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ABSTRACT 

Thc OMliGA 1'0siti011 1,ocation Experirticnt (OPI,LJ) w ~ i s  pcrfortneti i n  IC)h7 by tlic 
Goddard Spacc 171iglit C'clltcr in order t o  dcrnonstrate a position location and data 
collcctiol~ systerli. OMEGA navigatio~l s i g ~ ~ a l s  were reccivcti ; ~ t  a rcmotc site and rctrarls- 
rnitted via a synchronous satellite to  a ground processing ccntcr where data collecting 2nd 

position d ~ t ~ r m i n a l i o n  wcrc performed. Kcccrlt tcuhnological advanccs have made i t  
possible to  dcvelop an Advanced OPLE Systcrn towards a globill search and rescuc 
application. This ~~ppl ica t ion  genenitcd sotne new problcrrl arcas such as the OMEGA 
lane ambiguity, random acccss, Inc:~tivn accuracy, real-tirnc processing, and size and 

weiglit of the Seurcli and 12csc11c C'~)r711~ii1i~i~3tiotis (SAKCOM). This cxprriment will 
dernonstratc the fci~sibility of i n s t an t i l~ i co~~s  ;~lsl-m u ~ ~ i l  position location by using a 
relatively inexpcnsi\lc, ba l t~ ,~ -y  opcratcd. tlir-cc-porrnd package. This package can tr;~nsmit 
the alarm and position through :i sync.lltonous satcllitc t o  s search and rcscuc station in 
less than threc 1lljn1.11es. in all cnvironr~ie~l t  of 50,000 to 100,000 subscribt.rs tlruwn frorn 
thc rnaritimc, aircraft, a ~ l d  rccreationnl conlmuni1it.s. 

INTRODUCTION 

The advanced OPLE (OMEGA Positinn Location Equipment) concept was chosen by 
NASA,  thc Navy, and thc 1J.S C'oast Guard (USCG) as the best s ~ u t c d  system for search 
and lrscuc appl i~~i t io r i .  Fro111 ;I I I L I I T I ~ > C ~  ot'syste111\ tllat were uonsidcrcd. this conct'pt was 
the orrly one that sattsfied t l ~ e  rcqu~rernents of continuou\ glob21 coverage using already 
existing OMkC;A ~iav~gat ion  ugllals:': l:urthcrrnort., tlils systcrn concept IS alrcady under 
devcloprnent at NASA C;SI C' for thls ancl other nl)pl~calions; tlliis. tllc ddaptron of t h ~ c  
5 y ~ t e m  lor  scarch and rcscuc reiults 111 turther suvlngi in deve1ol)rncnt time and cost The 
abovc rationale lcd t o  a proposal for a j o ~ n t  NASA, Navy, USC'G Global Kcscue Alarm Net 
(CRAN) expctir-nenl. 

The f'crur c\scntial elements of these cxl>crlnlents arc;  ( 1 )  Lhe OMEGA navigation signals, 
(2)  mobilc Scarch and Keszuc C'ornlnui~rc~itors (SARI'OM), (3) the gcosyrictlronoiis 
satellite, and (4) the central c1.1tn a c q ~ u s ~ t j o n  and processing station. 

*By 1974 al l  eight OMEGA stations are e x y ~ c t c d  to he operational. 



The very low frequency (VLF) OMEGA signals will be received by the SARCOM and 
retransmitted to  the geosynchronous satellite at UI-IF along with identification data. 
Next they will be relayed to the central data acqiiisition and processing station. 

'There, the location of thc SAKC'OM will be detcrrnincd from the V1,F data, and the namc 
of the distressed party will be obtained frorn tlie ID data. 

'The following technological objectives have bccli sclcctcd 

1. Demonstrate a low cost search-and-rescuc systcrn 
2. Rcducc SARCOM size, weight, and cost 
3. Kesolve the ambiguity inherent in the OMEGA navigation systcrn 
4. Provide real-time position determination and identification rcadout 
5. l~nprove position location accuracy 
6. Increase subscriber capac~ty  while maintaining good accuracy and low probability 

of self-interference 

The first objective will be achieved at  the tirne of the experiment. The second objective 
will be effected by utilizing a modificiation of the ATSIOPLE design for thc SARCOM. 
Major cliangcs will be conversion from a VHF to  a UHF uplink frequency of 402 MHz and 
a reduction in size, weight, and prime power r equ i r eme~~t s  while the ERP remains the 
same. The unit will riot rcquirc an interrogation reccivcr since transmission will be 
initiated at the SARCOM. Thc circuitry will bc miniaturi~ed so that i t  can be hand held 
and provide approximately 3 0  minutes of operation, although not necessarily continuous. 

Through studies initiated at NASAIGSFC, the feasibility of reducing the present data 
collcction platforrn volun~c and weight to less than 1000 cm3 and 5 pounds has beer1 
establislicd. SARCOM specifications call for the following requirements: 

Volume 1000 cm3 
Weight 1 kg 
Output  Power 5 watts max 
Frequency 403, MHz 
Bandwidth 2.5 kHz 
Operation 3-minute broadcasts repeated at  approximately 

20-lninu te intervals 
Data Social Security numbcr (36 bits) or  other unique 

iden tiSier 

These spccifications will require the use of miniaturization techniques. An effort is well 
underway to  demonstrate this feasibility. The OPLE platform circuitry has been bread- 
boarded utilizing recent devclopmcnts in integrated and linear circuits of standard size and 
configurations. Partitioning of circuit functions is cornplctc and large scale integrated 
circuits are being fabricated. The major building blocks will be the transn~ission sequence 



timer, frequency dividers to generate ol'l'set frecluencics, ID data gcncrator, and UfIF 
drivcr and powcr amplifiers. 

The position location amb~gulty In tlic OMEGA qystem as now ~rnplcmentcd rcsults in a 
lane wldth of 72 111n whidl is clearly lnadcqu,ttc for sc:~rch and rescue applications. 'The 
slmplcst technlc,~l solutlon rec1uirt.s that two ;~ddr t~onal  0MbC;A nuvig:itlonal toncs bc 
prov~ticd to thr  alrc:idy cxlstlt~g three OMEGA trat~srniviion lonnat ,  t l ~ s  s ~ t u a t ~ o ~ ~  wtll 
result In a rnore coxi~plcx and therelore lnorc costly SARC7C3M. Since the above rcsult 1s 
contrary to tlic philosophy uf t rud~ng 4rrnpl1clty in tht: SAKC'OM for cotnplexity in the 
ground station, the f 'ollowl~~g possiblr solutior~s to  thc I ~ n e  arnhiguily problcrn will be 
attempted. 

SIGNAL-TO-SIGNAL RATIO COMPARISON 

This rncthod is basetl on thc fact that the a~nplitude ol VI  F signals decreases in strcrigtli 
approximately invcrsely with distance. Preliminary colnputatior~s indicate a location accu- 
racy of + 300 nm a t  the baseline between OMEGA stations and i 750 nm at  the furthest 
location from tlie baseline, which is cert'iinly wltli~n thc 1800 nm accuracy required. An 
understanding of this techli~que may be derived frorn thc following example. 

* 
Consider a platform locatcd at some dist,~ tlce P off  thc baseline of OMEGA station A and 
B, which might be some 5000 11111 'ipal t ds shown 111 I<~gurc  1 .  

In particular, consider the case wlierc the platform at position P 1s 1000 nm from A and 
4 190 nm from B. Lct the platform be re lo~atcd  by 300 nrn to position P in a direction 
perpendicular t o  the LOP so that positlon P is approximately 1290 nm from A and 3900 
nrn from B. Referring to  Figure 2,  the signal from A then dccrcases by about 8 dB and 
the signal from B increases by about 7 dB, 

Inspection of the 10  kHz curve in Figure 2 indicates tliat thc change in signal strength per 
300 nm (550 krn) is generally Inrgcr than 7 ~113, an  easily measurable quantity. 

LOP 

0 P, 

1 1 AB = 5000 NM AP' = 1290 NM 

i AP = 1000 NM BP' = 3900 NM 
PP'=  300 NM BP = 4190 NM 

Figure 1. A typical two-station OMEGA configuration. 



The two signal-tenoise ratios from A and B are first rneasurcd. Since tlzc noise level is con- 
stant during the measurement the differcncc of thc two signal-to-noise ratios in dB can be 
calculated and a hyperbolic line of position obtained. 

The OMEGA signal strength will be plotted for several points on the earth to  assess the 
amount of agreement with already collected data. 

MULTIPLE LINES OF POSITION (MLOP) (KALMAN FILTERING) 

This well known iterative estimation process would utilizc the redundant lines of  position 
using signals from four o r  more OMEGA statiolis. I t  may bc seen in Figurc 3 that thrcc 
LOP'S intersect perfectly only at the true location. At tlic present four OMEGA stations 

are in operation and by 1974 eight will bc in operation t o  provide global coverage. Some 
preliminary results have already been obtained that indicate that this tecliniquc is 
feasible. 

DIFFERENCE IN TIME OF ARRIVAL 

This technique uses the whole waveform transmitted by the OMEGA stations. The  effect 
is that the ambiguity frequency is ten seconds, the repetition period of the OMEGA trans- 
mission. Thc signals from the two OMEGA stations could, in concept, be cross correlated 
t o  obtain the difference in tirnc of arrival; however, the required level of quantization is 
not practically achievable in view of the magnitude of the ambient noise. T o  overcome 
this problem the configuration of  Figure 4 is used. A calibration platform is located in 
the vicinity of OMEGA station A. The signal from station A is transmitted to the satel- 
lite through two paths, the calibration platform and the platform P. The  cross correlation 
of these two signals is maximized t o  obtain the difference in time of arrival r ,  , where 
T I  = tpl + ts - tCl - t l  . Where these parameters are sliow~i in Figure 4; tCl and t l  arc known, 
and is measured by the correlation technique. 

Similarly for  the signal from OMEGA station B the difference in time of' arrival of the 
signal throughout the platform P and the calibration platform P is 7 2  = tP2  + t, - tC2 - t, 
where tC2 and t2 are known and r 2  is trle;lsured by autocorrelation techniques; subtracting 
7~ from T I .  

The right-hand portion of thc equation is either measurable o r  known. 

Dividing by the propagation velocity we obtain xpl - xp2 = constant, where x l ,  x2 are 
the distances of the platform from A and R. The above equation indicates a hyperbolic 
line of position with no ambiguity. Obviously this technique requires less than eight cali- 
bration platforms. 
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Figure 3. Gcometry of redundant grid points. 

A L 

t , 

GROUND 
CALIBRATION STATION 

PLATFORM 

tc2 

STATION A 
OMEGA 

STATION B 

PLATFORM 

Figure 4. Time-of-arrival technique. 



ADDITIONAL OMEGA TONE (10.88 kHz) 

The extra OMEGA tony of 10.88 k t i ~  would rcsult i n  a larir width of 300  11111 ~onip ;~rce l  
to 72 nrn obtaincd with the prcscnt three-tonc pattern. 

Tlic 10.88 k117 tonc is a suhr-n~~ltiplc of tlic, h;isic frcqilency of 8 16 kI17 a t  thc OM18C;A 
ground statlolls ;IIICI dues not ~n tc r fe re  with the existing 10.2 kHz and 1 1 .3  k l l z  OMLC;A 
tones. Thus, it car1 be eaqjly implcr-nrn ted by rrlocl i f  y rrig thc frecluency synt l icsi~cr  at a 
cost of  less than $ 100,000. 

I l l c  dil'l'erencc bctwecn 10 XS hi17 .ind 11.33 hH/ is 0 .353 h H r .  while thc dlfferencc 
t~ctween 10.88 h l i ~  and 10.1 k I 1 ~  1% 0.08 k l l ~ .  I llu d l l l ~ ~ r e n ~ c  bctween 0.08 ~ H L  and  

0.453 k117 j \  0.237 L-Hz, wliicli ~ . ~ ) r r c \ p o ~ ~ e I s  t o  t h ~  360 11111 lanc width abovc. 

Thc optirnurn c n m b ~ ~ i a t ~ u n  of ollc o r  rnorc of tht, ahvvc trchnlqucs with respect t o  cost, 
accuracy, reliability, ilrid cornplcxity are s ~ ~ b j c c t s  o f  a current sliiciy, which ~ndicalcs  that 
all ~7f the melhods d~scuswd  arc t'cas~ble and c;in bc ~nlplcmented.  

Real-lime operation can bc act~ievcd by fl~rtlicr cfforl i n  software and an appropriate in-  
crease in tlic sizc of the cornpuler. 'l'lle abovc-~ncnlioncd cfforr includes a tradc-oil' study 
that depends on  pararnctcrs such as ('PI1 s i x  and storage capacity in the  computer. soft- 
ware chal~gcs, I~a r~ lwarc  chaiigcs a n d  probability of rnissccl alarrns due to cornputcl- over- 
load. 

Presently an rms acc,ur;lcy uf 1 to 7 nr-n is obtained wit11 OPLE cqiripment by utilizing 
skywave corrcctiorl I'or thc 10.7 kHz  tonc from ~>l~bl i shcd  tables and conlputing a 
correction (off-lint:). This method ol' corrrction obvio~lsly supplies an avcrage error hut no t  
the  actual error in real world conilitions sjjatially a11d titnc-wisc. 111 this cxperiment for ad- 
vanced ijI'LE we inlend t o  dcploy scveral c;ilihration SAKi'OMs tl~rougliout the area o f  ex- 
perimcntation at known locat ic)~~s.  Kral-tirlic propagation data i'rom tliese platforr-ns will 
supply tllc control centel- wi tll sl)atial ancl t i ~ n e  infor~-nation on thc skywavc p~.opagation 
error that will cnable us to inc:rcase thc loc;~t io~l  ; icc.~~racy. ( I t  is possiblc that thesc plat- 
fornls could be iiscd for an~higui ty resnl~~tior i  h)i corl-t.1atior1 and dif'fcrential OMEGA 
techniyucs bctween tliu calibration SARC'OMs and t tic distrcss SAKC'OM.) 

Further  ir-nprovcment In accuracy w ~ l l  bc L~c~l~ievcil  hy Inure efficient VLF signal handling 
and antenna design a t  tlic SARC'OM to cnliancc t h y  VLI* signal handling and antenna dc- 
sign at the SARCOM t o  enhance tlie VLF sljirial-lo-nolsc ratio. 

To increase subscriber capacity prcse~-lily tllr W A R C  has allocated 100 MHz a t  VI-IF (at  
406.0 Mllz  to 406, I M l l z  for  t~plinli scarc.h ;inti rcscuc ;~pplication).  The present SARCOM 
utilizes 2.5 k H z  for i ts in forn~at ic~r~  bandwidth, tl1~1s rcs~rlting in  40 search-and-rescue 
channels. As the number 01' Lisers bcc~orncs larger, tllc probability o l ' s i r~~ul tancous  trans- 
mission increases, thus increasing the risk of two o r  r-nore uscrs tralisrnitting in the sarne 
channel during the same transmission tir-nr intc~vul.  This risk can bc decreased by decrcas- 
ing the  transmission interval o r  thc bandwidth r ~ q u i r ~ d .  Thc  forrner will rcsult in lower 



accuracy and the latter may increase the complexity and power requirements at SAKCOM. 
This is clearly a trade-off problern. Preliminary results indicate that with onc hundred 
available channels and five or more sir-nultaneous alarms, the probability of two or more 
SAKC:OM being on the same cliannel is about 5 percent. 'I'his trade-oft' analysis will require 
more data on accident statistics which will be supplied by thc U.S. Coast Guard. The 
determination of cost functions or  pertinent parameters sucll as false alarm, missed alarm, 
and so on will facilitate decisions on system design. 

SUMMARY 

The techniques outlined in this paper should not be considered finalized at this time 
since the experiment itself will bc used as a vehicle t o  perform optimization and trade-off of 
the various possible solutions to  the search and rescue problem. 

The Development of an Advanced OPLE concept will also offer a capability for other user 
applications. It is anticipated that interest will be solicited among data collection users 
for additional experiments. The U.S. Naval Oceanographic Office has a requirement for 
real-time buoy tracking experiments t o  improve ocean current forecasting techniques. 
Interest has also been expressed by scientists in meteorology and ecology for a real-time 
data gathering system. 




