satellite, buoy and satellite, I could go on and on. It's 
just beginning to be looked at. It's not just a matter of putting up 20 
satellites and constellations and expect that once you turn it on you've 
got an operational system. There will be years and years of evaluation 
just as it has happened in other navigation systems. I guess I feel 
also from the GAO report, does the GAO recognize the enormous investment 
that the Coast Guard and the manufacturing people have made and just as 
Adm Manning had mentioned earlier today, it just seems like yesterday 
that we turned Loran-A off. What did that mean? It meant a great 
amount of expense to the Coast Guard and training people in how to use 
Loran-C. It took a 1 ot of investment from manufacturers to change 
plans. When you have a new change of product it costs a lot of money. 
There's the issue regarding receiver cost we brought up. Accuracy ver
sus dollars. That's a very crucial question. So I would hope that 
everyone thinks about those kinds of problems and many very excellent 
points that were brought up by the Board and Panel today. In the re
sponses, Leo Fehlner and I are going to work very hard on this next 
issue, in the newsletter. Our goal is to get a newsletter out in a few 
weeks. We hope that the WGA members in turn will contact people that 
you know. Perhaps every WGA member can contact ten people or so and get 
the story and facts across. One of the worst things we can do is write 
letters that do not contain facts. 

Walt Dean - John, may I interrupt a 1 i ttl e. When you say facts 
that brings me to the fact of some of the items you brought up which I 
don't think are quite facts. You talk about the possibility of retrac
tive errors, things like that. You don't have any hard facts. As a 
matter of fact, when we made our measurements using the Z state we did 
not observe any great errors due to the fact so I woul dn 1 t try to run 
down the GPS system. 

John Illgen - Wait, I don't think we should run GPS down. What I'm· 
saying is that there are error sources associated with any navigation 
system and theoretically there have been a lot of investigations that 
have shown different applications the require compensation of some of 
these error sources. You were looking at it in one way. But there are 
numerous others. 

Walt Dean - All I'm saying is that there is plenty of information 
that the system is inherently, sufficiently accurate to do anything you 
were going to do so that is not a point that should be emphasized in 
this discussion. 

John Il 1 gen - We 11 before we move away from that point that was 
made, Walt, an additional feeling is that the GPS system is not here 
yet. Today it provides no accuracy for many (not all) of the applica
tions we are discussing today. Complete tests for all applications have 
not been conducted because the system is not operating yet. Only 5 or 6 
satellites are now in orbit. 
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Walt Dean - That's not strictly true. The trouble with getting . 
to an argument like that i's that you get into a further series of namt.: 
calling and different things where you're not getting to the point. 
There have been tests and people are convinced that GPS can work and can 
provide the accuracy they're talking about. So I don't think there's 
any benefit to us to try to refute that argument. It's a generally ac
cepted fact and if we try to hang anything on that we' re going to be 
wasting our time. 

John Illgen - That point I'll accept (that is, tha·t GPS works so 
far). However, I do not believe you can turn a new system on and expect 
error-free performance. The magnitude of these errors could impact de
pending on individual requirements. Studies and tests have shown that 
GPS works. Also shown are interference factors (propagation) that can 
impact performance {again depending on requirements). More work has to 
be achieved to prove GPS User Performance. That is one of the reasons 
why the GPS program office plans a series of tests under Phase II. 

Walt Dean - I think the point in that discussion was the solid 
state receiver and that the fact that the transmitter and the GAO report 
states that the Coast Guard has not fully justified the replacement in 
terms of cost effectiveness. 

Tape distortion. 

Ed McGann - I'd like to make a few comments on the cost benefit and 
economic analysis. In summary specs on the solid state transmitter ec
onomic analysis done by the Coast Guard presented before this report 
calls out the economic analysis on a system-wide basis: completing a 
whole program due in 12 stations. GAO did not criticize the economic 
analysis of that report. What they did criticize was that we did not 
call individual stations that we were going to go. They claimed that we 
had a package program. We claimed this program was economically suit
able. And they went down in and tried to identify well this particular 
station was not possibly justified. You did not justify each increment 
of the program. Now what we have done subsequent to that and what was 
included in the Coast Guard rebuttal that had gone through the Secretary 
is breaking down the increment parts station by station and showing how 
each station fits into this overall program. True, some stations are 
not as economically benefi ci a 1 to change to so 1 id state as other sta
tions although they all show an economic cost benefit, yet the whole 
economic analysis for any one station depends on it being a part of the 
whole program. So these economic analyses have been completed by the 
Coast Guard. Now some previous economic analyses were in some ways a 
little bit misleading in that the solid state transmitter procurement 
and installation in itself is not economically beneficial. The solid 
state transmitter itself does not give us a cost benefit. The fact that 
the solid state transmitter allows us to implement a remote operating 
system to allow us some personnel reductions that installation is where 
the solid state transmitter achieves it cost benefit and cost analysis. 
That has been demonstrated. But the past that the GAO called out in the 
previous solid state transmitter were never put in such a respect that 
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they could be remotely operated. Even though you have less maintenance 
hour demand that does not ]ive you a personnel cost savings because you 
have to stand watches and people have to be there anyway. 

Capt Culbertson - In our cost benefit analysis, Ed by the way I'm 
not rebutting I'm perhaps just explaining what you said, were based more 
on comparing a vacuum to a solid state as an energy device and things of 
this nature and we did more on that because it was in vogue to do it at 
that time. I don't think we knew how we were going to control it and we 
had our reductions of people when we modernized our stations with our 
solid state timing equipment. That was our first personnel reduction. 

Ed McGann - Tape distortion. 
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ABSTRACT 

For the past two years the Coast 
Guard has been working with the Wild 
Goose Association to develop and pub
lish a Loran-C signal specification. 
One of the most difficult areas in
volves describing the signature actu
ally transmitted by Loran-C stations. 
This paper will address the signature 
of stations equipped with the AN/FPN-64, 
AN/FPN-44(A,B,etc), AN/FPN-45, AN/FPN-39 
and AN/FPN-42 Loran-C transmitters. 
This signature includes normal mainten
ance, pulse shape variation/control fine 
phase control, momentary outages, BLINK 
and recovery after transmitter failures. 
Correct interpretation of the signature 
can optimize receivers performance. 

INTRODUCTION 

The Coast Guard has been operating 
the Loran-C system for over 20 years. 
Representative of other radio/navi
gation systems, it was develoned in a 
"crash" manner to satisfy hig~ accuracy 
navigation requirements for the Depart
ment of Defense. In the ensuing years 
the sophistication of all equipment 
associated with the system has in
creased and Loran-C is certainly one of 
the most "tested" radio navigation 
system in existence. After twenty years, 
the Coast Guard, working in conjunction 
with the Wild Goose Association, will 
soon publish a Loran-C Signal Specifi
cation. This paper will address one 
area of that document, the signature of 
the Loran-C transmitters. 

TRANSMITTER MAINTENANCE 

Four distinct generations of Loran-C 
Transmitters have been designed and 
deployed. All are still in active use. 
The first three transmitter types were 
designed within 7 years of each other, 
although redesign and "tinkering" to 
achieve improvements has continued since 
installation. These three types, the 
AN/FPN-39,42,44/45 are all identical in 
that they use vacuum tube techcology. 
They are significantly different in size 
and maintainability. Each generation 
has physically grown, increased power to 
some degree and maintenance has de
creased. The tube transmitter station3 
all have redundant transmitters with a 

common antenna coupling unit. The 
fourth generation transmitter, AN/FPN-64 
differs radically in design from the 
first three as it is solid state and 
fail soft. All AN/FPN-64 sub-units 
are redundant, even the antenna coupler. 

Maintenance requirements for the 
transmitters reflect the type of design. 
The FPN-39 is relatively small and parts 
are cramped. :t requires 90 maintenance 
man hours per week (MMH/WK), Tech
nicians primarily clean air cooled 
components and recheck tube and relay 
performance. The AN/FPN-42 is larger, 
has bigger tubes, is easier to balance 
and requires only 70 MMH/WK. The AN/FPN 
4~/45 transmitters were designed for 
higher power and maintainability. Water 
cooling of the power amplifiers and 
walk in enclosures result in only a 35 
MMH/WK requirement. The AN/FPN-64 is 
essentially maintenance free, requiring 
only changes to air filters and occa-
s anal tests of the automatic recovery 
c rcuits. Comparisions of the trans-
m tters are presented in Table 1. 

TA3LE l 

LORAN-C TRANSMITTERS 

DESIGNATION 

AN/FPN-39 
AN/FPN-42 
44 & 45 
AN/FPN-64 

DESIGNED 

LATE 50's 
EARLY 60's 
MID 60's 
MID 70's 

PULSE CHARACTERISTICS 

MMH/WK 

90 
70 
35 
4 

For years it was known that receivers 
performed well when operating in a Loran 
C chain where all transmitters were the 
same, but occasionally had overlap 
indexing problems when receiving signals 
from stations with different transmitter 
types. It is impractical to manufacture 
a power supply with enough energy 
storage to permit building either 8 
identical pulses or identical pulses at 
a double-rated station as the rates 
cross through each other. Standardi
zation of the leading edge and pulse 
rise time plus introduction of new 
pulse building equipment did much to 
~i~igate ~he pulse variation p~oblems 
in ~he /O's. Leading edge of pulses 
f~o~ al~ transmitters have been matched 
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to within 2% of the ideal pulse shape in 
the region of 10-50 US in the pulse. 
While none of the transmitters are 
linear, it is possible to predistort 
drive waveforms in the tube transmitters 
and readjust trigger times in the 
FPN-64 to partially compensate for power 
supply sag. 

There is some variation t~rough the 
pulse trains, but it is held to within 
2 US. The pulse trains, especially at a 
double-rated station, actually are in a 
semi-stable state which requires inte
gration on the part of the receiver. 
The train of pulses is, however, pre
dictable in that once tuned, etc. the 
shape does not change and the composite 
envelope shape for a pulse train is 
stable. 

The carrier crossovers are affected 
to a lesser extent than pulse shape. 
The tube transmitters are driven at the 
third cycle vith 100 khz precisely (+10 
ns) phaselocked to the Loran-C time base. 
Integration time for the loop is vari
able with repetition rate but normally 
it is set to -wi-chin a fey seconds. 
Samples are taken on all pulses. Tube 
transmitters utilize push-pull stages in 
the final power amplifiers, and all use 
multiple tubes on each side. Tube 
balance and power supply droop can affect 
positive to negative carrier pulses 
differently and some phase offsets are 
produced. There is no "hunting" of the 
cycle control servo loop and balance is 
maintained. The AN/FPN-64 has servo 
loops which adjust fine-time firing of 
the pulse forming circuits, again phase 
locked to the Loran-C timing base. Fer 
al~ transmitters, the net carrier offset 
is balanced and stable vhen all pulses 
are sampled. 

All transmitters are closely coupled 
to the antenna and its characteristics 
are used to build the radiated uulse. 
The AN/FPN-39,42, and 44/45 tra~smitters 
have a common antenna coupler and fine 
tuning must be accomplished with the 
navigation signal interrupted. Normal 
component variations associated ~ith 
the antenna;'transmitter ~est caused bv 
-weather can produce -cuning 'rar:.at.:8ns" of 
:-2 khz. ~he ~es~:tant pul5e ~s a~~ected 

by these var~ations i~ the fifth and 
later cyc:es. ~here are nG tun!~g se~7os 

on these transmitters and ~t is there
fore possible to have cycle variations 
of ~ lOOns at the fifth cycle building 
to microseconds in the pulse tail. The 
AN/FPN-64 was designed to maintain a 
precise match and the coupling is 
maintained to a lOOkhz resource. This 
is accomplished by a special servo loop 
which drives an inductor in the antenna 
coupler. Table 2 summarizes the var
ation experienced in the transmitters. 
They are referenced about a mean 
racher than any cycle zero crossing. 

TABLE 2 

THIRD CYCLE STABILITY/ 
FIFTH CYCLE OFFSET 

·THrnD CYCLE 

39 +I- 75NS 
42 
SR +/- 25NS 
DR +/- 75NS 
4 LL & 4 5 
SR +/- 25NS 
JR +/- 75NS 
6Ll 
SR + - lONS 
DR+,- SONS 

MOMENTARY OUTAGES 

FIFTH CYCLE 

+/- lOONS 

+/- lOONS 
+/- lOONS 

+/- SONS 
+/- 50:-l'S 

+/- 25NS 
+/- 25NS 

All Soran-C transmitters occasion
ally cease transmission of the navi
gation signal. If the usable trans
mi3sion is interupted for less than 60 
seconds, the interruption is called a 
momen~ary. Tube transmitter stations 
designate one transmitter as operate 
and one as standby. The operate trans
~it~er is kept on-~ine for either a 
one or two week period, then the other is 
placed on-line. When a transmitter is 
in standby, routine maintenance is 
performed and use of load banks permits 
basic retest. Final proof can be 
obtained by placing the transmitter on
line ~or a brief period. Transmitter 
changes require a momentary transmission 
interruption and the stations try to 
li~i~ the number of =equired tests. 
Actual fdilure of the operate trans
mitter casualties are few and weeks 
~e~~een. ~he stanjby transmitter is 
p~aced an ~ine automatically and trans
missions ~etu~n, i~-to~erance, withi~ a 
min'.:..te. 
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The bane of continuous transmissions 
is the loss, or puturbation of com
mercial power. Most stations use com
mercial power due to the decrease in 
operating expenses. The stations with 
AN/FPN-39's are all on generator power. 
All the transmitters are automatically 
shut down if commercial power is lost, 
or there is a sufficiently large spike/ 
surge. The transmitters also return to 
normal operations after power is re
stored. All newly built Loran-C stations 
have automatic start generators and 
older CCZ stations are being retrofit
&ed. At present, only LORSTA Nantucket 
and Carolina Beach utilize commercial 
power and do not have auto-start 
generators. Momentaries vary from 
station to station, but typical perform
ance, for all interruptions, is presented 
in Table 3. 

TABLE 3 

TYPICAL MOMENTARIES/MONTH 

AN/FPN-39 
AN/FPN-42 
AN/F?N-44/45 
AN/FPN-64 

20 (GENSET POWER) 
40 (DR ON COMM'L ?WR) 
30 
20 (GOOD P',lR), 100 

(BAD POWER) 

After a transmitter switch, or signal 
interruption due to a power transient, 
all stations, regain transmissions in a 
very similar manner, and all return to 
normal transmissions in one minute or 
BLINK is initiated. The time periods 
associated with the signal interruption 
are contained in Table 4. 

TABLE 4 

SIGNAL AFTER TRANSMITTER CHANGE 
OR TEMPORARY POWER LOSS 

0-25 SECONDS 
25-45 SECONDS 
45-60 SECONDS 

NO, OR UNSTABLE SIGNAL 
SIGNAL WITHIN 2JONS 
SIGNAL IN TOLERANCE 

SIGNAL AVAILABILITY 

The Loran-C system is on air almost 
continuously. When the si5nal in~er
ruptions noted as momentaries are dis
counted, availability per station is 
comfortably greater then 99.9% when 
examined on a monthly basis. If a 
station is schedu:ed for some a~n~rma: 

main~enance operatic~, noti2e ~c mariners 

are normally issued 1-3 weeks in 
advance. Emergency off-air· periods are 
announced on local broadcasts. 

SIGNATURE INTERPRETATION 

Using the signal specification pro
vided by the Coast Guard and to some 
extent, tbiB supplemental information, 
it should be possible to further 
improve receiver usage to the navigator. 
Receiver design is certainly one of 
trade-offs. For years the Coast Guard 
has openly stated that use of later 
cycles for phase tracking can produce 
errors. A receiver tracking the 5th 
cycle of a chain using AN/FPN-42 trans
mitters could easily have 0.2 US errors 
without any contribution from noise. 
In a similar fashion, sampling on less 
than eight pulses for either indexing 
purposes or fine timing could produce 
some unusual results. Perhaps most 
frustrating to the user, However, 
is a receiver which initiates a five 
minute alarm due to monmentary loss of 
the signal. The stations either return 
to normal timing or BLINK within 60 
seconds. I have found an explanation 
of these receiver's performance 
virtually impossible to a newly trained 
user. 
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Operational Experiences With Precision LORAN Radionavigation Equipment 

LT John J. Anthony 
LCDR Andrew J. SealocK 

Office of Research and Development 
U. s. Coast Guard Heaaquarters 

Washington, o. c. 20593 

Results of last fall's field testing of the APL-built PILOT (Precision 
Intracoastal Loran Translocator) encouraged the Coast Guard R&D organization 
to deploy a system, consisting of a precision Loran-C receiver ana the PILOT, 
aboard units operating in the St. Marys River. The selected vessels included 
a Coast Guard 140' icebreaker tug, three ore carriers and a Canadian aias to 
navigation ship. Accuracies better than 10 yards are consistently reported 
while transiting the St. Marys River system, with the exception of winter, 
when offsets up to 25 yards were observed in places. We can not discern any 
appreciaole operator difficulty in using the system in its prototype state. 
As with any navaid, the confidence of the user in the accuracy of information 
appeared to grow directly with operational exposure but total reliance on 
this system, if it ever comes to pass, requires more operational usage and 
education in the fundamentals of repeatable Loran-C. 

A compact, portable version of this equipment was developed for Delaware 
Bay, where it is presently completing test. Initial comparisons of 
navigational performance between the short baseline St. Marys System and the 
long baseline East Coast Chain show little significant difference in oottom 
line capability. Operational evaluation with pilots of the local association 
is oeing conducted this winter. 

We can now 
Loran-C has been 
technology and is 

conclude precision navigation in restricted waters with 
and achieved with practical and economical equipment 

ripe for optimization in the competitive marketplace. 

INTRODUCTION 

The PILOT navigator (Precision 
lntracoastal Loran Translocator) is 
an OEM computer terminal adaptea to 
compute position fixes from Loran-C 
time differences and display 
pertinent navigation information on a 
CRT for the ship operator. For 
reference purposes, a •complete 
description of the technology and 
equipment are provided in a report 
entitled, "Precision Loran-C 
Navigation for the Harbor ana Harbor 
Entrance Area" (AD-A086001) 
(reference (1)). An abbreviated 
description is provided in the 
paragraph below. As reported in that 
reference, the first field test of 
PILOT was performed in October, 1979, 
and largely confirmed the results we 
had experienced in the development 
stages with the aid of a Loran-C 
simulator. Though no quantitative 
assessments could be performed at the 
time, the overall display agreed well 
with the vessel's position 
established with visual cues (e.g. 
when the display showed there to oe a 
buoy aoeam, one actually saw a buoy 
abeam). This Kind of confirmation of 

the system's accuracy was enougn for 
us to pursue an operational test in 

preparation for test deployment on 
commercial carriers. This paper 
reports on the operational test, a 
more quantitative analysis of PILOT's 
performance and tne results of a user 
evaluation aooard three commercial 
carriers. 

BACKGROUND AND DESCRIPTION 

Spurred by a charter to exploit 
Loran-C as a navigation system 
suitable for piloting in restricted 
waters, the Coast Guard has sponsored 
development of several user 
equipments that effectively transform 
Loran-C time differences into useful 
information for the ship operator 
Technical feasibility having 
previously been demonstrated, PILOT 
is the result of an approach which 
stressed the requirements of 
compactness and simplicity in a 
device that could be competitively 
produced. The Appliea Physics 
Laboratory (APL), chief designers of 
the equipment, chose to aaopt a 
microprocessor casea OEM graphics 
terminal, the HP2649, for the task. 
Development was very much user 
oriented with the final proauct a 
self-contained unit pictured in 
figure l. Output of the system 

224 



Fig. l - PILOT Terminal 

features a flexible combination of 
alphanumeric graphic and 

present at i on s • 

In previous developments, our lack 
of precision in predicting the Loran 
time differences pointed out the neea 
to physically tie several Loran and 
geographic coordinates together by 
means of survey. Survey technology 
developed for this purpose was 
reported in reference 1. These data, 
along with graphics coordinates for 
the CRT, are stored in separate files 
on a magnetic cassette tape. This 
becomes essentially a chart catalogue 
for the harbor of interest; the 
operator may initially index to any 
location and subsequent chart 
selection becomes automatic as the 
vessel proceeds along the channel. 
Both large and small scale graphics 
may be selected, the former featuring 
a scaled vessel image with channel 
bounaary/shoreline details. 

The system block diagram in figure 
2 shows the basic configuration of 
receivers and gyro compasses for 
PILOT operation. TD bias entries are 
made manually and the pr inter is 
optional. Figure 3 summarizes the 
functions taking place within the 
terminal. Transformed Loran data are 
used to continuously compute and 
update navigation parameters such as 
cross track position and speed for 
digital and graphical display. The 
operator may also select a numDer of 
features, such as prOJeCtion of 
future position. 

-1.C•M --
""""""' .-.. , .. ~~"-.... ,,_, ......... ..::.:::.,:a 

Fig. 2 - System Block Diagram 
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Fig. 3 - Functional Flow Diagram 

Field testing of PILOT was a 
successful demonstration of the 
survey and the navigation algorithms 
within the terminal software. 
I mm e di a t e l y e v id en t was the value of 
a high resolution (10 ns) ~eceivec, 

which provided precise data to PILOT 
for smooth, high quality output on 
the screen. All future installations 
then utilized an Internav LC404 or 
similar type receiver. The original 
goal of an accurate, compact, easy to 
use ana economical (system costs are 
less than $20K) Loran-C harbor 
navigator had 
What remained 
commercial user 
system. 

Deen accomplished. 
was to determine 
acceptability of the 

VALIDATION OF VISUAL SURVEY 

Two months after its first field 
tests; PILOT began service on an 
operating vessel with a trial 
installation aboard CGC KATMAI BAY, 
an icebreaker in the St. Marys 
River. Only on such a ship could we 
practically determine the performance 
of the Loran chain during the winter 
months, when this system shoula be 
more useful due to the scarcity of 
visual aids to navigation. However, 
only weeks after the installation, 
the winter navigation board voted to 
suspend shipping from 15 January to 1 
April, causing us to abandon all 
plans for winter operations. In the 
limited underway time we had in ice, 
some small shifts in the Loran-C grid 
were observed. Time and a policy to 
minimize iceDreaking, however, 
prevented us from examining it more 
completely. But the oDservance of 
these discrepancies po in tea out the 
need for a complete validation of 
PILOT'S performance prior to any 
commercial installation. Upon 
completion of an assessment of 
PILOT's accuracy for navigation, we 
could confidently inform the users of 
the first commercial installations 
exactly what they can expect. 
Furthermore, upon collecting user 
comments, it will De informative to 
compare their perception 
performance with our more 
evaluation. 
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To perform the validation, ~he 

computed output from PILOT and time 
differences from the receiver were 
input to an HP9845 desktop 
calculator. This machine was 
programmed to record th is data on the 
vessel's track ana draw a trackline. 
At the same time, an observer's 
estimation of the vessel's crosstrack 
position could be entered. The two 
positions appeared simultaneously on 
the display, which was later printed 
and recoraed on tape. Estimations of 
along track position were made in a 
similar fashion whenever ob)ects with 
known locations along the channel 
passed abeam of the antenna. 

Though the above description may 
read like a crude method of data 
collection, it in fact was very 
successful in pointing out areas of 
good and poor performance. Visual 
ranges in the St. Marys River are 
extremely sensitive so our reliance 
upon them with this methoa is 
justified, provided we made no large 
deviations from the centerline. With 
experience, it becomes easy to 
estimate to within 10 yards cross 
track deviations of up to SO yards. 
The obvious disadvantage of the 
technique is that it does not permit 
a verification of larger offsets 
which could be important in other 
harbors when the channel size per mi ts 
one to maintain a track to the right 
of the centerline. Validation 
techniques in such circumstances 
would probably include use of 
microwave positioning systems. 
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Fig. 4 - Consistent Tracklines 
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Fig- 5 - Trackline with Nonlinear Bias 

The program in the calculator 
performed the same function as the 
navigation routine within PILOT, 
providing a history of the vessel's 
path, referenced to a surveyea 
waypoint. An example plot showing a 
region where Loran determined and 
observer estimated positions agreed 
closely is shown in figure 4. This 
type of result was typical of most of 
the river. In at least two 
stretches, however, our validation 
confirmed a previously suspected bias 
in the signals, an example of which 
is shown in figure 5. Note that the 
time path of observations lies on the 
channel centerline while PILOT 
consistently shows the vessel 20 
yards to the left. At the waypo int, 
the navigation solution coincides 
with the observation, thereby 
valiaating the survey. One of three 
cnoices exists for resolving the 
cross track discrepancies. 

(1) Estaolisn one or two surveyed 
"track points" along the centerline . 
This will provide accurate navigation 
along the leg until the end, when the 
bearing angle between waypoint ana 
track point will be in error. 

(2) Deliberately move the waypoint 
20 yards, which will correct for the 
warp along track, leaving the very 
end in error. This is a satisfactory 
solution since a user will have 
turned or begun turning well before 
reaching a waypoint. 

( J) Mentally correct for this 
discrepancy when using the equipment. 

Looking 
entire 
exhibited 
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performance (i.e., 10 yard accuracy) 
and none exceeded 30 yards error. 
These, as in the example, were du~ to 
local anomalies and did not 
invalidate the survey. Wnile 
recognizing 
optimum, the 

this as less than 
uncompensated errors 

were not 
PILOT'S 
use. 

serious enough to prevent 
introduction into commercial 

COMMERCIAL USER EVALUATION 

PILOT terminals, LC404 receivers 
and gyro converters were then 
installed on three Great Lakes ore 
carriers for a three month 
evaluation. Size of the vessels 
ranged from 700 to 1000 feet long and 
up to 105 feet in breadth. 
Considering the requirements in parts 
of the St. Marys River to remain 
within a 300 foot channel, this 
evaluation promised to be very 
demanding of the navigation system's 
capabilities. Vessel operators were 
given some initial instruction on the 
use of the receiver and PILOT and 
provided with copies of operator's 
manuals for further reference. 
Additionally, units were installed on 
CCGS VERENDRYE, a Canadian Coast 
Guard buoy tender, and retained 
onboara CGC KATMAI BAY. 

Evaluators visited and rode the 
vessels periodically over the course 
of th is evaluation, taking notes on 
particular discrepancies that may 
have gone undetected during the 
validation. Equally important were 
the on scene observations of 
particular likes and disliJces of the 
operators with respect to the 
navigation display ana ease of 
operation. These were subsequently 
compiled for inclusion into future 
PILOT software revisions and new 
approaches in the preparation of data 
tapes. A brief but comprehensive 
questionnaire was distributed at the 
close of the three month evaluation 
period to which we received nearly 
unanimous response. 

Results of this user survey are 
presented in Table l. Note that 
there is considerable interest in 
using the equipment and, when working 
properly, appears to provide 
acceptable service with respect to 
accuracy. The question of navigating 
"blind" refers to using a combination 
of PILOT and raaar only. 

upon 
(the 

an 
St. 

unfortunately, our reliance 
experimental Loran-C chain 
Marys minichain) for the evaluation 

which coula 
the onboard 

caused several "failures" 
not be attributed to 
equipment. Participants, 
were understanding of this 

however, 
limitation 

and strove to evaluate PILOT 

Table 1 

IU••AaT •f l'ILOT OV&ITIO••Alal 
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independent of chain 
nonavailability. Certainly, use of 
the Great Lakes chain as the 
positioning data base will greatly 
improve tne reliability of the entire 
system. Whether the long baseline 
chain will provide the desirable 
accuracy remains to be seen. 
overview though, the user reaction 

In 
is 
of encouraging and our goal 

demonstrating practical 
economical precision 
navigation devices 
achieved. 

has been 

and 
Loran-C 
largely 

Written comments accompanying the 
questionnaires emphasized interest in 
becoming more familiar with PILOT to 
the point of requesting a 
re installation for the 1981 season. 
Also, the Canadian Coast Guard 
inaependently compared PILOT 
performance to a microwave 
positioning system and found them to 
be in close agreement. This then 
generatea interest in applying PILOT 
for the positioning function of buoy 
tending as well as general 
navigation.. Partly in response to 
these desires and in order for us to 
fully evaluate performance on a long 
baseline plans chain, our immediate 

conduct another grid survey 
Lakes Chain) of the St. Marys 

revise PILOT software 

are to 
(Great 
River, 
produce 
will 

and 
new data tapes. All of th is 

be provided to the same 
commercial carriers for the 1981 
season. The VERENDRYE, meanwhile, 
will be conaucting their own Loran-C 
survey of the buoys they service for 
eventual input to a specialized buoy 
tending data tape. 

PILOT GOES PORTABLE 

A second, closely related effort in 
Loran-C harbor navigation has 
involved the packaging of the PILOT 

•stem into a small hand carried box 
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Fig. 6 - PLAD 

designed for use by ship pilots. 
This self-contained unit consists of 
a Loran receiver and processor, ana 
houses a hand held data terminal, 
antenna and antenna coupler and power 
cord. Designed for use only in a 
particular pilot area, all the survey 
data is permanently stored in PROMS, 
eliminating the requirement for tape 
cassettes. Of course there are no 
graphics presented on the hana 
terminal, but two lines of navigation 
style output are available at any 
time. A photograph of PLAD (Portable 
Loran Assist Device) ano its 
equipment is shown in figure 6. 

When a ship's pilot carries PLAD 
aboard to use, he will first 
unpackage and connect the power card, 
terminal and antenna coupler. A 
convenient rail on the brid~e wing 
will serve as an adequate location 
for the coupler while PLAD and the 
operator remain inside. Once the 
receiver is locked up, the navigation 
program automatically determines the 
vessel location with respect to 
surveyed way points and future 
navigation output is at the choice of 
the operator. Similar to PILOT, 
speed and position within a channel 
are continuously updated and may be 
displayed concurrently, Time 
difference t>iases, if any, may be 
dialed in at the front panel. Upon 
reaching the destination, PLAD is 
easily repackaged and carried off. 

The trial area for PLAD is the 
Delaware Bay/River, where low lying 
land and scarcity of fixea aids 
require great concentration of the 
pilots. The situation is compounded 
when winter ice and winds move the 
floating aids off station so a device 
such as PLAD has the potential of 
significantly aiding the quality of 
navigation. Waypoint data from a 

survey 
burned 

conducted in the spring was 
into PROMS for an initial 

trial in 
appeared 
performance 
was offset 

November, 1980. What 
to be relatively good 
observed in the lower bay 
by some erratic results 

closer to Philadelphia. Some 
receiver related problems were 
identified and solved. In the most 
recent trials (February, 1981), PLAD 
performed flawlessly with an accuracy 
that motivated one pilot to remark he 
could have conned the entire passage 
from the mess deck! 

PLAD is presently undergoing an 
extensive quantitative comparison 
with positions in the channel ~$ 

measured by the Corps of Engine&fS' 
Auto tape network. The results from 
passages made to data reve41 a 
trackline standard deviation of 25 
feet while validation with autotape 
has enabled us to fine tune the 
surveyed points to where fhere is 
negligible bias. 

Should this be ot>served tht~ugnout 

the river system, we shall conclude 
that PLAD is ready for operational 
use by the pilots. 

SUMMARY 

Overall, 
available 

our work in 
Loran-C 

exploiting 
signals 

the 
to 

precisely indicate position within a 
harbor can be termed a success. Most 
u~ers until now have been totally 
unaware of the high po ten ti a l 
accuracy existing in time difference 
radionavigation signals. What is 
most encouraging is that the entire 
effort has required little original 
equipment development on our part. 
Precision Loran-C navigation is a 
commercial reality because of 
economically priced 10 ns receivers, 
microprocessors and well monitored 
chains. The marriage of these 
technologies, as demonstrated in 
PILOT, now promises to be a 
commercial success. Though already 
simple, straightforward and compact, 
units like PILOT and PLAD will 
require more real world exposure 
t>efore earning the trust and respect 
due a sophisticated piece of 
navigational gear. And like radar, 
acceptance is inevitable because 
through automation it reauces the 
human burden of navigating restricted 
waterways. Our 
experiences now give 
for a bright future 

us 
of 

radionavigation equipment. 

Olsen, D. L. et al, 
Loran-C 
Harbor 
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APPENDIX A 
THE CONVENTION SCENE 
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WGA RECOGNIZED INTERNATIONALLY 

Japan 

Scandinavia 
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THE SYMPOSIUM 

Panel Discussion: GPS and Loran-C GAO Report Discussions. A 
subject dear to all WGA members 

Technical Session in Process 
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THE BAHIA BELLE 

Vern Johnson, Bill Rice, and John Hopkins 
and John Hopkins enjoy hors d'oeuvres 

Mr. and Mrs. Paul Johansen 
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WHAT WAS DICK 11 RACE 11 DISCUSSING? 
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THE BANQUET 

Walt Dean introduces the banquet speaker, Mr. Chuck Slocombe, 
who discussed "Whales." The Wild Goose shown on Chuck's fish
ing hat could really fly as we all found out. 

A good turn out at the reception before the banquet. 
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AWARDS 

Leo Fehlner (left) receiving award from Bob Frank (right). 

Jim Van Etten (left) receiving award from Bob Frank (right). 
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ADDITIONAL AWARDS 

Vice President Walt Dean presenting award to Jim Alexander. 

Bob Frank presenting award to Commander Dave Amos. 
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ADDITIONAL AWARDS 

Bill Rice receiving award from Bob Frank. 
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AWARDS ON THE LIGHTER SIDE ~ 
WGA GOLF TOURNAMENT 
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Left to right, J. Regan, Admiral Al Manning, and Vern Johnson. 

Right to left, Vice Admiral Stewart and Walt Dean. 
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Lois Campbell, Bill Rice, and Barney Ambroseno. 

Paul Johansen, Al Manning, and John Beukers. 
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Left to right, Al Manning, Grace Van Etten, Jim Van Etten, and 
Claire Manning 

Left to right, Leo Fehlner, Walt Dean, and Allan Cook. 
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GROUP PHOTOGRAPHS 
THE BANQUET 
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Sandy Fox (Bahia Hotel Coordinator), Marge Dean, and Walt Dean 
(Convention Chairman) are all smiling at the banquet and should 
be since the entire convention was a hugh success. Thank you 
Marge and Walt! 
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