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MINI-O, SIMPLE OMEGA RECEIVER HANDWARE FOR USER LDUCATION
by

R. W, Burhons
Avionlcs Engineering Conter
Deparhment of Electrical Engineering
Ohio Univensity
Athens, Qhio 45701

ABSTRACT

A problem with the Omega Syslem [s o lack of suftuble low=cnst hardwara for the small wier communtly. A collestion of da=t-
yourself circult modules are under development intended for use by educuiional Tnstitutions, wmall boat awners, avistion enthuiloss,
ond others who have some skills In fuliricating their own elecironic uquipment, Applicalions of the haniwars to time=lrequency
stundards measurements, signal propagation monitoring, ond navigation experiments are presented, Dotafled clreuit [nformation is
In preporation for publicatfon In another journal, A fomily of Minl«O systems hiove been comiructed varylng fram 3he simplest R
preamplificrs and narrowband filters fronteends, to sophistzated micracomputer fnterfnce odaplers.

INTRODUCTION

Do-it-yourself electronic systems have became incraasingly populor na evidenced by the forgn circulation of populur-orlenied
elecironic magazines liko Papular Efectranles, Radlo-Electronles, Byte, The Audio Amaleur, as well s o hast of smaller club-iypo
newslelters devoted to bath the professional and amateur elecironic circuit buff, Dozens of firms specialize in wpplying hordware
{tems af low=cost for the kitchen table ond basement workshop experimenter,  Low budget educalional institutions hove made very
good use of these developmants in providing themselves with sophisticuted clectronic equipment which they otherwlse could not
afford,

MICROPROCESSOR TECHNOLOGY

The explosive growih of microcompuler systems during the past year or so Is well demorshatud by the clreulation of new publi-
cations such os Byle {circulotion > 50,000} devoled entirely to small computer systems or personol compubing systems Lased on the
rocenily developed B-bit micraprocessors (eentrol processing unit of o small computer which lundles data bytes in an B-4i1, 28 forman),
It has been paiimeted thet tens of thousands of persenal compuiing systems have been fabricated In the pust year due to the wide avail-
abllity of febrication kits, pariially assembled circult boards, ond single chip devices at low cost, A minimal computing system with
1000, 8-Lit words of permanently slored monftoring progroms {ROM)Y and 1000 words of temparary memory {RAM) can cott os low o
$300 complete with keyboard, hexidecimol data display, aad vven o cossette recorder for permanent starape of lurge Lilocks of
program saftware reutines.L M For an additional 5200 or so, the user con supply himsell with o sophisticated data input-autpul
device in the form of a TV Typewriter with a full alpha-numeric keyboard which displuys English texd ar grophical moterial o
"pages" on on ordinory TV sel. In the samne price range o number of hard copy printers are now avallable whieh supply permonent
cepy on erdinary adding machine tope.[2

Mieropreepyiors can alsa be Interfoced with a greal varlety of external instruments as input-suiput devices through the use of
skandard digital-to-analog or anglog-to-dipital convenion roatines, Omepa receiver syslems ore a prime candidate for theso techniques
where some minimal front-end hardware is used fo supply raw Omega dota in o format suitoble for saitware monipulution w tth o miero-
computer system, In the simplest micropracassor-orfented Qniega recelvers this raw dalo 1s softwore {illered to obtaln line-of~position
(LOP) information for two ar more selected Omege stations which are In turn recorded on o strip chort recarder through o D/A con-
verter for use by the marlne navigator,

The Mini-O system is canfigured to supply the basic front-end und timing sysiems neceisary to aperote o microprocessor or Jo
be used s an independent monftor receiver with vorious forms of hardwore signal processors. Very complex systems may be fohricated
for @ hardware cost of under $1000 when the user supplies his own electrenic cireuit fobrication and inlerface wiring skills,

MINI-O BASICS

The Mini-0Q concept Is an ('maga receiver configured In circuit board modules comisting of an entennc prmmp!lfitr,[m front=
end filter~limiter, zero erossing and omplitude comporalors, and o minlmal Omega sequence timer with fulernol or external clock
reference oscillotor, Varfous other madules have been devised to hardwara digital filler the row e und to supply informatien ot
a sultuble low intecrupt rate for microprocessor use, Figure 1. The finr Minl-O receiver supplied dota In a 4-hit formot for direct
recording on a strip chart recorder with simply averaging cach station phasa over a single lime slot, [4) The most recent Mini-0O
receiver supplies Omego data in o &-hit format for éach lime slot ot a low, 40 Hz, datu rate vsing the digital equlvalent of o
superheterodyne recelver method. The superhut uses the Internal clock as o local escillator to pravide a low intermediste fretquency
(IF} ot a low 4D Hz frequency to match the digitsl IF filler churacterlstcs to the analog narrow band input filters,

Progress in preclsion wristwatch technology provides law-cost means in the feri of quartz tuning fark ond mechontcal bay
resonatzrs o analog Filter the raw Omeye signal.  The bundwidith of the front=end is in the range of 4 Hz 1o {4 He which provides
quite good rejection of noisz and off-chunns! interfering corriers.

SIGNAL AMFLITUDE DATA

An crample of the autput signal amplitude envelope from o Mini=O front-end is shewn In Figure 2, This type of reearding made
on o Heathkil recorder with o 10 second per inch chart drive speed, i3 useful for monitaring signal empliluda variations of the Qinega
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carrier wove, An gxomple of tha effect of local absorption of signals white flying through fog or clowds I3 shown tn Flgere 3, whern
the rippla on the peaks of the siunol umplitude chonges es the receiver ontenna maves Tn and out of tha cloud fermations. Annthee
example {s the effect on Omega signal omplitude ot local sunit when the phose discontinuitios are mos) pranaunced ond the fack.
ground nalse oppeory to inereuie, as in Figure 4, These Hluslrations aho show the perfamanee of two different types of yronterm!
systems, o 30 Hz bandwidih model with two tluges of ceramic Tillerdng versus a 4 Hz madal with o single sloge quean iz toning fark
filter £ This type of amplitude dala Ts of considerable volua to thy experimenter fn wdyeoting tbim an the peeuliariies of Qmrgy
stgnal raceplion for o variety of racelver operajing envirenments,  In porticular thy use of very noreow ol analoy BT methords in the
Mini=Q recelver allaws inspaction of signal amplitude data which s often not poslble in the raw oulpul from a conventionul 100 H,
type of Omego front-end,

DIURNAL OMEGA DATA RECORDING

All Omega users aro familiar with the divmal chonges in the Cniegu LOP grid, An exomple with the Minl=O racolver debiy
datw for thu G=D pair Is shown in Figure 5. This also Hlusirates the reversa subtraciion of D-G which guve ensentially the somua sesult
24 hours carlivr only oppesite In phase directtan, Another phenomena nated in Flgure 575 60 Hz hannonls bunt noise caused by e
170th harmenle of 40 He power machinery in the lecal monitering environment, This type of interferance often plogues Omego usery
who abtempt regeption In their urban basement wotkshop with o short whip antenna stuck out the attis windiw, Flgure 5 wos made on
o Heathklt recorder with o 200 min/inch chorl drive, Mote that the diserota 4=bit steps Tn the totnl possible phase vurlution of 14
steps for one eycle {one lane) can be seen on these 24 hour dela disploys, Another uxomple of the severtty of Jocal 40 He Interference
i3 illustrated In Figure 4, where the operalisn of heating and alreonditiening equipment radiartes 10,2 KHe signuls In regulor cyeles
which drift In and out of phase with respect to Omega,

It should be poted that bolh Figures 5 ond & were rocorded whure the effective bundwidth of the dightal fillering wus anly abeut
2 Hz or where the 40 Hz IF was sampled by dividing by 5 and then simply overaging enly 5 sumples of tie rewlting A 112 signal (Fe,,
-:1'575’3-— = 5/8 Hz pur Hme slot, with no odditional tracking loop filtaring). Thus this dalo represents very ruw single lima slot Omego

data with o very mhmum of processing, much less than used in mast other Omego signal procussons,

BICEMTENMIAL DATA

Another type of diumnel| data display is shewn In Figure 7. This was mode on o Ruslick recorder with a chart spaed of sbout 1,/4
inch per hour over the bicentennial weehiend of July 4, 1976, The recording Tlusiratus how reproducibie the divine! chonges ore in
thay the previous day's scatier of data polnts run bo used to ovurlap the current duys dafo ot the lane crosing points from obout 1200
te 2400 hours lacal time.

PROPA GATION PHENOMENA

Another type of observation passible with simpje monitor recelvers Is the recarding of sudiden jenospheric distulainces, Figuro 8
i an exomple where the C=D pair would namally be writing o siralght line over the period 1700 to 1800 hours local time In late
tarch, Hewevar, a significant departure wos noted on March 22 which was not ubserved ot the same 1ime of duy en March 23 or 24,
This effect Is rypically of durotion less than o half hour and with @ chaage of o fIlth of o lase or o, or sbov) 20 centicycles. The
effect is observed here even In the presence of sirong perfedic bursts of local ground based 80 1a hormonie Inteiference,

INTERNAL OR LOCAL CLOCK OFFSETS

The Minf-O receiver system can be used fo determina the intemal receiver clack afflsel orror or even any exlemal clack which
happens to have e binary crystal frequency operating at 2% Hz, The receiver has been devised fo use low-cost quariz oselllators of
the type used in digital clocks and watches, A SinclairBlackwareh” aperating a 213 Hz was medilied to pravide the oselllaler
output through o sultable buffes which in turn con directly operate the Omega recelver, Similarly o Westelox " GT-500" replocement
clock mavement operating at 2%} Hz has been used, A comparlson ef the local elock drift with respect to Ihe Omega signals I
Hlustratad in Figura 9. :

The time a single skatien signal takes lo make one lane changs {ane cyele) with respect 1o the clock can be o direet measure of
the clock offsel error during periods when the Omega stution phose i1 nol changing very m;idly. Wa have consistenlly been oble 10
adjust Sinclalr "Blackwatch" type of 215 Hz crysta) eselflators to offsets to within 1 x 1077 for short periods with longer term offsets
on o weekly basts of 2 x 10~¢ when operated in o room temperature eavironment, This {2 more thon sufficient to aperate a simple
typa of Omege recelver, These types of observations illustrate the utility of Omegs os o precisian Hme-frequency calibrotion source
for the low budgel institutional user. All that is needed is the Mini-O system and the right elock frequency of 20 Hz which Is a very
common one for present digitel watch systems,

MULTIPLEXED LOP DISPLAYS .

One method of reducing costs of a system for the marine user might invalve the use of o single channel recorder which can record
two LOPs by timg=shoring or alternatescycling of the recorded output. An exomple record is illustrated In Figure 10 where Ihe Mini-
O rucelver first records for 90 seconds on C-D then switches for 90 seconds on C=G ond repeats the sequence indelinitely, The C-G
record shows a fane chonge holfeway through, with the C-D LOP drawing o streight line {n this exomple,

NAVIGATION EXPERIMENTS

Several flight tests of the first Minl-O 4-bit system were conducted, An example recording mode in Novembar 1975 during o
shart flight from the Albany, Ohio Alrpart ta the Henderson, West Virginio VOR ond return is shawn in Figuro 11, Here the upper
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truca is o single stutlon pole B=C (85 wos Telnbdud in thove duys) which cleaily shows one fone cange, The 4-bit O recarding was nol
Llankad and used o simple RGC Fllter which shows the translunt behavior of a digitel shbiracten eireult and B/A I this exnpla,  The
boliom hrace b tho signal level from tha & He norrowband frontmand,  Cowrent navigotion rapetinenls o vikderweny wslng an linproved
version of the Mini=Q with a microcompuler Inteifoce.fé

SUMIARY

Examples of the dole output from a single channel Omega recelver opuating at 10,2 KHe aru proseoted,  Yhe output con b wed
by the observer for varlobs Hmu=frequency, propagation, and novigallon experlments, This MintsQ receiver concept bus licen devised
to holp Jow budget users become familiar with the cperatlenal details end prevliarifies of Qinega receivers,  Thu present configmation
of Mini-O 1stowards an tnlerfuce for uso with microcomputur systems which ure hecoming incrumingly avelluble to ahnost any potential
vser of Omega hordwaore, {7 A more detuited account of the actual eircult dolodls of Mini=-O will uppear In a futury paper now 1n
preparation,
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