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Mr. Durbin headed up the technical paper committee. At
the symposium Mr. Durbin introduced each of the speakers.
The technical papers were presented by some of the leaders
in Loran Technology, and covered the spectrum of Loran
from past to present to future. Summaries of each paper are
presented here along with the speaker’s name and company.
Anyone interested in obtaining copies of the papers, is re-
quested to write to the individual concerned.
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COMMANDER WILLIAM F. ROLAND
U.S.C.G.

Commander Roland gave a presentation entitled “Loran
Station Presque Isle - Prototype for the Future”.

The Coasi %uard i tuilling & wew Lor.si Tranmmitiing
Station at Presque Isle, Maine. This station will be used to test
the prototype equipment for a new concept in Loran-C trans-
mitting station operation. The design goal is to build an un-
manned station capable of providing signals with an availability
of no less than 99.7% including all planned and unplanned
outages and with an accuracy better than any presently oper-
ational station. To do this we are building all new equipment
with many new techniques for redundancy, fail-operative
properties, maintenance-while-on-air, and remote sensing con-
trol, and maintenance:

A\" LewkiTiaw By {%/z
¥ ‘*'/WALTER DEAN
THE MAGNOVOX COMPANY
w1949

“How We Got To Where We Are”

Mr. W. Dean gave a historical view of Loran dating back
to its conception during World War II.

The Loran system was developed at the Radiation Labora-
tory during World War Il to meet the needs of the Navy in con-
voy operations, and to provide all-weather navigation for air-
craft by day and night.

Today Loran is used world wide bv both commercial and
military users. The military application has advanced the
state of the art to the point where Loran is used as the primary
means of navigation in many areas. In addition the military
use of Loran has opened the doors for Loran navigation by
commercial air carriers, Commercial airlines are presently
studying the feasbility of Loran navigadon.
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JOSEPH A. PARINI
EAR SIEGLER, INC. - INSTRUMENT DIVISION

Mr. Parini presented a paper on **A Remote Target Locating $&
System" designated PAVENAIL. v

PAVENAIL is the name of a program relative to a remote §8
Targeting/Designating System in an OV-[D aircraft. A modi- §
fied ARN-92 Loran Navigadon System, Laser Ranger/Desig-
nator System, Night Observation System and an Attitude
Heading Reference System make up the totally integrated
system. This system has been used successfully in a tactical
environment.
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CLAUDE J. PASQUIER | 89

M LITCOM DIVISION OF LITTON SYSTEMS
Y Mr. Pasquier presented a technical description of the
- ) NAL - AN/PSN-6 Loran personnel navigator.

His presentation highlighted the specification require-

) O SE ments which make the Manpack receiver unique with regard
to performance, size and weight.

In addition to detailed technical descriptions, block dia-

grams, and operational descriptions, the model of the PSN-6

M PO SI UM and PR@-25 combination was demonstrated to the audience.

ROBERTL.FRANK <27
SPERRY GYROSCOPE DIV. - SPERRY RAND CORP.

e : “Mr. R.L. Frank presented a paper which traced the evolu-
tion and development of some of the key techniques which [
¥ Have resulted in present day Loran systems. '
§' ) Some of the early Loran systems used complex means of [k
3 reading time differences. The first major development was §
gy direct dial reading of time differences. Cycle matching was k&
.:‘.".13'0‘,’6 developed for thg Cyclan System. This system provided com- [
& é’ > pletely automatic pulse envelope tracking and cycle phase |-
ESS

S tracking.
& \5 Over the years, a number of Loran systems was developed |-
g until what we know today as Loran C-D systems. Today's |-

systems provide not only navigation but tactical systems which
include transportable Loran stations.
%o

JOHN HOPKINS
- BOSTON, MASS. ELEDYNE SYSTEMS COMPANY C"{?“/(

Mr. J. Hopkins presented a paper covering the evolution of
Loran-C through the developments of first generation receivers 27

to the present day systems or second generation systems. ¥ o
F AWARDS From first generation systems it was learned that the most ‘ s
serious limitations were size and cost, as well as performance
Is are proposed to further the improvement. The second generation systems will satisfy
Assoclation. these requirements.

Through design innovations and higher density ‘micro-
electronics, Loran-C receivar costs were slashed, many critical
£ icul ‘buti and expensive parts were -eliminated, the overall parts count §
ons for a particular contn uT&n was reduced and performance was improved. .
ent or fostering :{ Loran. ¢ ms The spurt of new developments and burgeoning applica- |§
er the exceptional nature of the tions, signal the beginning of the rapid growth in Loran-C M

popularity.

wild Goose Association for the
ject of LORAN.
ROBERT A. REILLY brced
ITT AVIONICS DIVISION

rs who distinguish themselves by C—’—cypzv

Mr. Reilly presented a report on Loran Processing Advan-

P REPORT ces. Covered in his report were “Chronic Loran Problems”
such as, Noise versus Dynamics and Cycle Ambiguity.

New techniques for combating these problems were dis-

~d of Directors at Hanscom cussed. Advanced processing techniques in the area of Signal
embership was 221 including our Censoring - Peak Tracking - Adaptive Envelope were presented
ng, Gif Hefley and Harry Davis. in detail. -
ank to join the WGA now or pass Future efforts in Loran navigation, should be centered

around better noise models, skywave statistics, propagation E

studjes.” = .
Page 5
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TYPICAL SERVO TRANSIENT RESPONSE
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AMPLITUDE PROBABILITY DISTRIBUTION OF THE NOISE ENVELOPE
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RATE-AIDING VELOCITY VELOCITY

AID/NO INS AID/NO INS

600 FT. 150 FT. 30 SEC. 3 SEC.

1500 FT. 300 FT. 30 SEC. 3 SEC.
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The only praoblem was that the towers wars grounded, znd so
zmecial feed for the antennas was necsded.  The coupler was
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one M = Vineyard., We wers actually locked on the
skywave and you can se2 the ==scond dand third hop

#ave there. We ware able to use thixse signals tao get

1 information which was good to a mils or so over 2,000
\7! .

1952 was also ths antunna at Carolina Eeach cams dowrn.  One

faarricane ladies came zlong and nsatly chopped the
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n experimenting with antennas at Carvolina B=ach, and now has
an inveried V.

Th= next Loran—C chain instlalled was the Meditsrrznsan
1
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pressure from other navigation systems. some of them bettiszr
promot=d than loran. It is again tending *o push the loran
system out of certain applicaticns. I think this is somsthing
that w= should remember and be cognizant of, and recognize that
th= selling of loran is a very important function for all of us.




ATOMIC
FREQUENCY

LORAN
TIHRING

HF
LORAN
STANDARD
LORAN
[ |
SS LF
LODAR LORAN LORAN
LORAN A LORAN B CYCLAN
CYTAC
NAROL LORAN-C
i
NUDES LORAN-D
FIGURE 1 Loran Family Tree

LORET
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PILGRIM
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FIGURE 2 Area over which S5 Loran Qas available
for air navigation during the winter of
1944-1945 at low level and at 20,000 ft.
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FIGURE 4 Ground-wave field strength over sea
' water from 25 kw transmitter
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FIGURE 5 Ground-wave field strength over poor
earth from 25 kw transmitter
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Cyclan mobile recetiver.

Figure 7



LEGEND!
1. COOLING UNIT AND HEAT EXCHANGER.
2. DIGITAL COMPUTER.
3. NAVIGATION RECEIVER.
4. CENTRAL COOLING AIR DUCT.
PYLON SWAY BRACE.
POWER SUPPLY.
POD SECTION CONNECTION.
ANTENNA INSULATOR.
TAIL CAP ANTENNA.

o

oeN®

" Figure 8 CYTAC Airborne Receiver on F-84
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Balloon Supporting Antenna at Fore

FIGURE 9



Figure 10 Ground Monitor Receiver at Palmyra




Figure 11

Signals at Natal, Brazil



Figure 12 v
LORAN C G_ROUNDWAVE' COVERAGE -1967
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Figure 13 WASHINWGTON, ©D.C. 203%0-

DAILY PiASE VALUES SERIES 4

References: (a) Time Service Letter of 30 September 1968, Series 4
(b) Time Zervice Announcement, Series 9, Wo. 36
(c) Daily Phase Values, Series 4, No. 195

The table gives: UTC(USWO uiC) - Transmitting Station
Unit = one microsecond ;

LORA{-C* LORAN-C* LORAN-C
Northwest Central East Coast
Frequency Pacific Pacific U.5.A.
(kc/s-UTC) 100 100 100
MID

Apr. 27 41434 0.6 9.5(Note 12) 3.1

25 41435 0.7 9.7 3.1

29 41436 0.7 9.8 3.1

30 41437 0.9 10.9 2.9

lay 1 41438 0.6 10.0 3.0

2 41439 0.% 10.0 2.9

3 41440 0.7 - 3.0

8 2 3

Frequency Q/NY /T /8
(ice/s-UTC) 10.2 12.0 12.2
1,000+ 11,000+ 25,000+

1JD ,

Apr. 27 41434 723 593 932

25 41435 722 593 333

29 41435 722 593 932

30 41437 722 593 932

May 1 41436 723 594 9133

2 41439 722 © 593 ~ 932

3 41440 722 —— 032

LORAN-C**
Norwegian

Sea
100

LORAN~C*
tMediterranean

Sea
100

3 May 1972

#HO.

LORAN-C**

tlorth

Atlantic
122
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Figure 14 Multiple-Hop Skywaves
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Robert L. Frank —

Sr. Research Section Supervisor (Radio Navigation)
Sperry Gyroscope Division
Sperry Rand Corporation
Great Neck, N.Y.
! S+

Wild Goose Association National Convention -
Bedford, Massachusetts, Nov. 30, 1972

I will endeavor in a brief talk today to trace the evolution and development of
some of the key techniques which have resulted in the present Loran system.

In the early days, the really new technique that made Loran work was time
difference measurement using a locally generated time base. This idea was developed
for the G system, and adapled to Loran at the Radiation Laboratory. But in these early
systems, the time difference had to be read by a rather complex system of markers on
the scope. My first acquaintance with improved Loran techniques was the development
of direct dial reading time difference circuits at Sperry by Winslow Palmer and
others, which resulted in the model DBE. This receiver actually had been preceeded by
a completely automatic tracking experimental unit, but production of that unit was too
risky under wartime conditions.

The cycle matching low frequency Loran system as developed by the Radiation
Laboratory at the end of the war was a system which again depended upon manually
visually matching pulses on an oscilloscope. The first attempt at automation of this
process, was in the low frequency Cyclan system. Completely automatic pulse envelop
tracking and cycle phase tracking was achieved. The successor of Cyclan was Cytac, a
tactical cycle matching long range bombing system.

The slide 1 is a block diagram adapted from the 1952 Cytae proposal which
shows the system as it was conceived at that time and as it was actually developed,
through field testing in the middle fifties. This diagram shows a number of the key
techniques developed during the Cyclan Program. First, is the use of a local
oscillator generating a phase reference which is synchronized to the cycles in the master
pulse and then phase shifted and synchronized against the cycles in the slave pulse.

The calibrated phase shift then provided a measure of phase difference between the
master and the slave. The first Cyclan equipment used diode envelop detectors, but
early in the program it was recognized that improvements, particularly under poor
noise conditions could be achieved by using coherent envelop detection, using a 909
shifted version of the cycle reference. This was actually tested in the field for the first
time in the later portion of the Cyclan field test. Another crucial element to the
success of envelop measuring systems is the utilization of long time constants for the
envelop tracking servos. This could not be achieved in the early design hecause the
envelop servo had to actively track the signal in moving vehicles. One of the thoughts
developed during the Cyclan program and impemented during Cytac was a cross drive
from the cycle tracking servo to the envelop servo, which provided the velocity aid and

pernitted essentially unlimited time constants in the envelop servos.
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The selection of the correct cycle which is based on accurate measurement of
the pulse envelop time difference originally in the Cyclan system required the uses of two
radio frequencies:180KHz and 200 KHz. Later when the carrier frequency was reduced
to the present 100 KHz in Cytac, operation would change to single radio frequency channel.
An accurate envelop measurements were made possible by the use of an envelop de-
river circuit, as shown here in slide 2 in the form used here in Cytac. The incoming
signal is amplified, detected in a coherent detector, derivative of the pulse is taken
and mixed with the original detected pulse to form a modified pulse which we termed
"derived envelop'". This is sampled and a servo is driven to the null point on this pulse.
Shown in this slide is also a phase reversing technique developed during Cytac known as
"synchronous filtering' which greatly reduced d-c offset drift errors in the systems at

that time which required the use of vacuum tubes.

Incidently, the possibility of using direct rf sampling both for phase measure-
ments and envelop measurements was investigated in the laboratory in the late forties
during the development of the Cyclan system. At that time, the limitations of vacuum
tube circuits caused us to adopt the intermediate solution of first coherently detecting
the pulse or phase envelop and then sampling. With the development of stable solid
state sampling systems most present day receivers are of course using the direct rf

sampling.

Another interesting sidelight is the fact that in the Cyclan program use was
first made of a rf amplifier type receiver, with the consequence of lack of problems
from phase shifts caused by frequency conversions. While we now recognize that the
design of such a receiver is quite straightforward, in early Radiation Laboratory days
there was trepidation in designing the amplifier having such a large gain on a single
radio {requency.

Incidently, the Cyclan receiver used a hard limiting rf amplifier: when the
limitations of this type of operation under severe interference was recognized, a con-
version was made to a linear rf amplifier for the Cytac system.

Loran has also pushed the state-of-the-art in the area of signal desigu.
Originally in Cyclan the intention had been to transmit the two adjacent radio frequency
signals simultaneously, but in the course of development, a decisionwas made to trans-
mit these successively as a double pulse. An extension of this idea led to multipie
pulsing, where the effective duty cycle or average power could be increased relative to
peak power by transmitting a burst of pulses from each Loran station. This idea was
first implemented in Cytac. A concern in the use of multiple pulsing was that the sky-
waves from one pulse would fall on succeeding pulses. This was solved by the develop-
ment during the later part of Cyclan program of the technique known as phase coding.
As [ar as I know the term ilself, although now generally used in the information theory
art was first applied in the Loran community. Cytac as proposed and implemented
uses a burst of eight pulses as shown in slide 3. The phase coding utilized originally
for Cytac was an eight-phase code extending over 64 pulses. This code shown in
-slide 4 was implemented using a three stage binary phase shiflter and the design of the
code wias based on the theory that the phase progression in each column, is equivalent
to a different frequency. Thus, each of the cight Cytac pulses could be considered as
having an effectively different carrier frequency. This led to the recognition that
there would be an eight to one or 18db rejection of any synchronous cw {requency, and



to the further idea, implemented in later Loran-C receivers, that by selective sampling
any specific cw frequency could be rejected.

Present Loran-C-D designers are sometimes heard to moan that the Loran
timing intervals are not nice binary sub-multiples. During the Cytac program, such
numbers were used. The repetition interval was 51, 200 psec, which will be
recognized as a binary sub-multiple of 100 KHz, and the pulse separation was 1280
nsec which is also a binary sub-multiple of 100 KHz. However, when the system was
converted to Loran in the late 1950's we in our wisdom at that time saw merit in con-
verting back to the standard Loran-A repetition intervals and to changing the pulse
spacing to a nice 1,000 usec which we visualized as the easier to implement in a
receiver that was also compatible with Loran-A. Simultaneously, with this change,
effort was made to simplify the phase code and a simple binary phase code was
developed, which is used at present, requiring only two Loran repetition intervals and
utilizing only 0° and 1800 phase shift. We sometime later discovered that a similar
binary sequence applied not to phase shift but to slots and blanks was utilized by Golay
in an infrared spectometer, and the Loran-C master and slave code have been recently
reinvented by people attempting to transmit pulse train as microwave surface acoustic

waves.

Another area where Loran has been a leader in the art is in hybrid navigation.
Slide 5 bears a very close resemblance to the latest airborne Loran-C/D receivers.
You may be surprised to know that it is a slight simplication of a block diagram appear-
ing in the original 1952 Cytac proposal. It shows the marriage of the Loran receiver
and a digital computer to perform navigation, guidance, and bomb release functions,
with pilot displays and with mixing of air derived data and Loran data. Slide 6 shows
in more detail the hybrid signal mixing. It is also a simplification of a diagram appear-
ing in the 1952 Cytac proposal. Shown here is velocity aiding to the Loran tracking
servos from air derived data and aiding of the dead reckoning solution by Loran de-
rived data. Included is an auto-pilot loop. The experimental airborne Cytac equipment
did actually control an aircraft in flight through the autopilot.

You might be interested in seeing the equipment that was utilized in the early
50's to perform these functions. Slide 7 is a photograph of the experimental airborne
receiver mounted in the C-47 aircraft. The shape of the receiver is determined by the
fact that at that time we could not see how to get the recciver and its computer inside
a small airplane, and had planned to mount it in a bomb shaped pod beneath the air-
craft wing. Slide 8 shows the digital computer used in conjunction with the receiver.
This was the first airborne digital computer that I know of. It was developed by
Hughes Aircraft Co. originally for an aborted short range navigation system known as

Digitac and successfully adaplive to Cytac.

In our first public description of the Cytac system which was to become
Loran-C, we somewhat with longue in cheek predicted receiver weight of 40 Ibs. based
on the transistor which was just then becoming a practical reality, but little did we
expect the rapid development of micro-circuit technolopgy which would make our pre-
diction come true with much greater ease and much higher performance than we then

anticipated.



Slide 9 shows on the right the first transistorized airborne receiver, the
AN/APN-145, and the AN/ARN-78, the first production microcircuit, Loran-C receiver.
This had the first real working automatic search. This receiver has several additional
innovations in the area of inlerference rejection. The first was automatic selective
sampling to reduce synchronous interference. The first use of manual controlled
notch fiiters for cw rejection in pulse Loran systems was in the Cytac program, and in
the ARN-T78 the use of transistors and microcircuits finally permitted the development

of compact automatic circuits.

I have confined my remarks to some of the early and more fundamental
developments. We have of course not slacked our progress in later years. There
has bheen the whole development of transportable Loran-D stations including tactical
transportable antennas and solid state transmitters. Another area is marine receivers,
where in the early 60's we first demonstrated that crossed loops could be used for
underwater Loran reception, and where there has been a continuation of development
paralleling the development of aircraft receivers. Loran-A has also continued
development from early automatic tracking receivers which were an adaptation of the
manual receivers to the presently available simple automatic tracking commercial
Loran receivers. I am sure that Loran will continué to push the state of the art
in the application and development of new techniques and new technologies to improve
system performance, and with reduction in size, weight, and hopefully cost.

’ * k %k ¥k ¥ ¥k k¥ ¥k
Illustrations similar to the slides may be found as follows:

Slide No.

1 R. Frank, "A Precision Multipurpose Radio Navigation System:
Part HI, Instrumentation' IRE National Convention Record part 8,
1957. Figure 2

2 Ibid. Figure 3

3 R. Frank "Multiple Pulsc and Phase Code Modulation in the Loran C
System" IRE Trans. ANE. June 1960, Figure la.

4 R. Frank and S. Zadoff "Phase Shift Codes with Good-Periodic
Correlation Properties” IRE Trans. IT, Oct. 1962 p. 381-382

5 S. Zadoff and J. Rattner ""Use of a Digital Computer for Airborne
Navigation and Guidance' 1957 Eastern Joint Computer Conference.
Figure 2

6 Ibid. Figure 4

7 E. Durbin "Current Developments in the Loran C System™ Navigation
(USA) Summer 1962

8 Ibid.

9 Ibid.
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SECOND GENERATION LORAN C RECEIVERS
Chronicle and Commentary

By

John Hopkins, Teledyne Systems Company

INTRODUCTION

In the evolution of LORAN C, we are experiencing a landmark -
the impact of second generation LORAN C Receivers. "LORAN C
has emerged from an era of narrow and limited use to become

a versatile system with a myriad of practical applications. This

can be attributed to the increased flexibility of second generation
receivers and to the successful LORAN C operations in Southeast
Asia which focused world attention on the utility and value of

the system. As a direct result, the U.S. Air Force and Army made
major commitments to employ LORAN C/D in nearly every type
of tactical and strategic operation where they need precise position
information. The Navy, thus far, has concentrated its use of
LORAN C on submarines. All three services have active funded
developments underway to upgrade their LORAN C Systems.

In addition, the U.S. Coast Guard has funded the development

of low cost commercial LORAN C Receivers for marine applications.
They have also proposed the adoption of LORAN C as the Coastal/
Confluence National Navigation System.

This paper attempts to capture this landmark period in the evolution
of LORAN C by providing commentary on the state of second

generation LORAN C Receivers ~ design and development. accomplish

ments and applications. problems and trends.

DESIGN

LORAN C, as we know it, has been with us about 13 years. During
maost of this period, nearly a decade, the fundamental design philos-
ophy of the receiving equipment was changed very little except for
routine progressions from tubes to transistors, manual to automatic,
and an emerging emphasis on digital processing. The culmination of
this era was the AN/ARN-92 which is the most sophisticated LORAN C
System of what has become known as first generation LORAN C
Systems. All these first generation systems were linear. They required
a long warmup time, and an external velocity aid to search and settle
during maneuvers. They were sensitive to envelope distortion and had
search and settle times approaching 15 minutes. And, probably as a

result of their marine oriented background, they had heavily damped
tracking loops.

These first generation designs were also influenced by procurement
specifications which relied on convenient laboratory tests to
measure system performance. The specs and, therefore, the designs
did not properly account for real world noise, envelope distortion
and interference conditions. In effect, the emphasis on simple and
sometimes unrealistic laboratory tests resulted in real world design
inadequacies and excesses. Various attempts have been made to
bring the laboratory tests in line with the real world but so far

it remains an unfulfilled goal in spite of many well intended LORAN



simulator programs. Perhaps, the GRN-99 LORAN Simulator has
the capability to solve this problem. The most serious limitations
of the first generation designs, however, were size and cost.

The ARN-92 LORAN Navigation Set is in the 100 pound/S100K
class; thus, its use was restricted to special applications, such as
the Pave Phantom and Igloo White Programs. where this size and
cost could be justified. All of use can be grateful it performed
well in SEA, not only because it improved our RECCE and
STRIKE capabilities but also because it materially enhanced the
reputation of LORAN C. However. to satisty the larger need for
accurate positioning, much simpler and cheaper designs were
required. There was also room for performance improvement,
particularly start-up time, dynamic operation and cycle selection.

And, for military applications more effective ECCM was also
required.

The second generation of LORAN C Receivers was born to satisfy
these requirements, Through design innovations and higher density
microelectronics, LORAN C Receiver costs were slashed, many
critical and ekpensive parts were eliminated, the overall parts count
was reduced and performance was improved. Moreover. where
similarity of design is the hallmark of the first generation of
LORAN C Receivers, variety is the mark of the second generation.
Figure 1 illustrates this contrast. Fortunately, this variety enables
designs ranging from very simple forms to those far more sophisticated
than first generation systems, and still retains the characteristic cost
savings of second generation designs. Because of this design variety,
there are now many ways to design 4 LORAN C Receiver and this

prompts some lively debates. One of the most interesting con-
troversies arose over the concept of hardlimiting. It almost took
on quasi religious overtones. The establishment vigorously attacked
hardlimiting as a design heresy and the LORAN world divided

into two camps - Linear and Hardlimited. The linear establishment
launched a barrage of academic reasons alleging certain deficiencies
in hardlimiting which could be demonstrated in the laboratory.
The hardlimiting advocates tought back, not by debating the theory
but rather by the very pragmatic approach of compiling an out-
standing performance record in the real world in every sort of field
environment. The alleged shortcomings of hardlimiting simply did
not show up in day-to-day real world operations. In the face of
successful hardlimited receiver designs, the linear establishment
allowed that hardlimiting might be satisfactory for manpacks but
not for high performance aircraft. There is no real basis for this
claim. To demonstrate this, Teledyne installed a manpack receiver
weighing only 7-1/2 pounds (Figure 2) in an Eglin AFB RF-4C

two years ago and flew it through high G maneuvers. It was not
velocity aided. Several signal acquisition tests were performed at
speeds from 150 to 500 knots and the average search and settle
time was 2-1/2 minutes. It did not lose lock in any maneuvers. We
believe this proved the point. Somewhat more troublesome was
the allegation that hardlimited receivers experience a dead band
when the skywave delay is exac tly 1000 pseconds. This is theoreti-
cally true. but in the real world we have been unable to detect it

in spite of thousands of hours of operating experience in areas
where this condition is alleged to occur. It is either too brief to

be noticed or accompanied by so much atmospheric noise as to
diminish the effect to insignificance. Or, could it be that this

[§V]



DESIGNERS' CHOICE

FIRST GENERATION SECOND GENERATION
COMMON PARAMETERS TAKE FOUR FROM FOUR FROM
COLUMN A COLUMN B
COMPLETE RECEIVER COMPLETE RECEIVER DISTRIBUTED LOGIC PROCESSOR
‘ 7 OR OR
NOTCH FILTERS " FRONT END CENTRAL PROCESSOR
NARROW TRACKING BW NOTCH FILTERS HYPERBOLIC
OR OR
LINEAR STEEP BAND PASS FILTERS DIRECT RANGING
DEDICATED PROCESSOR NARROW TRACKING BW SINGLE STROBE SAMPLING
OR OR
HYPERBOLIC WIDE TRACKING MULTIPLE STROBE SAMPLING
SINGLE POINT STROBING LINEAR STANDARD CIRCUITS
OR OR
STANDARD CIRCUITS * HARD LIMITED CUSTOM CIRCUITS
SUBSTITUTIONS, HYBRIDS, OR COMPROMISES ARE ACCEPTABLE
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phenomenon never really occurs at all? In any event. in our
experience, the problem is mythical. We affectionately call it
the Lock Ness monster and, just in case specifications call out
alaboratory test for this condition. we have designed a Lock
Ness monster killer to augment the basic hardlimiter. Another
troublesome and related charge was that hardlimiting was more
susceptible to continuous wave interference. This allegation is
particularly frustrating, again because it is theoretically true.
However, it is easily overcome by using notch filters. In practice,
linear receivers need and use as many and sometimes more notches
than harlimited receivers so this alleged disadvantage of the hard-
limiter is more emotional than it is real. Of course, in the final
analysis there is merit on both sides and some designers have
resorted to hybrid approaches to have the best of both worlds.
The question remains, “Is it worth it?" I don’t believe it is.

The hardlimited approach has proven to be an excellent match
to the actual real world environment. Unfortunately. specifica-
tions are still written in terms of laboratory tests which are
frequently unrealistic. Interestingly. the linear establishment
prevailed in the recent ARN-101 and ARN-{ ) competition at
ESD. but at ECOM and Coast Guard the relative simplicity of

the hardlimited design. along with its successful field test record.
proved more attractive,

Another important design innovation which is being perfected by
Teledyne under Air Force sponsorship is Direct Ranging LORAN,

also called DRL. DRL is a rho-rho-rho system and involves
measuring changes in range from three transmitters. Since one

measurement is redundant, a recursive filter mechanization will
provide an estimate of clock phase error and drift. Like hyperbolic
LORAN, no initialization is necessary. When first turned on, DRL
accuracy and hyperbolic accuracy are exactly equivalent, but in a
short time the clock errors are estimated and the position estimate

is refined. DRL provides greater accuracy in all parts of the

coverage area. In the prime area the improvement is only 10 to

=0 percent but in areas where hyperbolic LOP’s cross at small

angles dramatic improvement, on the order 20 to 1, occurs. This

has been verified in instrumented flight tests at Eglin AFB (Figure 3).
This significantly increases the useable coverage area by providing
reasonable accuracy in the area of the baseline extensions and on

the reverse side of the triad. Figure 4 shows the effects of geometric
factors on the CEP for 100 foot repeatability measurement errors
and Figure SA and 5B show the effects on worldwide coverage.

One must be careful not to confuse DRL with the rho-rho mechaniza-
tion which is vastly different and does not provide the many benefits
of the' DRL rho-rho-rho mechanization. Rho-rho systems measure
the change in range from two transmitters, They depend for accuracy
on a highly stable (expensive) on board clock which may or may not
be phase synchronized with the transmitter clocks. It is used in
special applications such as propagation studies and off shore differ-
ential positioning. To highlight the difference we sometimes say
thatin DRL you rho-rho-rho vour clock. There are other advantages
of DRL that go beyond this talk. For those of you who are inter-
ested we would be pleased to give you appropriate references,
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DIRECT RANGING LORAN SYSTEM

Figure 3
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DEVELOPMENT

To my mind the beginning of second generation LORAN C
Receiver development coincided with the Air Force’s interest

in and sponsorship of the Integrated Doppler Inertial LORAN
Navigation System popularly known as the DIL Program. The
objective of the DIL Program was to develop a system suitable
for high performance fighter aircraft that weighed less than

100 pounds and cost less than S100K (Figure 6). Since a fighter
might have to be over the target in less than 15 minutes from
alert, fast reaction time was mandatory. Moreover, this mission
demands precise instantaneous velocity and position. Therefore,
optimal filtering techniques were necessary to fully exploit the
synergetic properties of the DIL sensors. First generation
LORAN C Receivers were clearly inadequate for the DIL System;
so two of the competing companies, Teledyne and Litton,
developed new receivers. Both were hardlimited receivers. The
Teledyne receiver, the TDL-101, contained a dedicated processor
for mode control and time difference computations. It was fully
automatic and weighed only five pounds (Figure 7). The Litton
receiver contained the RF front end and a preprocessor. It relied
on a general purpose computer for mode control and time differ-
ence computations. These receivers were successfully flown at
Eglin AFB in 1970. Different government agencies became
interested and funded a variety of configurations to satisfy their
special needs. This led to a family of systems which all derived
from the same design (Figure 8). This is a complete fully auto-
matic receiver and weighs only 3 pounds 3 ounces. Figure 9
shows the chronological development of this receiver. Some of
the other second generation systems produced by Teledyne are

shown in Figure 10. Litton’s family album would contain such
entries as the UPN-35, Helnav, LRN-102, and the low cost
LCR-301.

This is not to say that only Teledyne and Litton have produced
second generation LORAN C Systems but they have produced the
preponderance of systems in this category. New development
efforts by other companies.are also being presented to this audience
today. In 1973 we should see the results of the Army’s PSN-6 and
LANS developments and the Air Force's ARN-101 developments.

By the way, the casual observer is probably unaware of the excitement
that underlies these developments. The suspense and intrigue connected
with competitive procurements these days and fly before buy run-

offs produce the tenseness of a spy thriller with visits from the OSI
and inquiries from the GAO thrown in to lend realism. [ suppose

this has to be expected when survival is at stake and that is the name
of the game, since no further government sponsored developments

are in the offing — the boat has sailed. For those not aboard, it will

be extremely difticult and for those who have development contracts
plenty of anxious moments lie ahead. In just the past two months,
budget problems resulted in three significant LORAN Programs

being cancelled or indefinitely postponed: The ARN-{ ), the
Integrated LORAN Omega and the Aerial Scout Programs. These

are perilous times and yet times of great opportunity.

ACCOMPLISHMENTS AND APPLICATIONS

As a result of LORAN C accomplishments in SEA and the obvious
attributes of the second generation designs, more and more LORAN C

10
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Figure 6
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COMPARISON OF

LORAN C/D RECEIVERS

AN/ARN-92

AN/ARN-85 AN/PSN-2 TDL-101
WEIGHT (POUNDS) 48 a7 12.7 5112
POWER (WATTS) 150 EST 150 EST 18 25
VOLUME (CU. IN.) 1292 1597 540 129
OPERATION AUTO AUTO MANUAL AUTO
WARM UP (MIN) 15 15 NEG NEG
SEARCH TIME 180 (SEC) 180 (SEC) 180 (SEC) 3 (SEC)
SETTLE TIME 10 (MIN) 10 (MIN) 5 (EST) (MIN) 3 (MIN)
TOTALTIME 28 (MIN) 28 (MIN) 8 (EST) (MIN) 3 (MIN)
VEL. AID REQ'D YES YES NO NO

Figure 7

T57058
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applications are opening up. Many new applications (See
Figure 11) are practical because of the improved performance,
smaller size and lower cost of second generation LORAN C
Receivers. Teledyne’s current receiver has been used in a
variety of configurations for many applications (See Figure
12). Rather than dwell on this list, I thought it would be
more interesting to present a graphic story of actual real
world situations where Teledyne’s LORAN C Receivers have
been used. Time doesn’t permit a complete account.but this
is a fairly representative cross section. These growing applica-
tions have a snowballing effect. They stimulate a demand

for expanded and improved LORAN C coverage and as
coverage is expanded and improved. the applications will
increase thus creating new and broader coverage demands.

PROBLEMS

The biggest single problem facing LORAN C is the lack of
coverage in many areas. This will be alleviated if the DOT
National Plan is adopted. but we really need worldwide
support. Unfortunately, this is threatened by the Defense
Navigation Satellite Svstem advocates who are struggling to
get their program oft the ground. Since they have little in the
way ot factual data to go on, theyv are somewhat uninhibited
about their claims. For example, it should be obvious that a
DNSS receiver is more complex and costly thana LORANC
receiver but somehow this fact has been obscured.

Lest anyone doubt the complexity ot a DNSS receiver. recall
the computer sizing requirement of 40.000 words stated in the

ARN-101 RFP for DNSS provisions. I think we all accept the

inevitability of the DNSS: however, it should proceed at a pace
that can be economically justified and not arbitrarily launched
just because it has a glamorous image.

Now to get to the problems that we can do something about.

One is to standardize on the definitions of the important LORAN C
parameters. Each procurement agency has its own definitions for
signal. noise and noise bandwidths, input conditions. and rules fo:
statistical treatment of measurements. Also, in today’s laboratory
environment, it is almost impossible to really check the relative
merits of two different receivers, although if the same testing
procedures are used. some valid conclusions can be drawn. However
it is quite possible, using today’s laboratory test methods, to have
one receiver look very good in the lab and another look relatively
poor and yet in the real world the exact opposite could be true.
Since the major customers for LORAN C are still U.S. Government
agencies, it would seem in everyone’s best interest for them to get
together on a set of standard detlinitions and realistic test conditions.

Another problem which has seriously detracted from LORAN T3
reputation is the market in pseudo-LORAN C Receivers. These

are very low cost receivers which are advertised and sold in the
thousands as LORAN C. but in reality they come nowhere near
processing the complete LORAN C signal. They are little more

than dedicated oscilloscopes. Generally, these pseudo-LORAN C
receivers track only the envelope. The eftect is to pervert LORAN C
into a LORAN A type system. Since LORAN A is designed for
envelope tracking and LORAN C is not, LORAN C is made to
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LORAN APPLICATIONS
® HELICOPTER/VTOL
@ HIGH PERFORMANCE & TRANSPORT AIRCRAFT
® DRONES (LAUNCH, GUIDANCE, RECOVERY)
@ VEHICULAR
® PLATOON LOCATOR (MANPACK)
® FORWARD OBSERVER
® ARTILLERY DIRECTED FIRE
® DOWNED AIRMAN LOCATOR
® COMMUNICATIONS
@ COVERT MARKER REFERENCE
® SEARCH & RESCUE
@RECONNAISANCE & SURVEILLANCE
® SAM SITE LOCATION
@MISSILE GUIDANCE
® WEAPON DELIVERY
® INTEGRATED NAVIGATION SYSTEMS
® UNIVERSAL TIME REFERENCE
® RE-ENTRY GUIDANCE & RECOVERY
® SHIPS NAVIGATION

Figure 11
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R

LORAN C/D
MAINFRAME APPLICATIONS
' [ (AN/PSN-4 LORAN MANPACK
MK-1 LORAN AIRCRAFT
AIRBORNE POSITION LOCATOR
LORAN AIRBORNE MODULAR SYSTEM
LORAN INTERIM NAV SYSTEM
LORAN DRONE UPDATE NAV RECEIVER

LORAN AIRBORNE NAVIGATION SYSTEM
QERIAL SCOUT LORAN NAV SYSTEM

TOL-101 LORAN C/D RECEIVER

TDL-601 LOW COST LORAN RECEIVER
AUTOMATIC VEHICLE MONITOR SYSTEM

AN/PSN-4 BREADBOARD

T81338
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appear less accurate than LORAN A. Another type of pseudo-
LORAN C Receiver on the market goes one step bevond
envelope tracking and cycle tracks, but only on one pulse
instead of all eight pulses. The resulting power loss seriously
degrades LORAN C system performance. These pseudo-
LORAN C Receivers have biased many potential LORANC
customers against LORAN C. In face, some honestly believe
that LORAN A is more accurate than LORAN C. We cannot
stop anyone from selling a receiver, but it only seems fair that
the product be advertised for what it truly is and ot mis-
represented as a bona fide LORAN C Receiver, which it
certainly is not. I think the U.S. Coast Guard should take a
stronger stand on this because the LORAN C System and the
Coast Guard are suffering unfair criticism.

TRENDS

The mechanism for new and expanded military applications is
already in motion. The current AF and Army development
programs will lead to LORAN C Systems for AF Tactical.
Transport and Drone Aircraft and for Army Aircraft, Ground
Vehicles and Personnel and possibly ships. LORAN C appears
to be a logical choice for RPV’s. 1t may also prove valuabie

for missile and bomb guidance and for space shuttle positioning.
The Navy’s applications will also increase as the coverage is
expanded. And as search and rescue methods become more
refined, LORAN C will likely play an important role. The recent
tragic disappearance in Alaska of Congressman Hale Boggs might
have been averted if LORAN C had been available aboard his

aircraft. Also. the very high cust of the search would have been
eliminated.

During the next decade there will be rapid growth in LORAN C
coverage and in applications. This will spur greater competition to
exploit the state-of-the-art in both hardware and software, and

to bring the costs down further. New LORAN C receiver designs
will move more in the direction of RF front ends with micro-
programmed processors with MOS circuitry and semiconductor
memories. In some designs, the RF front end will probably have
additional capabilities, such as Omega or other VLF, and eventually
satellites, The software improvements will allosoperations on more
than one GRI simultaneously and allow mixing LORAN stations
(or other navigation transmitter stations) in any combination.

Best signal strength and geometry will be the only criteria and it
will not be necessary to receive a master transmission. More will

be learned about LORAN C skywave so that the useful range will
be extended. The accurate periodicity of the LORAN C signals

will be put into more widespread use as a timing reference and on-
board clocks will be synchronized to the transmitter clock by
software techniques such as used in direct ranging LORAN. These
software improvements will increase the utility of LORAN C. When
combined with the planned expansion of the LORAN C network in
the U.S. and the shutdown schedule for LORAN A. it is easy to
understand the interest now displaved in LORAN C by airlines,
shipping companies and fishing fleets. Another market that will
open up as the cost of receivers continues to plunge is in the broad
field of Automatic Vehicle Monitoring. This could easily lead to
volume requirements in the hundreds of thousands, This will be a
catalyst for further expansion in LORAN C coverage and now that
convenient portable LORAN C mini-chain transmitters are available,
itis practical to install LORAN C anywhere in the world,

19



CONCLUSION

The spurt of new developments and burgeoning applications signal
the beginning of the rapid growth in LORAN C popularity. The
second generation of LORAN C receivers has already begun to make
its presence felt and faces an interesting and challenging future: Its
performance has stimulated the imagination of military and civil
planners; healthy technical controversies simmer relating to design
optimization; and, understandably, it is experiencing growing pains
in terms of efforts to standardize on definitions and to write realistic
performance specifications that can be measured in a laboratory
environment. That the future of LORAN C is very bright is
confirmed by your attendance here today.
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