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ED DURBIN ~o 3 "1 
TELEDYNE SYSTEMS 

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-3 0 to write to the mWvidual cou;g~ 

~ COMMANDER WILLIAM ~- ~LAND 
U.S.C.G. 

Commander Roland gave a presentation entitled "Loran 
Station Presque Isle • Prototype for the Future". 

T~1t= Coasi. ,.;'!lard !:· ~;;i! :i.1g ;,; .. ;:.;; Lo.-.Jt Tran~.nitiing 
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 desiqn goal is to build an un· -~~ 
manned station capable of providing siqnals 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; 

'<€ w R.11'1€-tv I!:. y 
e:;WALTER DEAN 

THE MAGNOVOX COMPANY 

"How We Got To Where We Are" 
IN' f~g'~.('y\-

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 duiing World War II to meet the needs of the Navy in con­
voy operations, and to provide all-weather navigation for air· 
craft by day and night. 

Todav 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 ot 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 feasibility of Loran navigation. 

~ 13\ JOSEPHINSPARRUINMIEN~T ~;IVlszS-10. N ~:::::}~ · ·• ~SIEGLER, INC.· T D pffe[· 
Mr. Parini presented a paper on "A Remote Target Locating ·Miw·fi·~·!ffe~~-

System" desiqnated PAVE,NAIL. ~?'~~ \ 
~AVENAIL is the name of a program relative to a remote :::.·· 

Targetinq/Desiqnating System in an OV-ID aircraft. A modi· ~ ; 
fied ARN-92 Loran Navigation System, Laser Ranger/Desig· w· 
nator. System, Night Observation System and an. Attitude • ;0 .?". \ 

Heading Reference System make up the totally mteqrated · . ::t 
system. This system has been used successfully in a tactical .· : : . 
environment. L _ : ·. 
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. f~ CLAUDEJ.PASQU!ER ,~3 
. ~TCOM DIVISION OF LITTON sy'sf~MS 

~CJNAL 

>OSE 
.MPOSIUM 

....•. 

Mr. Pasquier presented a technical description of the 
AN/PSN-6 Loran personnel navigator. 

His presentation highlighted the specification require­
ments which make the Manpack receiver unique with regard ..... r 
to performance, size and weight. 

In addition to detailed technical descriptions, block dia­
graim;R.f d operational descriptions, the model of the PSN-6 '"J ~25 combin•tion w" demomtr"od to the •ud;ence. 

/__.-- <fJ ROBERTL.FRANK ~ r . SPERRY GYROSCOPE DIV.· SPERRY RAND CORP. 

Mr. R.L. Frank presented a paper which traced the evolu­
·'b . tion and development of some of the key techniques which 
~ ~ l)lve. resulted in present day Loran systems. 

ff I .f Some of the early Loran systems used complex means of 
R:; S! ·reading time differences. The first major development was . 

<J .,...":if direct dial reading of time differences. Cycle mcttching was v: 
ff;; J! developed for the Cyclan System. This system provided com· 

$ i} ~ · pletely automatic pulse envelope tracking and cycle phase 
,,, ~ ~ tracking. 

§' $ ""' Over the years, a number of Loran systems was developed · · 
"'~ 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. 

..... 
- BOSTON, MASS. 
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~C· J ( ~ JOHN HOPKINS [.~ 
~ELEDYNE SYSTEMS COMPANY c~I(. 

Mr. J. Hopkins presented a paper covering the evolution of 
Loran-C through the developments of first generation receivers 
to the present day systems or second generation systems. 

From first generation systems it was learned that the most 
seriqus limitations were size and cost, as well as performance 
inlprovement. The second generation systems will satisfy 
these requirements. 

Through design innovations and higher density 'micro­
clectror-ics, Lc-~an-C rec-eiv:?r costs ._.,~re slashed, m<>ny critical 
and expensive parts were eliminated, the overall parts count 
was reduced and performance was improved. 

The spurt of new developments and burgeoning applica­
tions, signal the beginning of the rapid growth in Loran-C 
popularity. 

/ 
) '7 \ 

j ® ROBERT A. REILLY t~ 
Mr. Reilly pr::t:v:~::: :~v~::~ Proce:~lan-

ces. Covered in his report were "Chronic Loran Problems" 
such as, Noise versus Dynamics and C.:ycle J\.mbiguity. 

New techniques for combating th·ese problems were dis­
cussed. Advanced processing techniques in the area of Signal 
Censoring· Peak Trackinc; ·Adaptive Envelope were presented 
in detail. 

Future efforts in Loran navigation, should be centered 
around better noise models, skywave statistics, propagation 
studies;.> 
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AMPLITUDE PROBABILITY DISTRIBUTION OF THE NOISE ENVELOPE 
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How We Got to Where We Are 
by 

Wa_l ter N _ Dean 

presented at the First Annual Wild Goo~~ TEchnical Symp0~ium_ 

To start out with, I made up a Lor2n f2mily tree (figure 
1). The loran business really started in the Radiation L2b way 
back at the beginning of World War II. It started cut ~s a 
hi,.::;h freqr_;ency system - I'm not s.,_ffe e'-"?ryb·=,dy realizes that, 
but it did, and it was after some soul 3earching an~ 
e}:perir,1ent.2.tion they finally took over r=omP ·:::·f the h<'J.ms' lf.(• 
me-ter :~·hone band and set up sorne st.~ticns t·-'·=•rk in•;J c:..t ab·:·•_,it. 2 
me,;:;:;.cycles. Tt-•ey discovert::·d t.ha.t syst.o.0••1 wci·ked pretty ·.:.•ell and 
decided to continue there. One of the int~resting thin~s about 
loran at that frequency was that, part~cularly at nightti~e. 
the skvwaves could be separated from the groundwaves anj the 
system could ci::-erate ei t.her on the ·~ro•_:ndW<'-'·/':c ·=,1· th-o? sk/'-·!2·.:e _ 

Nov, back ~o this family t.ree, there are sever2l 
outgro~ths. SS loran, sky~3.Ve synchro1·tzed loran 2nd th~ oth~r 
tty-ee v.:=-.ri2tions of ·::;tandard lor2n, th;:::n le,.• freqL~01•cy !.•:•Pan 
-:n1•::' all the ·=,t.f··er things th.3.t- car:H? out ·=·f it The<.t is ·:_r::!n·;i t·:::· 
be the subject of this paper. To go b?ck 2 bit, s~vwave 
·::;.ynchrc:niz:ed lcran really got it·::;. bi9 r·:sh ,j•.n-in.:::1 thew.::.:· l·:hen 
we were tTying to n1ake night bornbin·;J r.:: ids c•n Gerr.-1e>11y. T•»o 
C~J-3.i1,s 1A~ere s2't- '-lP~; st-~1:1w11 iit figL~r-e 2, -:·1,e ~·:)ir :;Jc!i1~ 1'J f:-(:if=-1 

Scotland to Algiers, the other pair being in noFthern Africa. 
They provided two lines of position which intersect alm~st at 
ri•;:ht an1;1les over Germany. It is my u;1der!::t.::;.ndin•;J t.hat t.he 
Germans never actually realized what w2s going on, 'hat is, 
that these signals were being used by the bombers in ma~inq 
the:ir bombing r.::>.ids over Germany 2nd tf--?y t··.:=-re .::;r:tu.::dly flvinq 
lo:-;::..n 1-ines of position on those i-aids s~= l·=·i-.::111 e·:pan·::l•-:0:".i 
later into the Pacific. 

The present coverage of Loran-A, a~ seen in figure ?, ~?s 

ff!C!st.ly ~;r_~t- iI1 c!L.trin•_;! t.t-re W-?-r, wi tt-1 tJ-ie ~-esL1J t. f:_!--!at. tr1e ?~··::r?-_r~-{) 

co·<era•;e in the Northern Hemisphere is 'T .. ~i t e e:·::t.en;:; i ·,te. V•:·t~ 

p1'•::·~·ab 1.y i-e•1;en~..:·er fron·· the block di-~gr;·~,, t.t,·.:- be-:-:: c.::·1 led 
"LODAR''. That was a little project th2t. Win ralmer ~or' eden. 
LGC:'AR stands f·=T Lcr2_n Dil'Ect.ion Findil'·~- n-,'? E>.biJ;f:.y ,:,f 1.·::•r:=>n 
to separate th~ groundwaves from the s~vwaves made 'he big~est 
prct•l em i nvo l ·Jed in d-f sudden I y di sai:-:-·:::·ar. It wa_s pos :=it· J. e tc• 
make d-f measurements very acCL!r?tely Either en a gr0un~~?ve or 
a s~yw~ve, and so this suddenly became ~ very interPstin~ 
subject. Unfortun2tely, it turned out that by the time you got 
all th-=: inst.rur···ent.::>.ticn reGuired tc• do ~.hi= j·=·b, ye·•! mi ~1ht j 1_1:::.~. 

a ~ell make ti~e difference me2s~~emen's r2ther th2n d-f 



rne-?.sur2ments_ However, this is -:sc•rnett-,~ng ':.---:-- think ::~bo1_1t in th;? 
ap~lication of Kalman filtering to the overall lora~ problem 
Tf-~2 ,jirect.ic11-i infc1rrf;a.tic11, tr:• st.d.~~-ic·r1s ls B.'f~ .... i lCt.t=le ~.-() 2 ~fig~• 

de·_:;ree of accL4racy by sepc:nating the g--·:•un:l·--:-?.'/e frc~.-, tt·-2 
sk ·/'-1,•a v:~ . 

Standard loran did its job during ~he war , but it had 
pi·-:-blEY;-:;, illL~st-ra.ted by fi·~ure 4_ Th:s shu.,;s that ove1-
seawater the 2 megacycle groundwave drsps off quit2 rapidl;. 
At n:::o KC: propagation is conside1·3_bly r.::?ttr~1·, a.nd 1'>) •·c it is 
better still. This is seen even more in figure 5 which shows 
th~t ever land 2 megacycles disa~pears amo~t co~plctely within 
100 miles or so~ whereas the low frequ0ncies are propag~ted to 
considerable distances_ The Air Force had an interest in 
overland propagation, and so the Signal Corps and the Air Force 
set up a chai~ of Ioran stations operating at 180 YC which ~as 
finally operaitonal in 194A_ They had a station in Bre~ster, 
Ma_-s-:;, -:or-1e in F ':. _ Casr,-:e 11, ~LC. 2.nd one in !·:»:=-v L.a r•;;'=', F J::. 
fine job of site selection. 
to,:,~:: 2-. lot of d-?..ta. 2.nd then wrote 2. ve'"'/ g::-c-,:j repoi-t •::w it. 
OP::::-P-22 .::..nd 0":3-P-23, which Cl.re n·:·~'-' i;; ve1·y short ::=upi::1-·--

This 180 KC loran had one distinct dis2dva~tag0 - they were 
able to make envelope measurements and they wre able tc match 
Cf"C les, b~At U-:·:?y \!,.'::?re L~nable to fr•-3.ke U-:e e11v•:::'lcpe rc'.?.tct- - -. +!·:·=:­

accuracy to reliably select the prooer cycle. 

The L.F. 1-.:::rar. chain w_;-,-s tJ;;::::-q 1_~:;2G in ni~· Force· op..:::i·:::.•t-=-~s 

t.r,::: ... t- tc!i:1k i='l?c•:? sr-•. :;rt.l~/ aft.er t-r,2t: c,~·ie w.~;_·::; fJ::·erat ic1n '.·~:_1=-:!-: [_)·-: 

i1""1 c:a1-.,.3.~3__ Tt-:~ Ai~, F!:rI'Ce tcn:-1< lt-~~~ LF ~-·=1}"'C)'1 :=t.at-i·:-~-,=- CJI .. .!~. ,-:·f fr-t~::-

Ea:;t C0ast and shipped the1~ to Canada. 8a~r2ge balloons ~ere 
use·:! t·-::: ::;1_.ippor t. antennci.s 2.nd thev -:=et ,_'"•em '--T·, one in (-' i ':• 1 ey, 
one in Hamlin and-one in Dawson Creek_ Thts chain ~as U5ed fQr 
navigation of the ~ircraft up tt~re 7 hey were droppirg 
pet_r.,:::>1'2urn ot i-.1stallations in the the i-"-::•rthei·n'Ca.no-<13 e<r·??. :=.nd 
they were very successful in using lor2n for navigation It 
worked so well they decided to use it during Operation Beetle 
in the northern pa.rt of Alaska. :::;tati•-::•ns \'1t:.-re set : __ Jp, ·-::-1•::::· -::>.t 
Cambridge Bay, Yukon, one at Kittig3zo0t and at Skull Cliff 
Al3.ska. _ They r11ove·:! the transmi ttin;_;:_r s~at-i-·;ns there and t·ui l t 
625 foot tower:; for the an-t.enn2.·::;_ Unf-:T·tun-?lelv, the p·:--:-;· 
conductivity cf the permafrost made it impossible t0 
synchronize the stations - they coundn't receive the M2st2r at 
the Slave3, so the whole thing turned out to be pretty much of 

About that time, however, Win Palmer bac~ at S~erry ~as 
th~nking about how to resolve the cycl2 ambiguity ~f the 
system. He came up with the idea of u~ing two fre~~encies, 180 
and 200 KC, and he called the system C~CLAff. He scld the i~ea 
to the Air Force and we built up a couple of transmiters ?nd ~ 
monitc1~ receivei·_ !.Je set up the t:·-3.nsr···i-f:.ters -3.t the M;:o·kc-?y 
radio stations on the West Coast at th0 end of 194?. ~3C~3Y 
h-C<.d twc• st.::;._ti·:·ns, 1:or1e e1.t P2lo ()lto, ca:_ifo»n:ie 3.n•j the ·-::d:her ::i.t 

Hillsb~r0, near Portland, Oregon, each with a 625 f~ot to~er. 
Fi~~re 6 shows the one at Palo Alto. 



The only problem was that the towers were grounded, 2nd so 
a special feed for the antennas was ne~ded The co~pler was 
mo~nted at the top of the tower. The 3ntenna cable ran ~11 the 
way up the tower and fed into this coupler which drove the top 
loading elements and induced currents back into the grounded 
antenna. We operated there with lOKW transmitters W£ also 
had, cf course, the problem of restricting cur sid~band~ at 180 
and 2C') KC, so we had a ba.ndpass f i 1 t.e-1' bu i. J t. to ro.:-:·s tr i r: t. the 
sideband radiation. 

Trn? moni lei' receiver w::is m·:•unted in a i:·:? 1 van, 3 re<• l 
beauty. It had 10 speeds forward and A reverse. 0 sign on the 
dash identified a maximum speed of 45 miles per hour and it 
really meant it. On a downhill run I was once able to re2ch 
mph, and the van tried to shake itself apart. We h3d the 
monitcr reciever in the van. Receivers in t~0se d2ys were a 
bit different than they are now. Figure 7 shows a small part 
of the receiver which operated at 180 ·~nd ~00 KC. Actu?lly, 
t.he ti me t.hi s i:ii cture was taken the CY CLAN ::.•r':";irarn had •.:ione 
thr,:•u,;h another cycle. We had h2.d som":: pr'~'t:,lems with tr·,·:? 10 
transmitters because the stations were 550 Miles ap~rt, and, 

bv 

L··U ;.--_ ... _ 

•,•?e :;:.xpected, ~'e could synchronize in the ch.vtirne bit. nc,t 2.t 
night when the noise was too high. In addition to that. one 
day we turned 0n the receiver and the scop~ was solid ~i•h 
in~erference, bigger than any of our signals. We n~tice·J that 
it was -3endin•; Morse code, the letters r-10E_ It tLffGS c:1t. u-,;::.t 
tT1~J~: w2.s *!f-Eat- t.r1ey c2.lle•j 2 new ffn?;jiL~fi1 fi-·ecr.f2r1,:'-l crr1"n'"1i-r211 1;le. 
Actually. it wasn't medium frequency at all, it was operating 
at 190 KC, with 10 KW output. The CAA had installed it in Half 
Mc::T1 E.a'/, just over the hi 11 f l'Om us i ,-, Pa.1_ ,:, L~ l t-o, 2.nd '""=:?.d j t~s t 
turned it on, to experiment with the MOR. 

Tt-·::.t- and s,_::: .. ;~ral other problems ir·{·~ce·:l u~ to ~•-1ance U-·s:· 
frequency from 200 KC to 160 KC. The ~ir Force ccntracted with 
Sierrra Electronics to build 100 KW amolif iers for the 
transmitters. We went back to California and the re~eiver in 
the K:::n van. ',,Je fin;:.dly 9ot measLH'ements ::=n the b.:::.sel}re 
extension near Palo Alto and then move·i to Death V?lley. 
Me2.surement.s there c~=:::-mons tra. ted the pc·::·1' c·:·r~dt~c ti vi +.y of t. he 
mountains and the valley. Most of the operational date was 
t.=: .. _~::en 2_t- Re11=:J_ 'Je f::•'-~Il(:f tt1at ··~le ~·ere :::.;ble t..c· r;-;ea.~-t1r=e tirr=e 
di~ferences to a standard deviation of .06 mi~roseconds, 3bout 
a 34 foot error in line of position at Rens 

All the evidence indicated that if we went down to 100 VC 
-.T-...~ ':... ... , ,· = we woL~l d be a_ble tc do eye le matching ·:·n a s 1n•;i1 e f 1'eq1_1er1c ·1 

we would have.:::-. system that would '*'ork on '=•ne freq·_i~ncy. 

Un;•::irtur.ately, <:1.bC'..!t tha.t time the Air Forr~e ,jecided t.h<::t 3. 

system named WHYN, which stood for Wob~ulated Hyperbolic 
N2vigation had more promise. It turne~ out to be nothing but 
promise_ The next year the Air Force decided they did need a 
lcran type system t0 be an all-weather tactical bcmbinc 
sy::;tem. 

T~e new system was named CYTAC, becaus0 CYCLAN ~as 



obviously obsolete For the first tim~ multiple pulsing and 
ph2se coding were used. Because we kn~~ it ~ould n~ver nave +~ 

be compatible ~ith loran, a repetition interval of 51 .2 
milliseconds w~s selected. We had thr2e tr2nsmitters - ~ne 2t 
Fc-rest;::•ort, New York, which you ~;-3.ve a! l he;=:.i-d of, ·:-:.·ne =>'. 

Carolina Beach, N.C., and 0ne at Carabslle. Florid2. W? q~t 

the one at Forestport started first_ There ~~ had 'he 1 100 
foot- tower and produced some very inte»est.i n•] propi'""•·iati .:·ri 

results. We had what we called a ground monitor r~~eiv2~ 
loc.:;:;.te-j in a ti-ailer that :,.:as hci.uled a.r;::und the co1_n1try L'e 
s t~'Y te·:! out work i nq our wav· west f rorn r ·:-res t:::,,::_-.r t _ The c•ei:·p 1 e­
at Sta~ford Research Institute had dev~loped a nice lit~le 
r,1,-,.--'••l-..t,-·1- f·-·1· ,.~ -1-_1;_,.t_ •ga•v;;c- us a r-,i•lsf=· ,-,nI·~· _r:; C'/rlc··~ l•·n·~ t·:itr--

, - -· 'r...11 0. - - . - _-.. - I - I - -· - -- ..._. ~ - - ! - . - ·- ·- - :~ J • - I 

a 3 cycle rise time. It was very nice. and it made for 
excellent propagation Measurements_ Unfort~nately, som~ cf our 
Canadian neighbors objected, so we had to gs to a longer and 
less violently rising pulse. When the rec2iver tr2iler tcok 
off to the west, the Bureau of Standar~s w2s ~ith us wi~-~. their 
own instrument~d trailer_ We nade the first good prop2~?tion 
measurements of skywaves to determine ~ha 2bility ts prcpagate 
beyonc'. wh-::<.t W-::<:s called the ·~eoriietrical--·:·pt7.c2.l line ·:•f =:i;::l-ii_:._ 

NBS really couldn't settle for thei~ little tr2iler. so 
thsy d-:::c i ded th2y needed something bet 1:->=:-r, 0 nd by u-,e ti'::;:::· ~-he 

program ~as half over they had one wit~. which they ~ere able to 
do sor.-··:: '.Jery i~~terestin•;::; tf-:ing-=-- For ,,.-,,:arnr:•J;::·, we hz0 d the 
airborne recieiver in a C47 and ~e ~er~ using it tc fly 0ver a 
grcLffld rnoni t.01·. The i'-18S p2ople dee ich-~·j Uic/ ~·ould ma.ke '='-

camera obscura inside the trailer and ~ith that they cc~ld see 
t-he pl2x1e fl'/ ;:,v·erhe-3.d 2_nd they ::•:•uld +.ell e::c:a.ctly ·i+-;at i.ts 
flight path was_ This was a lot q~ick2r than the vertical 
camera photogr2phs we had previously uced. In order tc flv a 
lin,."? of positi:•n.-cw'~ had some little pr.-~·l:•ler·;:::; ~·1ith ],:,gisti.r:c;_ 
~:!m:.dge pots w2re used a.s m2.rkers t-o te 1 2 t.he C47 ·,,;bi. ch ·.:-'i'IY t::; 
f ! "/. 

The airborne receiver was supposed to be mount.Ed in ~ pea. 
Fig~re 8 is a drawing of the way it was going to be. It w?s tc 
go under the wing of a fighter, an F84, I think it was. It 
cct;ld 3.lrnost h-~ve ,_:;otten in there e::~cE·i:,+_. fc:·i-- ;::._ few ·:·f th.::o: ser·I:· 
co~ponents which we never did get mini2turized. 

We also investigated a portable antenn2. Figure 9 shews 
the balloon we used to lift a single wire antenna. We flew 
this up -::<.t For~stpoi·t and found thc..t. i ~- wo1·ked very well. 

Ab0ut that time the 829 with the airborne recei:er wa~ 
finally getting in~o operation and mak~ng some good 
me.::•.sur·:?rr•ents o• actu-3.1 navi;;::iation of ti:e aircraft •.·1ith th<:? 
cc;·,~·Ub:?r. Unf:t1~tun2.tely, 2.t that. time the r~ir Force dECi•:'ed 
that the CVTAC system had too many problems and that inertial 
sy~te~s could satisfy all the requirem~nts, which 8eant a 
ground based tactical bombing system w23n't reqlly required, 
and so the CYTAC program was shut dswn 



h-:!.ve noticed on the block diagr.::-m t.he little word "NARO! __ ", 
which is loran spelled backwards. Just ab0ut the end of the 
CYTAC program, there was a nuclear test seri2s in Nevad? called 
Operation Teapot. People ~t AFCRL had decided that th~v ought 
tc be able to locate the e:=~plosions vi01 the electrc·rr,agn•?tic 
pL~l se. Th. 

i I 11 s J of course, was classif ie~ for a long • . . - I- .. . • 
· .. 1 rm·' .. uu ·-· 1 ._ 

n::• l.:)1'"1ger is. 

It just happened that when the CYTAC program ~aE over the 
Pacific nuclear tests Operaticn Redwirgcaroe ~long, and ~o ~e 
took three ground monitor receivers an~ one transmitter out 
into the Hawaiian Islands area. We set up the transmitter at 
Haiku, on Oahu: This was the only time that the lcran 
transmitter was used with a valley span antenna. It ar+ually 
L~s-~d th•2 antenna thei.t had pl'eviously b·~en u:=.ed for PAD!'\, a 
name ~hich you may find familiar, and the RPDUX equipm2nt was 
still in the building we occupied during Ooeration Red~ing. 
Oro::? C•f t.t-~e !f!C•!'li t·~rs !~.Et.S a.t. t1i;j~r2···./ Isl.?:i:j, :::~12 c;1, t-1.3_!.-~i, .::=11f"j tf-:e 
third down on the island of Palmyra, ~~ich h~s an ?ir ~trip 
that had been used extensively during Worl~ War II As a 
matter of f2,ct, there were quite a fe¥-' facilities, inch•·jing;::; 
tennis court. The island was actually owr~d ~Y th° Fu 1 l2rd-Le 0 

family of Honolulu, 2nd Otto Hornung, 
his time in a tiny house on Palmyra. 

tf-·1e c=.;.r2t~k2~-, sr,·::·r~~ -~.11 

~11 th2 buil0ing~ ~ere 
pretty well run down, but we were able to 0~erate ~ mo~itor 

of the ground monitor receiver (SMR) oLlt of the tr3iler •o move 
to Palmyr.:=i. is :;ho.,,,•n in figure 10 . Ev,:=:rythin';i e:==:c-?;::1 t q-,e r<:<.ck 
at. the e:=d .. reme left is the GMR, e:;·::;enti.::;;.11"/ ::;_ ·:;ec,:·:-.j gt:ne!·aticn 
of the loran receiver. That form of c~nstr~ction ~~de it very 
handy for troubleshooting, which was o:casionally n~ce~s2ry. 

About the time ~e qot back from O~~raticn Redwing in 

mid-1'.?.'::,f., the Navy h2.d decided that t.f-F?'f n:::::o::d·?d an :::•.ccui-2te 
positioninq systeri-• for their su1",,-·ey ships. :·h~ Cc,:::•st. <::•.J;:•rd 
then came to Sperry to buy a modification of the CYTAC system. 
Agin, the name was changed to protect the innocent, and 
Loran-A, -B and -C were born. Of cour::;e, the first thing we 
had tc do was to move the transmitters, as the configuration 
to~ CYTAC wasn't ideal for covering th~ oce2n areas. lh~ 

Fe rest p·:'r t st.:?':. ion w2.s :nov2d to t·'.2.r t.h2-o Vi 1'•? •_;2 i·d, ,,11d ~ ;·;;? 

Carabelle station moved to Jupiter, Fl~rid~ 

In '-'::-~::: we had ju.st abe•At. finished ·.·:hat •.·:::;s 2. p1- •. :,to' ·,,,::,·:::· •:::·f ,.., 
tr.:=..nsistori:z:ed airborne receivei-. Act· .. ;all-.'; it. W-='<~ the •irEt.. 
and I think only, receiver with random siz~ msdule~. f~r ~hich 
80b Fr2.nk can t..:;;ke full credit, or bl.::;":·e, ·.c·1-.:icheve;- is 
2~propriate. ~!though designed as an ~irb0~n~ rec~ivei ·twas 
eventtA3. l l y bou:;:iht. by the N::-.vy ard name•_; th,~ (1!)/·::;pM- 2t:. 

The first sodel we too~ in a Coast Gua~d RSD f0r flight 
tests. We wanted to see whether skywaves cculd re2lly be 
received at Ieng distances, so we headed s0uth. We went to S2n 
Ju3n, then to Trinidad, to Belem, and finallv woun~ up 2t 
Na~al. Figure 11 shows signals at nig~t i~ Natal, ~itb •he +~p 
t;~?ce th-= si•;in2.l from the Master, the r:·;iddte one J• ... •;:::rit.£·1- 2nd 



the lower one Marthas Vineyard. We were actually locked en the 
first hop skywave and you can see the second dand third hop 
skywave there. We were able to use th·:·se si9nals to get. 
position information which was good to a mile or s0 over 3,000 
ri! i l es a'!.h•a'/. 

1958 was also the antenna at Carolina Beach came down One 
of t.ho·:;e hr_~rricane ladies C-::tme along and ne~.tly chc·pped the 
self-supported antenna down. Since then the Coast Guard has 
been e:=<periment.ing with ant.enna.s at. CaYolina Be<:1.ch, and neow h;:..s 
an inverted V. 

The next Lo~an-C chain instlalled ~as the Mediterr2nean 
cha.in. The FFN-39 t.ransmi t. ters were i nstal 1 Ed at. ·n.rovs pl 21c es 
in the Mediterranean. The chains proliferated over the ne~t 
few years, so that. the Loran-C coverage at the present time 
looks something like figure 12. 

Ycu rnight hc..ve not.iced on u-.~ fvmi' y l!'•_'O'\C' the l'-'Ord 
"NUDES" . This was actual I y the AN/GSC,:-44 2nd t·JUOE'.::; stocd for 
Nuc l eci.1· 1Jet.on.;:: .. t ion Eva. I ua t. ion Sys t.em. Ac t.tJa I l y t.hi? 
installation was the reason for the Sylt. station gcing to 
Germany. The GSQ-44 equipment was ins~all~d in Air Force 
trailers, and they had three of them situated in Germany for 2 

while until the !J. :3. Air Force st.a.t.ic;ed in Er_~rope got tired 
of maintaining them and sent them home. 

One of the other things on the block di2gram is timing, and 
of course there have been a lc•t c·f t.hi !<,;is ·:::!·:-n=- 1·eceritl y in 

a ccpy of oart of the report we ge~ 
weekly from the Naval Observatory showing the time phase of the 
various chains as a function of time. You can see that the 
variation is gen~rally less than a tenth of a micr~second per 
cf.a .. /. 

Loran-8, shown in the block diagra~1, was an ide3 that never 
•.;ot. off the ground. LORET is another lor<i;_n ·-.ta.riat.i::•ri that. ha.s 
been successful except that the military hasn't bought it for 
applications such as search and rescue 

The last part of the diagram is loran c0mmunkcations. The 
coast Guard of course has used loran p•,lse time mo~ulation on 
loran pulses for their int2rstation cohmunication on the 
Southeast Asia chain. The Navy starte•1 a program called Yankee 
Clipper, finally named Clarinet Pilgrim, which takes a 50 baud 
dc:•.ta st.Team a.nd modu!at.es it on 6 of the 8 r-·ulses in the 
Loran-C group. That system has been installed in the Southwest 
Pa.::ific. One interesting feature of t~·,e S'.Y .. ~thwest. Pacjfic is 
the multi-hop skyw3ve. Figure 14, tak~n a~ Iwo Jima ore night 
shows the skyw~ves for at least 2000 micro3econds. 

The one thing that I have been impressed with in this 
operation is that development has been interrupted 5ever~l 
times, mostly because the customer decided that other ~etter 
promoted systens were preferable fer reasons that ~ere 
ge:12r2lly not tech;1ic.~ll)-' ::::·:•unj. This is 1·efli~ct.e~ ever rE·w ir 



pressure from other navigation systems, some of them better 
promoted than loran_ It is again tending to push the loran 
system out of certain applications_ I think this is something 
that we should remember and be cognizant of, and recognize that 
the selling of loran is a very importar1t function for all of us_ 
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FIGURE 2 Area over which SS Loran was available 
for air navigation during the winter of 
1944-1945 at low level and at 20,000 ft. 
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~igure 6 Testing Insulator at Palo Alto Tower 
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~-· .. Cyclan mobile receiver. 

Figure 7 

·0. 



:.·: 

. · 

. . 
... ... 

.... 

LEGEND: 
. I. COOLING UNIT AND HEAT EXCHANGE;R. 

2. DIGITAL COMPUTER. 

3. NAVIGATION RECEIVER. 

4. CENTRAL COOLING AIR DUCT. 

5. PYLON SWAY BRACE. 

6. POWER SUPPLY. 

7. POD SECTION CONNECTION • 
8. ANTENNA INSULATOR. 

9. TAIL CAP ANTENNA • 

..: 

Figure 8 CYTi\C Airbor.ne Receiver on F-84 
- . ·-· 

.· :.: . 

. . 
. . 
..... . ~ . 

. ·· ·: .. 

/ 

.· 

9 



FIGURE 9 Balloon Supporting Antenna at Forestport 
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Figure 10 Ground Monitor Receiver at Palmyra 
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Figure 11 Signals at Natal, Brazil 
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Figure 13 
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U. S. iJAVAL OBSERVATORY 
WASHilJGrON 1 . D. C. 20 390· 

DAILY PHASE VALuES SERIES 4 

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

The table gives: UTC(USNO i:iC) - Transmitting Station 
Unit = one mic.roseconci ' · 

Frequency 
(kc/s-UTC) 

Apr. 27 
2G 
29 
30 

Hay l 
2 
3 

Frequency 
C~c/s-UTC) 

Apr. 27 
28 
29 
30 

May 1 
2 
3 

l'i.JD 
41434 
41435 
41436 
41437 
41438 
41439 
41440 

i.iJD 
41434 
41435 
41430 
41437 
4143G 
41439 
41440 

LORA.cl-C~~ 

Northwest 
Pacific 
100 

0.6 
0.7 
0.7 
0.9 
0.6 
o.s 
0.7 

8 
'2/NY 
10.2 

l,OOo+ 

723 
722 
]"? .1..-

722 
723 
722 
722 

LORAH-C* LOR.Ai.~-C 

Central East Coast 
Pacific U.S.A. 
100 100 

9 .S(Note 12) 3.1 
9.7 3.1 
9.8 3.1 

10.0 2.9 
10.0 3.0 
10.0 2.9 

3.0 

2 3 
,Q/T n/H 
12.0 12.2 

11,000+ 25,00o+ 

593 932 
593 ;i 33 
593 932 
593 932 
594 9 33 
593 932 

'.) 32 

3 May 19 72 

NO. 2 74 

LORAN-C*l-C LORAN-C* LORAN-C** 
Norwegian Nediterranean clorth 
Sea Sea Atlantic 
100 100 1:)0 

- 7.2 4.1 4.5 
- 7. 4 3.7 4.4 
- 7.4 3.S 4.4 ... 
- 7.4 3.6 4.3 
- 7.2 3.7 4.5 
- 7. 2 4.5 
- 6.9 4.7 

7 6 
0/HY n/H 
13.o 13.6 

l 100o+ 25,000+ 

724 934 
724 935 
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Figure 14 Multiple-Hop Skywaves 
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DEVELOPMENT OF LORAN TECHNIQUES 

Robert L. Frank 
Sr. Research Section Supervisor (Radio Navigation) 

Sperry Gyroscope Division 
Sperry Rand Corporation 

Great Neck, N. Y. 

I s.-t-
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 lhe 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 ad~pted to Loran at the Radiation Laboratory. Dut 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 DIJE. This receiver actually had been preceecled 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 dial{ram adapted from the 1952 Cytac 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 cydes in the mastC'r 
pulse and then phase shifted and synchronized against the cycl<'s in the slave pulse. 
The calibrated phase shift then provided a measure of phase difference hctwecn the 
master and the slave. The first Cyclan equipment used diode envelop detectors, but 
early in the program it was rrcognized that improvem<•nts, particularly under poor 
noise conditions could be achieved by using coherent envelop detection, using a 90° 
shifted version of the cycle reference. This was actually tested in the fiPld for the first 
time in the later portion of the Cyclan field test. Another crucial elemPnt 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 
permitted 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: 180 KHz 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 require_d the use of vacuum tubes. 

Incidently, the possibility of using direct rf sampling hoth 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 lime, 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 arc 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 frequency. 

Incidenlly, the Cyclan receiver used a hard limiting rf amplifi0r: when tl1P 

limitations of this type of operation under severe interf Prence was recognized, a con­
version was made to a linear rf amplifier for the Cytac system. 

Loran has also pu~hed the stale-of-the-art in the area of signal design. 
Originally in Cyclan the intention had been to transmit the two adjacent radio frequency 
signals simultaneously, but in the course of development, a decision was made lo trans­
mit these successively as a double pulse. An extension of this idea lee! lo multiple 
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 Crom one pulse would fall on succeeding pulses. This was solved hy the develop­
ment during the later part of Cyclan program of the technique known as phase codinf!;. 
As far as I know the term itself, although now generally used i11 lh1~ information theory 
art was first applied in the Loran community. Cytac as proposed and in1plem<'11trd 
uses a burst of eight pulses as shown in slide 3. The phase coding utilized originally 
for Cylac was an eight-phase l'Ode extending over 64 pulses. This code shown in 
slide 4 was implemented using a three stage binary phase shifter and the design or thr 
code was based on the theory that the phase progression in each column, is equivalent 
to a different frequency. Thus, each or the eif!;ht Cytac pulses could be c·onsidert'd as 
having an effectively different carrier frequency. This It'd lo the recognition that 
there would be an eight lo one or 18clb rejection of any synchronous cw frequency, and 
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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 Cylac program, such 
numbers were used. The repetition interval was 51, 200 fJ.Sec, which will be 
recognized as a binary sub-multiple of 100 KHz,. and the pulse separation was 1280 
µsec 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 1isec 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 simpll' binary phase code was 
developed, which is used at present, requiring only two Loran repetition intervals and 
utilizing only oo 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 () 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 experimerital airborne Cytac equipment 
did actually control an aircraft in flight through the autopilot. 

You might be interested in seeing the equipment that was utiUzed in the early 
50's to perform these functions. Slide 7 is a photograph of the experinwntal ai rho me 
receiver mounted in the C-47 aircraft. The shape of the receivPr is cletPrmincd by the 
fact that at that time we could not see how to get the receiver and ifs 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 conjunclion with the receiver. 
This was the first airborne digital computer that I know of. It was devC'loped hy 
Hughes Aircraft Co. originally for an aborted short range navigation system known as 
Digilac and successfully adaptive to Cytac. 

In our first public description of the Cytac syslPm which was lo hecome 
Loran-C, we somewhat with lonb'UC in eheek prediclccl rPceivcr weight of 40 lhs. based 
on the transistor which was just then becoming a practic'al rrality, but little did we 
expect the rapid development of micro-circuit tcch11olo1~y which would make our pre­
diction come true with much greater ease and much hi[.';her iwrformance than we then 
anticipated. 
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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 interference rejection. The first was automatic selective 
sampling to reduce synchronous interference. The first use of manual controlled 
notch filters for cw rejection in pulse Loran systems was in the Cytac program, and in 
the ARN-78 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 heen 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 continue lo push the slate of the arl 
in the application and development of new techniques and new technologies to improve 
system performance, and with reduction in size, weight, ·and hopefully cost. 

* * * * • * * * 
Illustrations similar to the slides may be found as follows: 

Slide No. 

1 R. Frank, ''A Precision Multipurpose Radio Navigation System: 
Part III, Instrumentation" IRE National Convention Hecord part 8, 
1957. Fibrure 2 

2 Ibid. Fib11.1re 3 

3 R. Frank "Multiple Pulse 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 Goo.cl 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. Fih'l.tre 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 :md 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 Con 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 LOR . .\..~<; as the Coastal/ 

Confluence National Navigation System. 

This paper attempts to c:ipture this \andmark p~fiod in the evolution 

of LORAN C by providing commentary on the state of second 

generation LORAN C Receivers - design and development. :.iccumplish­

ments and applications. problems and trends. 

DESIGN 

LORAN C. as we know it, has been with us about l3 years. During 

most of this period. nearly a decade. the fundamental design philos­

ophy of the receiving equipment was changed very liule 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 LOR.AN 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 011 convenient labor:itory tests to 

measure system perfurm:ince. 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 :ind 

sometimes unrealistic laboratory tests resulted in real world design 

inadequacies and excesses. Various attempts have been made co 
bring the laboratory tests in line with the re::il world but so far 

it remains an unfulfilled goal in spite of many well intended LORA~ 
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simulator programs. Perhaps, the GRN-99 LOR.\N Simulator has 

the capability to solve this problem. The most serious limit:itions 

of the first generation designs, however, were size and cost. 

The ARN-92 LOR . .\N Navigation Set is in the 100 pound/S IOOK 
class; thus. its use was restricted to special applications. such as 

the Pave Phantom and Igloo White Progr:ims. where this size and 

cost could be justified. All of use c:in be grateful it performed 
well in SEA, not only because it improved our RECCE and 
STRIKE capabilities but also because it materially enl1anced the 
reputation of LORAN C. However. to satisfy 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. LOR..\N C Recei\'er costs were slashed. many 

critical and expensive 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 seci;>nd gener:ition. 

Figure l illustrates this contrast. Fortunately. this variety enables 

Jesigns 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 v:iriety. 

there are now many ways to design a 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 fought 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-l /2 minutes. It did not lose lock in any maneuvers. We 

believe this proved the point. Somewhat more troublesome was 

the alleg:ition that hardlimited receivers experience a dead band 

when the skywave delay is exactly l 000 µseconds. 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 
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FIRST GENERATION 

COMMON PARAMETERS 

COMPLETE RECEIVER 

NOTCH FILTERS 

NARROW TRACKING BW 

LINEAR 

DEDICATED PROCESSOR 

HYPERBOLIC 

SINGLE POINT STROBING 

STANDARD CIRCUITS 

DESIGNERS' CHOICE 
SECOND GENERATION 

TAKE FOUR FROM 
COLUMN A 

COMPLETE RECEIVER 
OR 
FRONT END 
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OR 
STEEP BAND PASS FILTERS 

NARROW TRACKING BW 
OR 
WIDE TRACKING 

LINEAR 
OR 
HARD LIMITED 

FOUR FROM 
COLUMN B 

DISTRIBUTED LOGIC PROCESSOR 
OR 
CENTRAL PROCESSOR 

HYPERBOLIC 
OR 
DIRECT RANGING 

SINGLE STROBE SAMPLING 
OR 
MUL Tl PLE STROBE SAMPLING 

STANDARD CIRCUITS 
OR 
CUSTOM CIRCUITS 

SUBSTITUTIONS, HYBRIDS, OR COMPROMISES ARE ACCEPTABLE 

Figure l 3 
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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 

a laboratory 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 theoretic:Jlly true. 

However, it is easily overcome by using notch filters. ,~n practice. 

linear receivers need :lnd 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 WTitten in tenns of laboratory tests which are 

frequently unrealistic. Interestingly. the linear establishment 

prevailed in the recent .-\R:--1-101 :.rnd . .\R.\1-( ) 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 .-\ir Force sponsorship is Direct Ranging LORAN. 

also called DRL. DRL is a rho-rho-rho system and involves 

me;isuring changes in r;inge 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 l 0 to 

:?.O percent but in areas whe.re 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 ex tensions 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 SB 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-rh<>-rho mechanization. Rho-rho systems measure 

the change in range from two transmitters. They depend for accur:icy 

on a highly stable (expensive) on board clock which may or may not 

be phase synchronized with the transmitter docks. It is used in 

speci:il applications such as propagation studies and off shore differ­

ential positioning. To highlight the difference we sometimes say 

that in DRL you rho-rho-rho your 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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CONTOURS OF CONST ANT RADIAL ERROR 
LORAN HYPERBOLIC SYSTEM 
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Figure 4-

CONTOURS OF CONSTANT RADIAL ERROR 
BIMODAL LORAN DIRECT RANGING SYSTEM 
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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 LOR.-\.N 

Navigation System popularly known as the OIL Program. The 

objective of the OIL Program was to develop a system suitable 

for high performance fighter aircraft that weighed less than 

100 pounds and cost less than S 1 OOK (Figure 6 ). SincT a fighter 

might have to be over the target in less than 15 minutes from · 

alert, fast reaction time was mandatory. :\toreover, 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 OIL System; 

so two of the competing companies, Teledyne and Litton. 

developed new receivers. Both were hardlimited receivers. The 

Teledyne receiver, the TDL· I 01, 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 tlown at 

Eglin AFB in l 970. Different government agencie~ bec:ime 

interested and funded a variety of configurations to satisfy their 

special needs. This led to a family of systems which :ill derived 

from the same design\ Figure 8). This is a complete fully auto­

matic receiver and weighs onlv 3 pounds 3 ounces. Figure 9 - . 
shows the chronological dt:velopment 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 ·:ire 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 .-\.RN-10 l 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. I 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 difficult 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 LOR.-\.N 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. 

ACCO.\IPUSHMENTS AND ..\PPLICA TIONS 

As :.l result of LOR . .\N C :tccomplishments in SEA and the obvious 

attributes of the second generarion designs. more and more LORAN C 

10 
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COMPARISON OF LORAN C/D RECEIVERS 

AN/ARN-92 AN/ARN-85 AN/PSN-2 TDL-101 

WEIGHT (POUNDS) 48 47 12. 7 5 1/2 

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) 

SETILE TIME 10 (/\,IN) 10 (MIN) 5 (EST) (MIN) 3 (MIN) 

TOTAL TIME , 28 (MIN) 28 (MIN) 8 !EST) (MIN) 3 (MIN) 

VEL. A ID REQ'D YES YES NO NO 

T57058 

Figure 7 12 
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applications are opening up. Many new applications (See 

Figure 1 l) are practical because of the improved performance, 

smaller size and lower cost of second generation LOR.-\N 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 gr:iphic story of actual re:il 

world situations where Teledyne's LORAN C Receivers have 

been used. Time doesn't permit a complete accoun(but this 

is a fairly representative cross section. These growing ::ipplic::i­

tions have a snowballing effect. They stimulate a dem:ind 

for expanded and improved LOR.-\~ C coverage and as 

coverage is expanded and improved. the applications will 

increase thus creating new and broader coverage demands. 

PROBLE~IS 

The biggest single problem facing LOR.-\N C is the lack of 

coverage in m:iny areas. This will be alleviated if the DOT 

~acional Plan is adopted. buc we really need worldwide 

support. Unfortunately, this is threatened by the Defense 

Navigation Satellite System ad\'oc:ites who :ire struggling to 

get their program off the ground. Since Chey have little in the 

way of factual data tu go un, lh1.:y are somewhat' uninhihited 

about their claims. For example. it should be obvious that a 

DNSS receiver is more comple." and costly than a LOR.\N C 

receiver but somehow this fact h:is been obscured. 

Lese :inyone douhc the comple.xicy of a DNSS receiver. rec:ill 

the computer siLing requirement of ..io.OOO words stated in the 

.-\.RN-10 I RFP for DNSS provisions. I think we Jll 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 hns a glamorous image. 

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

One is to standardize on ~he definitions of the important LORAN C 

parameters. Each procurement agency has its own definitions for 

signal. noise anJ noise b:mJwi<l chs, inp\1 t conditions. and rules fu ~ 

stJtiscical treatment of measurements. Also. in today's laboralury 

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. Howe·ver 

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 Care still U.S. Government 

agencies. it would seem in everyone's best interest for them to get 

togetht:r on a set of :itand:ml Jelinitions and realislic tesl conJitions. 

Another problem which has 5eriousl~ detracted from LORA~ C-s 
reputacion is the market in pseudo-LOR.-\;\; C Recei\ ers. The~c 

:ire very low cost receivers which are advertised and sold in the 

thousands as LORAN C. but in reality they come nowhere ne:ir 

processing the complete LORAN C signal. They are lil!le more 

than dedicated oscilloscopes. Generally. these pseudo-LORAN C 

receivers track only the envelope. The effect is to pervert LOR.-\~ C 

into a LOR.-\N .\ type system. Since LOR.-\N :\ is designeJ for 

envelope tracking and LORAN C is not. LORAN C is made co 
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LORAN APPLICATIONS 
e HELICOPTER/VTOL 

•HIGH PERFORMANCE & TRANSPORT AIRCRAFT 

e DRONES {LAUNCH, GUIDANCE, RECOVERY) 

e VEHICULAR 

e PLATOON LOCATOR (MANPACK} 

e FORWARD OBSERVER 

•ARTILLERY DIRECTED FIRE 

e DOWNED Al RMAN LOCATOR 

•COMMUNICATIONS 

e COVERT MARKER REFERENCE 

•SEARCH & RESCUE 

•RECONNAISANCE & SURVEILLANCE 

e SAM SITE LOCATION 

•MISSILE GUIDANCE 

e WEAPON DELIVERY 

•INTEGRATED NAVIGATION SYSTEMS 

•UNIVERSAL TIME REFERENCE 

e RE-ENTRY GUIDANCE & RECOVERY 

•SHIPS NAVIGATION 
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appear less accurate than LORAN A. Another type of pseudo­

LOR..\N C Receiver on the market goes one step beyond 

envelope tracking and cycle tracks, but only on one pulse 

instead of all eight pulses; The resulting power lo~ seriously 

degrades LORAN C system performance. These pseudo­

LOR..\N C Receivers have biased many potential LOR..\N C 
customers against LORAN C. In face, some honestly believe 

that LORAN A is more accurate than LORAN C. We c:mnot 

stop anyone from selling a receiver, but it only seems fair that 

the product be advertised for what it truly is and nbt 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 Anny development 

programs will lead to LORAN C Systems for AF Tactical. 

Transport and Drone Aircraft and for . .\rmy Aircraft. Ground 

Vehicles and Personnel and possibly ships. LOR...\N C appears 

to be a logical choice for RPV's. It may also prove valuable 

for missile and bomb guidance and for space shuttle positioning. 

The Navy's applications will also increase as the coverage is 
expanded. And JS search :.md rescue methods become more 

refined, LORAN C will likely play an important role. The recent 

tragic disappeannce in Alaska of Congressman Hale Boggs might 
have been averteJ if LORAN C haJ been available ::ibo:mJ his 

aircraft. Also. the very high cost of the search would have b~en 

eliminated. 

During the ne.xt 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, su.ch as Omega or other VLF, and eventually 

satellites. The software ifnprovements will allOllOperations on more 

than one GRI simultaneously and allow mi.xing 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 utilicy of LORAN C. When 

combined wilh the planned expansion of the LOR . .\N C network in 

the U.S. and the shutdown schedule for LORAN A. it is easy to 

understand the interest now displayed 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 . .\u tomatic Vehicle \lonitoring. 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 

convenien c portable LOR.-\~ C miui-d1ain transmitters are av:iilabk. 

it is practical co install LOR.-\N C anywhere in the world. 
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CONCLUSION 

The spurt of new developments and burgeoning applications signal 
the beginning of the rapid growth in LORAN C popularity. The 
second generation of LORA;'l 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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