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system as sole means of navigation over world—wide air routes, especially over
the North Atlantic between Europe and North America. Among those attending were
representatives of U.S. Government regulatory agencies , domestic and foreign
avionics industries , and the scheduled and nonscheduled airlines both inter-
national and domestic.

The conference was called to: (1) discuss the requirement for and feasibility of
establishing an Omega data bank as a depository for data illustrative of Omega
propagation , (2) to outline the resources available , general plan of operation
and conditions for participation by interest*d organizations , and (3) to complete
p lans for operation of this cooperative international venture.

The concept, basis of the requirements , and background were explained by speakers
representing the Federal Aviation Administration , United States Coast Guard, and
private industry. The technical presentation, comments, and suggestions about
facilitating the deployment of in—flig ht data recorders , and the retrieval ,
processing, and analysis , and proposed distribution of data are covered in these
proceedings.
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~1It~iil
The Omega Data Bank Conference was a few dedicated fl igh t tests had
organized by the National Aviatjon proven too little, too expensive , and
Facilities Experimental Center too soon.
(NA FEC) and ‘ield in Philadelphia ,
Pennsylvania on August 2-3 , 1978. The proper approach to Omega data
Among the 62 persons iøo attended, collection seemed clearly to require
the participants included members of automatic recorders in operational
various foreign and domestic elements aircraft of the commercial and
of government , air carriers , and industrial operators so that marginal
avionics manufacturers. All had some costs of the collection process would
knowledge and a substantial interest be manageable. Furthermore , prin-
in the Omega Navigation System . ciples of good experimentation

dictated that data be collected with
The purpose of the two-day pro- several different models of bonafide
ceedings was twofold; first , to production equipment , sold through
review the basis of the requirement competition, and installed with the
for a new data bank in which to kind of engineering effort appro-
deposit and process records of priate to commezical standards. So
world-wi de Omega propagation and , the data bank could not have bee~next , on that basis , to organize a established much earlier—-there
viable data bank with international simp ly were too few operators
participation. equipped with proven avionics prior

to the conference. Most prospective
While several airlines of the United users were still evaluating Omega at
States had begun to seek certifi- the time of the conference.
cation of Omega for air navigation,
the criteria established for such Now that the preparation of recorders
certification did not include the and interfacing , promised during
ter~hnical information to be collected the conference, have advanced sub—
in the new data bank of NAFEC. stantially, these proceedings will
Propagation of very low frequency be useful to prospective participants
(VLF) radio si gnals is known to during their deliberations about
be subject to many factors of which the extent to which they will want
some follow long-term cycles lasting to become involved. Other readers
many years. Test results over too will find these proceedings useful
short a term could be woefully as background for clari fying their
inadequate if not dangerously mis- expectations of the Omega data
leading. Data collected at fixed bank and the products it will issue
points on the ground might not tell a from time to time.
true and complete story about the
airborne environment along oceanic On the first day, Mr. Jos eph Del
jet routes. Furthermore , data Balzo , Acting Director of NAFEC ,
collected in nonoperational aircraft set the theme of the conference.
with preproduction equipment during Papers were then presented which
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reflected the abrup t upsurge of recorders and the operation of
interest among air carriers , opet- the bank. Since the partic-
ators, and government in the substi- ipants were promised a copy of the
tution of Omega for Loran-A as a proceedings when published they
supplemental aid to navigation , were not compelled to make copious
Other discussions emphasized the notes. An audio tape recorder was
technical problem s of radi o prop- operated throug hout in orde r to
agation at the very—low Omega fre— facilitate preparation of the
quencies. proceedings.

Through the several presentations of Omega manufacturers , known and
the first day, the group developed a prospective users , and various
common background by which all were government agencies were repre-
prepared to agree on the importance sented. Participants are listed
of this international cooperative at the end of the appendices. The
venture and to respond to invi tations list includes names from Africa ,
later to join the bank. Canada , England , France , Holland ,

and Japan.
The background presentations led to
a consensus that the bank should The Chairman is especially grateful
emphasize the observation of Omega for the cooperation of all the
signal reception in normal fl ight speakers who made presentations and
along world air routes. Under the who added to the discussion. How-
influence of diurnal variations in ever , M r . Richard K . Ohman not

• the ionosphere—earth—waveguide only organized arrangements for the
characteristics , and under the conference , so that the proceedings
infl uence of incompletely-defined seemed effortless , but through
g e o p h y s i c a l  phenomena and s o l a r  his knowledge of the af fa i r  he was
a c t i v i t y ,  Omega s i g n a l s  could be able to bring all the ma ter ial  for
d is turbed.  Knowledge of the geo- these proceedings together as a
graphical and temporal distribution , unified and readable manusc r i p t .
freouency, extent and effects of Those who benefi t from this publi-
these uncontrollable and often cation will be indebted to him.
unpredictable factors on Omega
performance is limited. The col— All the tapes were transcribed
lect ion of records in fligh t was personally by the Conference Chair-
expected to add considerably to this man. In some cases, rhe record was
knowledge end , there fo re , to add not clear , either because of faulty
confidence in the future to decisions microphone techni que or some
about application and improvements to technical difficulty. In the event
the Omega Navigation System. that an error of transcription is

found in this text, the blame must •
On the second day, the conference rest with the Chairman, who did his
covered the concep t of the bank , best to edit the presentations.
the hardware needed for data col-
lec t ion , the expected deployment Joseph J. Scavullo
and installation of the data Conference Chairman

iv
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I NT ROD UCTION

WELCOMING ADDRESS

Joseph M . Del Balzo
Federal Aviation Administration

BIOGRAPH Y As I look out I see qu i t e  a few
familiar faces. On behal f of the

M r .  Josep h M. Del Bal zo  i s  the Department of Transportat ion , the
A c t i n g  D i r e c t o r  of the Federa l  U.S.. Coast Guard , and the Federa l
Aviation Administrat ion ’s National Av i a t i on  Adm in i s t r a t i on  I welcome
A v i a t i o n  F a c i l i t i e s  Exper imenta l  you to Philadelphia and the di scus-
Center (NAFEC) , At lant ic  Ci ty ,  New sion of an Omega data bank. I w i l l
J e r s e y .  He ho lds  h i s  B.S.  degree t a l k  p h i l o s o p h i c a l l y for  a few
from Manhattan College and his M.S. minutes about Omega. Omega is not
degree from Drexel Un ivers i t y .  After new and has been in  deve lopmen t
in i t i a l  service at NA FEC as Project for  more  than 30 years. Wh y an
Manager , be became Program Manager , Omega data bank today? What can
Systems Research and Development be d i s c o v e r e d  that  i s  new after
Service; Chief Technical Adviser , so much da ta  has been c o l l e c t e d
European Region , Brussels , Belgium ; already ?
C h i e f , Long Distance Navigation
Branch ; and Senior Program Manager , The present problem is the absence
O f f i c e  of S y s t e m s  Engineering of sys temat i c  co l l ec t i on  of data
Management, Washington, D.C. A fter a about Omega as it applies to air
year as Chief, Engineering Management navigation . There has been little

• Staff at NAFEC , he became Chief interest in the past about such an
Microwa ve Landing Systems Div is ion , a p p l i c a t i o n .  We d i d  not have a
W a s h i n g t o n , D . C .  P r i o r  to h i s  Department of Transportation (DOT) ,
a p p o i n t m e n t  as A c t i n g  D i r e c t o r , unti l  1967- 1968. Prior to then, the
he had been Depu ty  D i r e c t o r  of Federa l  A v i a t i o n  A d m i n i s t r a t i o n

• NA FEC since 1975. Mr.  Del Balzo is  (FM) ,  U.S. Coast Guard , Navy, and
an active member of the Institute of A i r  Force  each hand led  i t s  own
Navigation , Institute of Electr ical prob lems in i t s  own way. None were
and E l e c t r o n i c s  E n g i n e e r s , and able to look at any navigation sys tem
American Inst i tute of Aeronautics and as a national system wi th prospects
Astronautics , for  m e e t i n g  r e q u i r e m e n t s  of a l l
* .*#* *.* * * * * * *i . 1 . i .** . i* l* *.* *. i . .*  users , both civi l and m i l i t a ry .  Now ,

1



there is congressional interes t in Now , the need is clear to know more
finding solutions to consolidated about Omega as it applies to air
requirements. • navigation. How reliable is it

and how a c c u r a t e ?  What k i n d  o f
E a r l y  t ransocean ic  nav iga t i on  was e r r o r s  and how often may they be
only as e f fect ive as the human navi — expected? What do these errors do to
g a t o r .  He d id be t te r  work w i t h  a navi gat ion ?
doppler sensor. Eventual ly the dop-
p l e r , re in fo rced  by Loran—A , and A i r  c a r r i e r s  are now r e q u e s t i n g
later the i ner t ia l  navigation system , c e r t i f i c a t i o n  of Omega e i ther as
di sp laced the human navigator wi th pr imary or backup means ’ But , FM
the savings of some cost. Optimi sm cannot provide the supporting da ta
was the basis for expecting the more alone. Instrumenting and f l y ing  one
sophist icated equi pments to become or two of the FAA ’s test  a i r c r a f t
re la t i ve ly  inexpensive . Recently, w o u l d  be t o t a l l y i n a d e q u a t e .  A
Omega has become a vi able candi da te lot of cooperat ion by many people
for the oceanic nav iga t i on  means , w i l l  be necessary to learn what we
either as the primary tool or as need to know for full support of
backup to some other means. By now, civi l aviation . That is what our
many are aware of the new require— conference is all about. I hope that
ments to travel to offshore oil rigs , we all will derive from this confer—
The line—of—sigh t system , such as ence an understanding of the data
VORTAC, is not adequate to reach over that is required and somehow we will
the horizon. Interest in Omega as a find the means to cooperate with one
new system has peaked. The require- another in making that data available
ments have sur faced; DOT has taken so we all can benefi t from it. I
the lead in arousing concern about thank you for joining us in this
the multiplicity of navigation effort.
systems.

2
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PRESEN TATI ONS

INTRODUCTION To THE OMEGA
DATA BPNK CONFERENCE

Joseph 3 Scavullo
Federal Aviation Administration

BIOGRAPH Y Included are an air t raf f i c control
specialist, a doctor of physics , two

Josep h J. Scavullo is the Manager electronic engineers, two journeymen
of the Loran-C/ VL F/Omega Navigation electronics technicians, a student
Program at NAFEC , a position he has engineer , and a precollege science-
held since 1975. He holds a 8.5. in fair winner. Very few government
mechanical engineering from Stevens organizations have been able to apply
Institute of Technology and an MBA as many as eight persons to such
from George Washington University. work.
His career in aviation electronics,
which began as Navy radar officer , We have asked you to a conference,
continued at Massachusetts Institute not to a meeting, because there is
of Technology ’s (MIT’s) Instrumen— work to do well beyond the capacity
tation Laboratory, the Na vy ’s Bureau of the NAFEC team. We want your
of Aeronautics, and, since 1958, at help. We want to lay the groundwork
NAFEC. He is a life member of the on this first day so that tomorrow we
International Omega Association will achieve the structure of an
and also holds membership in the Omega bank to which we all will want
Institute of Navigation , the American to contribute.
Institute of Aeronautics and Astro-
nautics, and the American Society of Prospects for an Omega data bank
Mechanical engineers, were meagre 2 months ago. The

proposed fiscal year 1978 budget for
* f t * * * ** ø * * *ø** * * * *** ** * ** * * * * ** *** * *  work at NAFEC on long range navi-

gation systems was, at first , m m —
Prior to April 1977, the National imal. Today, it is substantial , and
Aviation Facilities Experimental the program has extensive in—house

$ Center (NAFEC) had applied a very support. NA FEC has excellent rapport
modest staffing to Omega project wi th the U.S. Coast Guard ’s Omega
activity. Today, eight persons Navigation System Operation Detail
are active in our team in recognition (ONSOD). NAFEC will fly the 1978
of the maturity of the system , validation mission for ONSOD in a

3
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Convair CV—880 aircraft (figure 1) in that, despi te drastic solar activi ty,
North Atlantic Ocean areas. This the effects on Omega are not suf-
4—week expedition is scheduled to ficient to interfere wi th safe air
begin on August 23 , 1978. Due to navi gation . Or , we may find that
rigid maintenance requirements , the there are occasions when anomalous
aircraft could not be flown to propagation does reduce safety. By
Philadelphia to allow for inspection cataloging solar events, comparing
of the aircraft along with the them wi th actual Omega experience , we
installed Omega validation instrumen— hope to be able , in time, to sort out
tation and the airborne antenna farm , seasonal fluctuations and local
Photographs of the aircraft and geographic influences from geophys—
instrumentation (figures 2 and ical considerations and solar
3) are posted at the side of this phenomena.
rocwn. -

A smaller number of in—flight digi tal
We will welcome suggestions about data recorders have been procured
experiments we can conduct for by the government to document the
industry ’s benefit in the Convair Omega experience. Most of the
880 or in the other test bed aircraft recorders will be issued to aircraft
(Convair 580, Boeing 727—100) under operators under agreement with
our research and development missiOn. NAFEC. Few experimenters and
FAA is chartered to foster both air almost no aircraft operators have
safety and the efficien t use of the yet undertaken digital recording
airspace. We can undertake help ful in commercial airca ft. But , we
experiments; yes , but not evaluation now have at our disposal the required
of hardware for endorsement purposes . r e s o u r c e s .  We i n t e n d  to do as

much as we can wi th those resources
Onl y a few y e a r s  ago the f i r s t  to examine the commercial air routes
airlines which adopted Omega as a of the world along which Omega
replacement for L ORAN-A had become may be applied . Thus , this first
p i o n e e r s  out of n e c e s s i t y ;  many day ’s program w i l l  revi ew the basis
others have been able to hold back of our requirements, the background
because they were not using LORAN-A. for the data bank , the work of
Inadequate knowled ge of the new ONSOD , the technical program of the
system could have resulted in FAA , and the scope of the data
some prospective users prematurely analysis to be accomplished by
deciding to reject the Omega system. NA FEC.

• • It is also possible that carriers
which elect or insist on use of Omega During the morning of the second
as the sole means of navigation may day of this con ference , hardware
app ly  it too ambitiously. As of needed to record Omega data will be
today, what can be said for sure described. Business aspects of the
about the future of Omega? At bank and agreements will be discussed
present , we are facing a peak period during the afternoon session on
of solar disturbances . At the the second day. We will ask
end of the next two years , we may operators to install and carry
have collected enough data to show recorders , interconnect them wi th

4



their operational Omega, modified for b . Proceedings of The National
dig ital output , and send back data Aerospace Symposium , April 25-27 ,
cassettes for processing at NAFEC on 1978,
a regular basis.

c. Proceedings of The Inter-
For your information , a number national Omega Association Symposium,
of’ relevant documents have been November 1977,

• placed on the table at the righ t side
of this room. Please take one d. Folder containing: Omega
each of the fo l lowing:  Da ta  Bank Program A genda , ICA O

circular on aviation use of Omega,
a. Technical Programs at NAFEC , and a brochure entitled: “Probing The

Airborne Omega Environment , April
— 1977.
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OMEGA CERTIFIcAT IoN PROGRAMS

4 
Jerald M. Davis
Federal Aviation Administration

BIOGRAPH Y Guard was especially help ful in
the earl y stages. Every aviator

Mr. Jerald M . Davis is an electronics wants to be confident he will be
engineer on the staff of the New able to reach the other side once
York Air Carrier District Office , he begins to cross an ocean.
Eastern Reg ion , Federal Aviation
Administration , where he is assistant 1 welcome t h i s  o p p o r t u n i t y  to
to one of the principal operation share my Omega operational exper-
inspectors. He received the 8.S. iences with you. The first question
in electrical engineering from which usually comes to mind con—
Clemson Univers ity. He has prepared cerning Omega is: “Does it work?”
himsel f by study and flight obser- The answer is: “yes. ” The second
vations as a technical consultant question is: “How well does it
on Omega not only to inspectors work?” Well , the answer to this
holding certificates for Pan American question depends upon your perspec-
World Airways and Trans World tive.
Airlines , but also to other offices
of the Flig ht Standards Service I notice that at least three dis—
of the Federal Aviation Admin - cip lines are requested here : Research
istration. and Development (R&D) , Engineering

and Manufacturing, and Operations.
****.****************l#*,** . .*e*****

1. As you know , R&D had the di fficult
Thank you Joe.  I f u l l y  s u p p o r t  task of developing the basic Omega
the need for a central  data bank , concepts and making precise measure-
We in the Air Carrier District ments to validate these concepts.
Office probabl y experienced that
need fi rst. Some 18 months ago, Pan 2. Engineering and Manufacturing
American and Trans World Airlines had the difficult task of choosing
showed interest in certification of the proper compromises so that the
Omega. We had little or no knowledge resistors , capacitors , transistors ,
of system performance. In formation and integrated circuits talk to each
supplied by NAFEC and the Coast other to produce the right answers.
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3. Now the concepts developed Atlantic coverage further improves as
by R&D and the circuitry produced you proceed southward from the
by Eng ineering and Manufacturing Creenland shadow. The example: on
represent “Shear Magic ” to many a day light proving flig ht from
Operations people. Capetown , South Africa , to Rio de

Janeiro , Brazil , threshold signals
We know how to talk to the machine were r e c e i v e d  on all three
and how to make i t  t a lk  to us .  f requencies from all eight Omega
Our task is to prove that this “black stations.
box ” can fly across the ocean without
interfering with other air traffic Although the coverage in the Pacific
in the process. has not been as complete as in

the Atlantic , sufficien t coverage
So the answer to the question: How has been available east of a line
well does it work depends on whether from Japan to Central A ustralia
you: to provide the redundancy necessary

for continuous operations. The
1. Measure it with a micrometer Pacific coverage is the reverse of

the Atlantic coverage-—the best
2. Mark i t  w i t h  a g r e a s e  p e n c i l  coverage is  in the North Paci f i c .

3. Or cut it w i t h  an axe. The signal coverage in Central
and South America has been observed

The rest of this discussion concerns to be more than sufficient , even
an operational viewpoint “cutting without the use of Trinidad. How-
i t  wi th an axe .” eve r , the poorest area of signal

coverage encountered has been in
From t h i s  v i e w p o i n t , the signal Central North America. This area
coverage provi ded by the ground- has been c o l o r f u l l y  descr ibed as
based Omega system has been good the “Wi nnipeg Hole,” and is created
with two notable exceptions. The primarily by the near-field con-
“Winnipeg Hole ” and the Indonesian straint on North Dakota and the
Hole. ” (I’ll have more on these Greenland shadow effect on Norway.
exceptions later.) I have personally
observed airborne Omega performance A second important area concerns
over: the operational accuracy of Omega

equipment. This raises the question,
1. The North , Central , and South “Accuracy relative to what?” During
Atlantic the At l an t i c  p rov i ng  f l i g hts  for

MNPS certification , the Omega—
2. North , Central , and South America , updated Doppler positio ns were
and, compared to either a corrected

Inertial Navigation System (INS)
3. The North , Central , and South position , a ground-based rada r
Pacific observation , or a position overhead

a very high frequency omni-
The si gnal cove rage in the North di rectional range (VOR) or Automatic
Atlantic has provided sufficient Direction Finder (ADF) gateway.
redundancy to continue navigation
with multiple station outages. The 4 total of 174 independent obser-

vations were obtained using two

10
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types of Omegas. The sum of the So far , I’ve painted a fairly rosey
radial position errors for their picture for Omega. I do not mean
observations was 418,62 nautical to imp ly that the system is perfect.
miles (nmi). This equates to an This raises the question : “What are
average radial error of 2.4 nmi for some of the prob lems?”
each Omega accuracy comparison. From
an operational viewpoint , this In the initial stages of the eval-
represents accuracy which is almost uation program , several equi pment
an order to magnitude better than problems were encountered. These
Loran. Additionall y, this is a included: condensation in a partic-
higher degree of accuracy than the ular model of antenna, Receiver Proc-
requi rements established for Inertial essor Unit (RPU) malfunctions
Navigation Systems. created b y voltage fluctuations

induced by heavy current loads on the
The observations obtained in the electrical supply, “glitches ” in the
Pacific were less accurate than software , and malfunctions created by
those in the Atlantic. This was due transients during transfe r from
primaril y to wider lanes which were ground—to-aircraft power . In
created b y longer signal paths. general these problems appear to have
However , even wi th this complication , been resolved through modi fications
the average Omega radial errors to the affected units.
observed were less than 4 nmi.

Other areas which require special
Another accuracy consideration is consideration concern the ground-
the frequency and magnitude of lane based system. The firs t problem area
slips. Recent operational data concerns deficiencies in si gnal
obtained between June 27 and July 20, coverage. Earlier , I mentioned the
1978 reported only one dual lane slip “Winnipeg ” and “Indonesian ” holes.
in 500 system flights. During These expressions identify two rather
this same period , 12 of the 500 ill—defined areas approximatel y
system flights reported a single lane centered around Winni peg and
slip. It is significant to note that Indonesia. Within these areas there
during this period , 360 system is a high probability that only two
flights were conducted in MNPS Omega stations will be consistently
a i rspace  w i t h  no dual lane s l i ps usable. The size of the holes varies
and onl y three ( less  than 1 percent) wi th time of day, season, and small -

single lane s l i ps , changes in signal—path attenuation.
At present , dual doppler operations

Another important consideration may be conducted wi thin these areas
is equipment reliability. Oper- due to the availability of other
ational data collected since March navi gation aids . However , it is
20, 1978 revealed 7 en route Omega significant to note that operation
failures out of 2,436 system flights, within these areas may not be fea-
All of these failures were sing le sible using a sole means Omega system
failures. This operational data which does not utilize signals from
collection program began in December the Navy ’s very low frequency (VLF)
1977 and includes reports from 2,954 stations.
sys tem flights. During this period ,
we have not receive d a s ingle report The W i n n i p e g  ho le  ‘ s a p p r o x i m a t e
of a dua l Omega f a i l u r e  en rou te,  dimensions are as fol lows :

• 11



1, The eastern  boundary i s  a l i ne  e n c o u n t e r e d .  A l s o , the l a r g e
from Sondrestrom , Greenland ; through majority of the dua l  l ane  s l i p s
Montreal , Pittsburg, and Tulsa. have occurred i n  this reg ion.

This phenomena appears to be caused
2. The northern boundary runs from by “cycle slippage ” due to intermodal
Thule , Greenland ; to Yellowknife , conversion on the Liberia signal
Northwest Territores , Canada ; to at sunrise.
Spokane , Washington.

The large majority of all lane slip
3. The western and southern errors is on the order of 8 to lO nmi
b o u n d a r i e s  run  f r o m  Spokane  to and do not  r e p r e s e n t  a serious
Salt Lake Ci ty to Tulsa. degradation in navigational accuracy,

even in the North Altantic. However ,
As you can see , t h i s  i n c l u d e s  the intermodal interference on the
a s i gnificant portion of Central Liberian station can present a
North America. navi gational problem unless cor-

rective measures are taken when it
The Indonesian Hole ’s approximate occurs.
boundaries are from Manila to
Singapore to Central Australia Experience indicates that the Omega
to Eastern New Guinea and •back may continue to slip lanes unless
to Manila. The Indonesian Hole Liberia is deselected. This means
should disappear when the Australian that over a period of time a signif-
station becomes operational. icant terror could accumulate.

However , there i s  some good news .
TI’e next  so c a l l e d  p r o b l e m  a rea  The s igna l  coverage in the reg ion
concerns “lane s l ips . ” Here again , where this problem occurs is excel-
the magnitude of this problem depends lent. This means that Liberia can be
upon your perspective . Operational deselected at nig ht and accurate
data obtained during the past three navigation can still be continued.
weeks for a particular Omega instal-
lation shows 13 lane slips for An area which has generated much
500 sys tem fl ights. Onl y one of discussion and disagreement concerns
these lane sli ps affected both the effects of solar phenomena. As
systems. A closer look at the you know , certain solar phenomena
geograph ic  l oca t i ons  where these can theoreticall y affect the Omega
incidents occurred provides some signal ’s phase stability, which in
interesting info rmation . During turn would affect system accuracy.
these three week period , 360 system This issue is a “hot” topic since
flights were conducted in HNPS mos t airborne Omega experience has
airspace. Onl y three of these been gained during a “quite ” sun .
flig hts experienced lane slips. The sun is now beg inning to become
These errors were on the order of 8 “active ” again as we start uphill to
to 10 nmi which is still wi thin the the next solar maximum . Recent
MNPS 2-sigma criteria. However , the g r o u n d - b a s e d  m e a s u r e m e n t s  have
frequency of occurrence of lane slips shown solar effects on the Norwa y
is much higher near the geomagnetic signal. However , these effects have
equator. For example , the sample not been observed operationally.
included 48 sys tem flights in this There are two probable reasons for
region and 7 lane slips were this:

12
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1. The majority of the ground- standpoint , one system was as
based observation s would suggest accurate as the other. The use
an error of 3 to 6 nmi . This of VLF to supplement Omega has
error would not normally be detect- several advantages:
able in fli ght due to the absence of
super accurate crosscheck. 1. The secondary mode of operation

is still a position—fixing mode——
2. The error would be “smoothed” in not just dead reckoning.
the computation process. This means
that an error of 3 to 6 nmi on one 2. In some areas , the use of VLF
lop may not  have a s i g n i f i c a n t  i m p r o v e s  the g e o m e t r y  wh i ch , i n
impact when combined wi th four or turn , a c t u a l l y  improves the navi-
f i ve l ines of pos i t ion (lop ’s )  which q a t i o n a l  a c c u r a c y — — i n  the Sou th
a re  not a f f e c t e d  by the s o l a r  Paci f ic  for example.
phenomena.

3. Also , the addition of VLF may
Until operational experience shows provide the redundancy necessary
otherwise , I would personally suggest to consistently operate in the
that deselecting stations based Winni peg and Indonesjan Holes.
on solar advisories be done after
careful consideration. This is Each advantage also has a dis-
an area where you need an “elephant advantage. The primary disadvantage
guard. ” While you ’re busy trying of using VLF signals is that the
to eliminate the ants , without transmitting ground stations are not
an “elephant guard , ” you may be dedicated to navi gation. Their
killed by an elephant stampede. primary purpose is operational
What I mean to say is that you can communication , serving the fleet ,
deselect yourself out of the navi — under the control of the Navy.
qation business while trying to Therefore , there is no guarantee that
eliminate a 3 to 6 nmi error. It may the transmission format, maintenance
be much more appropriate just to shut-down s , and frequency would
accep t the 3 to 6 nmi “solar error ” not be changed to meet defense
and deselect Liberia , if necessary, needs. Also , some of the units using
to prevent the “creep ing ” lane slips VLF do not have sophisticated propa—
which could induce a truly sign i f- gation corrections for VLF reception ,
icant position error, and errors could occur when the

p r o p a g a t i o n  c o n d i t i o n s  change .
Last, and mos t controversial , let’s
talk about the Navy VLF . I have To sum up my personal op inions
observed Omega/VL F intermix per- on the use of VLF , I believe :
formance throughout the Atlae’tic
and Pacific. One of the Omega 1. That the use of VLF reception
units used Omega alone and the other for a secondary mode of operation
unit was forced into the secondary is more accurate and reliable
VLF mode by deselecting Omega sta— than dead reckoning.
tions. This procedure provided a
direct comparison between the use of 2. That the redundancy provided
Omega alone and the use of VLF to by VLF signals increases the reli—

• supp lement Omega . In most cases , ability and flexibility of the
• comparisons to an onboard INS were navigation system , and

also available. From a practical

_ _  
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3. That more extensive data con- It says: “Now wait just a minute ,
cerning the accuracy and depend- I’ ve already told you , by turning
ability of the Navy ’s VLF sys tem is that ligh t on , that I don ’t have
desirable as a means of reliably eno. , good signals to know where
establishing its proper role in the I am. Since that’ s the case , how

L.. long range navigation picture. can you expect me to do LAR .”
Now , if you persist wi th your LAR

At this point , I would like to instructions , the Omega may finall y
raise a red flag of warning to “sp it out ” some coordinates , but
pinpoint some subs tantial operational don ’t be surprised if it p laces you
di fferences between Omega and INS, way out in the “boondocks. ”
The Omega Control Display Unit (CDU)
looks very similar to that of an May personal recommendation for
INS CDU and actuall y performs the operating an Omega is to treat
same operations. There is a very it like a rattlesnake. Don ’t p lay
strong tendency to treat the Omega around wi th it unless you have to.
like an INS, This attitude can l3ecause if you get it confused , you
cause you some real “heart burn ” may have a real problem .
unless you ’re careful .

Once again , we expect the data
The INS either works or it doesn ’t. bank to prove most valuable and
On the other hand , the Omega is a offe r any support we can give to
very independent , subtle little it.
“critter. ” You can tell it exactly
where it is , but it won ’t completely
believe you. The Omega knows exactly Question (Dr . Reder) Mr. Davis ,
where it is wi thin a lane and you you cautioned against “fooling
can ’t do anything to change its around” with the Omega controls.
mind. Even when it slips a lane , I have never seen any system wi th
it’ s usually very happy wi th what it which one may safely fool around
did and has a high degree of confi — in flig ht.
dence in its new position. if  you
instruct it to perform a Lane Response (Davis) That is basicall y
Amb iguity Resolution (LAR) it will true . Out , if one tries to store
dutifull y go throug h the process the wrong coordinates into an INS ,
and select another position . After it won ’t accept the error , but the
the LAR is complete , the Omega will Omega will as we have seen it in
once again be perfectly happy wi th operation. One can call on the INS

• its new position even though this may for any data it is capable of without
be miles away from where it started. losing curren t position. Omega

is not as insensitive and can produce
When the “g~ ing gets tough , ” the substantial navi gational errors as a
Omega turns on the ambiguity light result of some cockpit operations.

- and says : “Hey boss , help me out of
this mess. ” Unfortunately at this Duestion (L yddane) Do you feel
point , the operator can usually that dual ONS offers the same
be of little assistanq. due to reliability as dual INS now provides?
the absence of other .xt~~nal aids.
If you choose to ae~~~~ t a  LA R , Response (Davis) There is a lot
the Om.~a~ reallY J~~~~~ oRfus.d. ~~f INS history. Experience is

• r • - • -



building rapidly on OHS. There different group. The personnel
have certainl y been problems but who are competent to presen t the
they are lookinq better all the authoritative rationale behind
time, the new advi sory ci rculars are

not present. Meanwhile , the
Comments (Erikson) Wi th two inertial i ssue you raise is not relevant
navigation sys tems , you have two to this con ference. Please ask
independ ~nt measures of position . questions to  hel p us complete
With OHS, if signals are not arriving our preparation for the data bank .
at the aircraft , none of the ONS
equipment onboard can offe r position Response (Davis) I am not against
so dual OHS can probabl y never use of Omega as sole means. Never—
equal dual INS in overall reli— theless , caution is needed because we
ability , cannot assume OHS is equivalent to

INS.
Observation (Carmel) One can fly
for qui te a while in dead reckoning Question (Unidentified) Is it
and still come out OK. not time that the many di fferences

in characteristics of various Omega
Resfionse (Davis) That is true sets make it necessary to analyze
provided wind is not shifting as in data in the bank by black box type ?
the vicinity of the jet stream .

Response (Davis) That is true.
Question (Un identified) If ONS One INS is very much the same as
was approved only as secondary another , based on some physical laws.
to dual doppler or dual INS , what was But , each type of ONS operates
the rationale for allowing dual OHS differe ntly on the signals it
to be flown as primary means (see receives. Some sets probabl y

• Advi sory Circular 121—3 1A)? won ’t function properly in the
South Paci fic until the Australian

Response (Davis) Omega was first station comes on the air.
certified only to rep lace L ORAN-A
which , at the time , was a back up Question (Unidentified) Are there
to dual dopp ler. When OHS is applied any limi tations due to the Greenland
as the sole means , the issues are shadow?
substantially di fferent.

Response (Davis) Highest latitude
• Question (Unidentified) If general I have fl own has been 65 to 66

aviation can fly dual OHS as sole degrees north latitude. I’ve heard
means under its advi sory circular , of problems due to the shadow of
I don ’t see why air carriers cannot Greenland. In the vicinity of Thule,
do also? coverage has been very good.

Response (Scavullo) That question
really should be presented to a
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b
THE RESEARCH AND DEVELOPMENT PROG RAM
FOR LONG DISTANCE NAV IGATION

—

George H. Quinn
Federal Aviation Administration

BIOGRAPHY over the complete routes to be
flown during the upcoming solar

Since 1969, Hr. George Quinn has been cycle. For these reasons , we
Program Manager for Long Range Navi— undertook two basic activities.
gation Systems in the Systems ihe first was to establish an Omega
Research and Development Service, data collection project and a data
After receiving the B.S. degree in bank at NA FE C, Atlantic Ci ty ,  N.J.
Electrical Engineering from Penn it would encompass automatic col-
State , he was project engineer lection at a high sampling rate as an
for numerous navigation system improvement over the hand-copied
evaluations at NA FEC. He is now the method so prevalent elsewhere.
spons ’ of the work at NAFEC w i th
Omega, Loran-C , Satell i te, and other A c e n t r a l  p o i n t  was needed , not
navigational aids . Hr. Quinn serves only for data collection but also for
in the Air  Navigation Group and ~ 5 reduction , analysis , and reporting on
an active member of the International a quarterl y or monthl y basis. ihe
Omega Association . second major project undertaken at

the request of the Flight Standards
* . .* * * *.* * * * * * * * * * * *.* * * * * * * * * * * * * * * *  Service of FAA was an Omega system

advisory service.
lhe surge of interest in the Omega
Navigation System for aviation ihe Omega data bank was started in
has brought a great deal of hope out order to take advantage of production
of the investigation over a short models of Omega receivers as they are
few years. However , Omega data has actually installed in the air carrier
been scattered; FAA had some , Pat fleet. 7here seemed little chance of
Reynolds of Pan American had some, collecting worthwhile data by any
Coast Guard had some, and it was not other way since our principal
possible to correlate one batch with need is for information about Omega
another. Both the operators using along operational over-water routes
Omega and the FAA lack experi ence and especially during the upcoming
with the system. There had been no maximum of solar activity which may
clear picture available showing how extend over one or more years .
the Omega signals would be affected We must establish the significance of
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the solar ac tivity. If it does not data hank has begun at N/WEC, and
affect nav igation during this solar formal invit ations for par ticipa tion
maximum , Omega may be able to iqnore in this data bank have been sent
it in the future , to major U.S . air carriers. The

prototype advisory monitor has
It is our plan to provide recorders iip erated consistently at NAFEC on
and tapes , fund the nonrecurring Omega reception. By next June ,
costs to develop the in i tial inter- it will have been modified to operate
faces , establish the data  bank at also on VLF signals.
NAFEC , and issue reports.

P a r t i c i p a t i o n  in the Omeqa data
In aviat ion , the Notice t o  A irm en hank involves installation of the
(NO T AM ) S e I v i c~~ is well known . FAA recorders in the user ’s aircraft.
The Research and Deve lopment Service Users will arrange to install the
of the FAA has no responsibility Omega interface modi fication kits and
for issuing NOT/iNS . But , it w i l l  a ircraf t wiring to the recorder.
develop the equipment and the sys tem Only a limited number of modification
fo r reporting Omega system status kits have been funded at present.
via the NO TAM service. It w i l l
pr ovide real-time adviso ries on Participants in the data bank will
signa l conditions and messages worded operate the Omega rece i ver—recorde r
to meet operational rather than combination on regular flights
sc  i ent if i c needs. Dr. Levine ’s only. Regular ground crew personne l
pres en t a t i on will have descr ibed w i l l  i n s t a l l  and remove tape
this development in some detail , cassettes so that fligh t crews will

have no tape—handling duties.
We seek the rea l —t ime monitor because Cassettes are to be mailed regularly
we see the need to provide , if to N A F E C , the source of new
poss ibl e, automatic advisories on c a s s e t t e s .  Participants will be
Omega and VLF signals. The sys tem asked t o  help p lan  an d ad jus t
will have to analyze propagation and the format of reported results so as
p hase anomalies based on received to make reports most useful to
signals , incorporate administrat ive them.
i n f o r ma t i o n  such  as f o r e c as t ed
station shut-downs , reported out ages , Participation by users in the Omega
and use i n f o r m a t i o n  from t h e  VLF advisory service project is
“PROPHE T ” system to be describ ed limited to advice. We need to know
by Dr. L evine. Consideration of whether all the available info rmation
i n corporating inputs from the should be presented , how , in what
“ S O L R A D ”  syste m has been dis— format, to what criteria , as related
continued, to operational needs . Helicop ter

operators may have different needs
Status of this program as of August from those of the oceanic operators.
1978 is as follows: 20 digital With timely inputs from potential
recorders and compatible tape users , our design s may be refined.
cassettes have been procured , orders
have been placed for modification A numbe r of benefits will be derived
kits for all the production Omega from the data bank reports. But ,
se t s  t o i n t e r f a c e  these  se ts  w i t h  partic ipants will have to advise
the recorders , organization of the NAFEC how they want to have the
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information presented. For one considering may well suffice to
thing, you may learn from the bank support your decision about route
how the experience of different selection.

L operators wi t h  d i f f e r e n t  a v i o n i c s
and different aircraft or instal— Benefits of a realistic advisory
lations compare along the same service are expected to show up
oceanic routes. Documented per for— both as increased efficiency and
mance of Omega routes you are lowe r r i sks  in long—distance fl i ght

operations.
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MANAGEMENT OF THE OMEGA
NAVIGATION SYSTEM

David C. Scull

~~ 

•

\ 

United States Coast Guard

BIOGRA PH Y Within ONSOD , the Engineering Branch
is responsible for the system

Mr. David C. Scull is Chief of the hardware of the transmitting—s tation
Navigational Sciences Branch of network and the monitor—receive r
ONSOD. He was awarded the 8.5. in network. The Navigational Science
Geology and Mineralogy by Penn State Branch, of which I am chief , handles
and the M.S. in Systems Management by software with the efforts of eight
U.S.C. His career included qeophys— navigational scientists , mathe—
ical and geodetic investigat ions with maticians, and computer technicians.
the U.S. Hydrographic Office and the Both branches keep an intimate
Naval Oceanographic Office. Concern software-hardware interface.
with electronic positioning systems
led him to management of development As for the present status of the

• work with Loran, Omega, and satellite Omega Navigation System, Station A ,
n a v i g a t i o n  s y s t e m s .  He h o l d s  located at Aidr a, Norway, is off the
an instrument rating to fl y a i r c ra f t,  a i r  for  e x t e n s i v e  an tenna m a i n -
He is Senitary to the Radi o Navi- tenance. The antenna , which is
gation Committee of ION and an active the valley-span type (figure 4), is
member of the International Omega being raised so it can radiate a full
Association. 10 kW. The change will not be

dramatic , but fringe areas will be
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ filled in for better performance.

The Norwegian Telecommunications
ONSO D c o n t a i n s  some 20 p e r s o n s  Adminis t rat ion operates Station A.
unde r leadersh i p of a commanding At Monrovia , Liberia , the Ford
of f icer  who is  a former C- 130 p i l o t .  A e r o s p a c e  and C o m m u n i c a t i o n s
A Commander in the U.S. Coast Guard, Corporation operates Station B
he is very interested in aviation under contract in conjunction with
uses of Omega. In a few weeks, he the Liberian Department of Commerce,
will be secretary to an Radio Industry, and Transportation. In the
Technical Commission for Aeronautics future, native Liberians will take
(RTCA ) committee to update the over operation. Station C at Haiku,
minimum perfo rmance speci fications Hawaii and Station 0 in La Moure ,
for Omega receivers. North Dakota are both operated by
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/

U.S. Coast Guard personnel. Station Center which supplies the NOTAM
E , operated by the French Navy at La c i rcu i t s  to a l l  the major airports
Reunion Island in the Indian Ocean, of the world. For the mariner ,
has been giving excellent service, the HYDROPAC and HYDROLAN T message
Stati on F , located at Co lfo Nuevo , syste m conveys the special ONS
Arge ntin a , is op e r a t e d  by tha t  system s tatus  messages which con t a in
coun t r y ’s Hy d roqraph ic  S e r v i c e  details of recent past history such
at high efficiency. Station C , as off—air times. Telex and regular
located on Trinidad Island , iS mail distribution is also available.
temporary. It has been operated
under cont ract for many years. Its The mission of ONSOD includes not
coverage of the North Atlantic only operation of the transmission
has been most useful , but it will network , but also the coordination
have to go someday. Table 1 lists with other countries under bilateral
the antenna types at the several agreements with the United States.
stations. Most of these antennas are it is sometimes necessary to accede
more than 1,200 feet high . to wi shes of partner countries, but

c o n t r o l  by ONSOD is generall y
Until the Australian station has acknowledged. Operating spares are
been p laced in operation , Trinida d stocked in our  s u p p l y  c e n t e r  i n
w i l l  probab l y be allowed to continue Brooklyn , New York , and distributed
to serve the North Atlantic route, to all stations as needed.
Meanwhile , signals from Trinidad , in
part , compensate for absence of other Most important at this time is
signals in the so-called Winnipeg the effort of ONSOD to calibrate the
Hole. Spare p a r t s  are a v a i l a b l e  Omega Navi gation System. We are
to keep Trinidad operating through trying to put the fine graduations on
1980. A design—review meeting with the “Omega meter bar , ” but as yet , we
the Australian Department of Trans- can only identify the larger dlvi-
por t  was comp le ted in Jul y. The sions. On Jul y 3 , 1978, the Com—
c i v i l  a v i a t i o n  pe r sonne l  of that mandant of the Coast Guard assumed
Departme nt w i l l  be operating full responsibility for the System
Australian transmitting Station C. from the U.S. Navy. By 1980, the
Ground has been cleared , borings U.S. Department of Transportation
taken, all ground site preparations will have complete authority for
completed , and fiscal arrangements the system , thus Omega will be
established. Construction will beg in transposed from a military system
in O c t o b e r  1978 . B y June 1980 , with civilian applications to a civil
Omega Station C should be in navigation system . (NOTE : The
operation. Federal Aviation Administration and

the U.S. Coast Guard are organi-
Omega system status reports (table zations within the U.S. Department of
2) are now being disseminated in Transportation.)
a number of ways. Broadcasts via
WWV and WWVH contain data and Responsibility for system ca l ib ra t ion
operational warnings . Argentina , begins when the s i g n a l  is 4 rans-

• Japan, and Norway issue broadcasts mitted. Signal must be monitore~i forto mariners on various frequenc ies, c h a r a c t e r i s t i c  covera :,e ~:d
• A direct communications link connects accuracy. Accuracy is rela ~u to

0NSOD with the National Fligh t Data p hase stability. With a cor rect
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propagat ion mode l , we can predict of some stations is not entirely
si gnal behavior. A t  presen t , pr e— simple. The Soviet Un ion and China
dictions for some areas are not yet are not ~ye-t o f f e r i n g  s i t e s  f or
correlated with observa t ions. Some monitori~ but  some d i scu ss ion  of
d iscrepancies are large and some these possibilities has taken p lace.
small. Meanwhile , the vast areas of those

count r ies  are not covered by the
One propaga tion mode l in wide use ONSOD monitor network.
by manuf acturers contains some 13
geophysical forms , each of which is The chief goal of the network is
influenced by day and nigh t coe f- to fo rmul a te and re fine the pha se
f i c ient s which a re not comp letely prediction mode l from wh i ch cor-
refined. We are obliged to take rections can be generated to sustain
ob ser vat i ons  a nd f o rce  f i t  some t h e  ac c u r a c y  of  Omega f o r  b o t h
th eoretical equations into the mariners and airmen. In some areas
real world observed by a mon itor where problem s are rated by concen—
netw ork . Corrections , p ublished tratic , n on monitored signals ,
by the Defense Mapping Agency based adjustments for the propagation
on data supplied by ONSOD , a r e  mode l can be based on the empirica l
furnished to the navigator aboard data. Omega also is available as a
ship. The seve ra l di fferent designs means of time dissemination. While
o f a u t om a t e d  a i r b o r ne r e c e iv e r s the network w i l l  be su f f i c i en t  for
now in service could incorporate development of a model for world—wi de
di f fe ren t p ropagat ion mode ls , and p hase p r e d i c t i o n, it will not
correction changes can be introduced disclose all the coverage gaps.
only with software modifica tion As alread y mentioned , over broad
at the factory. Meanwhile , within expanses , there is no way to operate
the government , the Coast Guard the monitors. Thus , the FAA ’s
and the FAA do not know what these program is very importan t to sup -
different propagation models are plement ONSOD ’s work with the fixed
as we have no wag of control ling monitors.
the design of the avionics. We
do , however , disseminate basic As part of the Omega validation
info rmation which ought to be con- effort , special signal measurements
sidered by the designers. are made. The monitor equipment has

i ncluded the TRACOR Mode l 599R
The monitor system , now p l a n n ed , receiver which can be calibrated
will be based on 60 receivers to to give absolute values of field
giv e us the optimum spatial coverage, strength , but  it is l i m i t e d  to four
Of course some interpolation will channels. ft is configured as an
be needed. Many of the monitor sites analog sensor which produce s data
(figure 5) are now being prepare d in which are cumbersome. A newer
a world—wide cooperative program. re ceiver produced by Magnavox
It is tak i ng some t ime to work out embodies state—of—the—art micro—
agreement s. A few parts of the world processor technology and senses three
can only be monitored from islands frequencies currentl y from each of
which are not on majo r air and eigh t transmitters. Data are
sea routes , are very inaccessible , recorded at selected intervals
a n d  may  have powe r only part of on magnetic tape cassettes , much
the ti me. Thus, the establishment of i t  at mo n i t o r s  located in
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countries other than the United route established for Omega vail-
States. Data from France is received dation data.
on punched paper tape ; Argentina
supplies punched cards and coding New tables , improved corrections ,
sheets. The large volume will grow and refined models will be released
as the number of active monitors on a continuing basis as each area of
increases. Our plan is to put this the world has been examined. In 1977
data in master files on magnetic a preliminary statement was released
tape, making it available to scien- as a result of the initial validation
tific and engineering users. Moni— tests. The absence of a transmitter
toring is expected to confirm the in Australia has precluded achieve-
estimates of disturbance phenomena ment of our accuracy design goal of 2
tabulated in table 3. to 4 nmi en route navi g a t i o n  95

percent of the time. Fixed monitors
A major program effort is to validate indicate errors of 5 to 6 nmi in most
the system on a regional basis , of the Pacifi c Ocean area. While
Fixed monitor stations , surface Loran—A has been phased out in the
ships , and aircraft are engaged in North Atlantic , there was consid-
the measurements. Di fficult problems erable background of Omega test data.
of anomalous propagation and modal The Loran—A shutdown in the Western
interference must be studied by Pacific made urgent our validation
flying radial paths on great circles in that area. In 1978 , FAA is
which pass through transmitter sites, helping us in the North Atlantic.
Aircraft alone can traverse such a in 1979, the North Pacific area will
path in a reasonably short time , be examined. In subsequent years,
This year the Convair 880 aircraft we will cove r the South Atlantic ,
based at NAFEC is covering the North South Pacific , and Indian Ocean
Atlantic Ocean area. Processed data areas.
will lead to a statement by the Coast
Cuard in the form of a NOTAM and a Solar activi ty has been noted to
description in the Airman ’s Informa— cause phase offsets resulting from
tion Manual portraying the capabil- proton effects. The large portion of
ities and limi tations of Omega in a sudden ionospheric disturbances (SID)
particular geographic area. Similar appear to be so short (less than 30
information will be available to the minutes) that most navigators can
marine community. A l i s t  of stations hand le  them . D i r e c t  e f f e c t s  on
available and useful on a 24—hour navi gation seem to be tolerable.
basis will be especially valuable to At Boulder, Colorado, the Envi ron -
mariners and backup stations also mental Data Center was advised that
will be indicated. A contractor has its reports of solar events have not
been engaged to incorporate both been found closely correlated
scientific and operational data into to navigation di fficulties. Now
a report which describes results of ONSOD will supply monitor data to the
the validation effort and is readable Center for its examination.
and meaningful for a wide variety of
interests. The report of initial In summary, it is clear that by
validation tests in the Western combining information derived from
Pacific area probably will be efforts in many parts of the world,
released in the near future. Figure there are very interesting possibil —
6 illustrates the dissemination ities for perfecting not only Omega,

but other systems or services.
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UMBRELLA ANTENNA

___  /

VALLEY.SPAN ANTENNA
79-165—4

FIGURE 4. PRINCIPAL TYPES OF OMEGA TRANSMITTING ANTENNA S
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TABLE 1. DESIGN OF TRANSMI TTER ANTENNA S AT THE OMEGA GROUND STATIONS

Country Site Code Transmitting Antenna Design

Norway A Valley Span

Liberia B Grounded Tower

Trinidad B Valley Span

Hawaii C Valley Span

North Dakota 0 Insulated Tower

La Reunion E Grounded Tower

Argentina F Insulated Tower

Australia C Grounded Tower (Probable)

Japan H Insulated Cylindrical Tower
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EVALUATION OF OMEGA
PROPAGATION MODELS

U 

Peter B. Morris
- 

- United States Coast Guard

BIOGRAPHY necessary. Omega is a successful
navigation system because the

Mr. Peter B. Morr is  is a navi gational phase of the r e c e i v e d  s i g n a l s
scient is t  in the U.S. Coast Guard ’s i s  v e r y  n e a r l y  l i n e a r l y  r e l a t e d
Omega Navigation Sys tem Operations to distance from the transmitting
Detail. He received the 8.5. in station, while amplitude decreases
Eng ineering Ph ysics from Lehi gh exponentially wi th increasing
Univers i ty  and the 14.5. in Physics distance. Anomalies , both spatial
from Syracuse University. While at and temporal , i nvo lve  departures
Rome Air Development Center , he was from a normal relationship where the
engaged fo r several  years  in  the si gnals do not behave as expected.
analytical modeling of electronic In the auroral zone and polar—cap
de fense systems. For the past 5 reg ion , the effects of particle
years , he has directed the design of showers are prevalent. Sudden phase
the Omega Validation Program , anomalies occur only over portions of
making major contributions to the the earth illuminated by the sun
refinement and perfection of the while polar—cap disturbances occur
p r o p a g a t i o n  model  f o r  the Omega along trans-polar pa ths.
N a v i g a t i o n  System. He is now a
candidate for the Doctor of An effect due to the spher ic i ty  of
Philosophy degree in Physics at the the earth is the focusing of signals
University of Maryland. nea r the antipodes. For example ,

signals from Japan are refocused
near, Argentina. Antipoda l inter-
ference’- occurs when the strengths of

A mathematical model of world—wide two rece i ved si gnals are comparable
Omega signal propagation is the after both have traveled to a
basis for predicting and preparing receiver in opposite directions
coverage diagrams. These, in turn, around the earth. Usually one
are applied to the design of of the paths is conside rably shorter
receiving and computing systems for since it attenuates a signal much
Omega navigation, more than its opposite. Reception

of signals via the longer of the
In orde r to understand coverage
diagrams , a few concepts are
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two “grea t circle ” propagation A full-wave model , based on Budden’s
paths is not uncommon. For example, full—wave formalism (reference 2) and
the antipode of La Reunion is just extended by Pappert (reference 3)
off the coast of Baja, California, will provide accurate signal strength
and in the Eastern U.S., we measure and phase behavior predic tions. The
La Reunion signals arriving from model does not predict absolute
the west. phase, which the navi ga tor needs .

The famous Swanson PPC model (refer-
Propagation irregularities are ence 4) is still relied upon for
now lumped under the heading, “modal prediction of phase corrections. The
interference ” for the purposes semi—empircal , equivalent single-mode
of signal prediction. Successful model is used while planning valE-
prediction to date has been based dation flight tests. The amplitude
on the concept of a spherical wave- model now under development will
guide between earth and ionosphere. help in defining coverage in search
Spatial modal interference occurs at and rescue, etc.
generally predictable places in the
wavequide . Modal conversion , pre— Swanson ’s semi—empirical PPC model
dominantly a temporal effect, occurs has been programed into many airborne
when propagation crosses either the receiver systems , usually with
day/night or the night/day tran— some modi fication. Phase is modeled
sition. The effect varies according in terms of important geop hysical
to the angle of th~ crossing and the variables , including magnetic field,
time of exposure to it. A dominant diurnal variation , ground con-
daytime mode is replaced by one or ductivity, excitation factor , etc.
several other nighttime modes. Modal Paths are broken up into segments
degeneracy, a fairly large effect, with n e a r — h o m o g e n e o u s  c h a r a c t e r
occurs over a rather narrow range of within three distinct regions:
conditions along trans—equatorial excitation , midpath , and deexci—
paths. tation. Full-wave studies now seek

to determine how phase depends upon
A tmospheric noise in the very low each parametric variable. Functions
frequency spectrum is another are approximated, and uncertainty is
important factor pertaining to accounted for by introduction of
signal reception and , hence , to regression coefficients , for both day
coverage. Observational experience and night conditions.
in Omega work has shown that noise -

predictions according to the model of Any semiempirical mode l has to be
the Comite Consultatif Internationale responsive to the ‘input data.
Rad io  ( C C I R )  a re  not e n t i r e l y  Phase—difference data - is easier to
satisfactory. We now use what measure and, hence, accounts for a
is called the Westing house-Naval large fraction of the total data
Research Laboratory or Maxwell base. When signal data are available
(reference 1) noise mode l which which are sufficiently numerous
supports prediction by frequency, and di verse in terms of the geo-
time , and date. The model give s p hysical parameters of the actual
us the expected medi an noise for propagation medi&m~, new regression
a 100 Hz bandwidth, coefficients are derived for
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distribution to the Defense Mapping at the receiver of two or more
and Hydrographic Topographic Center strong—amplitude mode s of the
and to the Omega community. Since propagated signal. Variations
1971, new coefficients have been with distance are typically either
obtained for only a limi ted area of quasi—periodic or , sometimes ,

L the globe and only for transmitting random.
stations in the northern geomagnetic
hemisphere. The PPC model is readi ly Sudden change s in conductivi ty of
incorporated into a navi gational the earth, as at the boundary between
microcomputer; errors of 5 to 10 seawater and freshwater ice in
centicycles are to be expected. That Greenland, can cause spatial modal
model is g lobal in scope , only conversion which is measureable
contains the first mode propagation , (figure 8). In daytime, behavior of

- and it is less reliable where the propagation medium is linear.
monitored data are sparse. PPC ’s
are ava i l ab l e  e i the r  di r e c t l y ,  as Mo de II (the  secon d “TN ” Mode )
tables , or indi rectly as a set of is attenuated more than Mode I. Mode
algorithms from which the values may I is defined as the mode wi th the
be computed. lowest phase ve locity. Also , the

daytime far-field excitation factor
The amplitude model , based on real is generally hi gher for Mode I.
data , is being developed parallel At night, on the path from Hawaii to
to the development of the p hase Guam, attenuation of Mode II is only
model .  S i gna l - t o—no i se  r a t i o  i s  s l i gh t l y  greater than attenuation of
the basic measurement used as input Mode I. Excitation factor for Mode I
to the amp litude model. Noise is less than that for Mode II so that
common to two channels is removed Mode II prevails at the receiver when
by dividing the signal—to—noise close to the transmitter or within 2
ratio of one channel by that of to 5 megameters. Full—wa ve calcu—
the other. The result is that lations compare well with empirical
amplitude differences in decibels data. Eventually Mode II dies off
(dB) can be used as input to the and modal interference disappears.
amplitude model which can be the During the Western Pacific validation
basis for computing optima l mode l test (figure 9), measurements on
coefficients. A mode l wi th more flig hts between Japan , Clark Air
accurate coefficients can then Force Base in the Philli pines ,
be incorporated into coverage and Djakarta , Indonesia , nulls
diagrams. Figure 7 illustrates the actually observed were as predicted
main features of Omega propagation within 50 nmi. A calibrated
medium on which the various models receive r , carried as part of the
are based, special onboard instrumentation ,

did not track at these predicted deep
Because large phase excursions nulls. Moda l conversion at the
may be incurred , modal interference , day/nig ht terminator may lead to
which takes seve ral fo rms (table cycle slipping .
4), precludes application of the
phase correction model in those Modal degeneracy (figure 10) occurs
regions where the coverage diagrams on transequatorial propagation
lead us to expect i t .  Modal i n te r— p a t h s  f r o m  t r a n s m i t t e r s  i n  the
ference is defined as the presence northern hemisphere along azimuth
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ang les from 180 ’ to 210 ’. This navigation is degraded in quality but
phenomenon may be expla ined by not necessarily precluded. The
noting that when two mode s reach fourth mode on the 10.2 kHz signal
the receive r together , their charac— from Liberia is dominant in South
teristics effectively are exchanged , America. Where a higher—orde r mode
more or less , at random intervals is dominant, that region should be
unde r ni ghtt ime conditions . Under e x c l u d e d  f rom c o v e r a g e .  A l s o
some propagation conditions , modes to be excluded are areas in which
only approach degeneracy; unde r there are poor geometr ic relat ion—
o t h e r s , they pass the point of ships with stations being received.
degeneracy.

The basic idea of a coverage diagram
Modal interference does not occur is to portray the distribution
along all paths; its extent ove r of useable Omega signals geograph-
dayligh t paths may become neglig ible ically. But, both signals and noise
as near to the transmitter as 300 are functions of space and time. A
kilometers (km) or as far as 1000 km. geographical plot is not conduc i ve to
At night, modal interference patterns portrayal of the time dimension .
are generally aligned easterly and Clearly, coverage diagrams cannot
westerly. The stations in northern provide for every hour of every day
latitudes , such- as Norway, do not of a year. Instead , signal ampli-
exhibit modal interference beyond the tude , signal phase , and median
“near-field” region in daylight; only noise amplitudes are computed for 8
in the near-field are di fficulties to 16 radial paths from each trans-
encountered. Along nigh t paths where mitting station for both local summer
modal interference is absent, signals noon and local winter midni ght
travel to great distances even beyond conditions; threshold points are then
the antipodes. However, the world is located and a boundary contour
neve r more than half dark, developed by connecting the threshold

points. Although some radial paths
Si gnal—to—noise ratios of —20 dB cross terminators , a reasonably
(100 kHz bandwidth) are taken as good mode—conversion model has been
a lowe r threshold for p lotting developed to perform the calcu-

• coverage diagrams. Early equipment lations. Once the geograp hical
was considered incapable of tracking coverage of each station has been
at lower signal—to—noise ratios. plotted , a composite coverage
Coverage predictions using a lower diagram is developed by overlaying
signal—to—noise ratio threshold of all of them.
-30 dB show very significant exten-
sion of possibilities for navigation The tempora l component could have
with Omega signals. been eliminated by averaging values

ove r a number of samples taken at
A criterion has been established regular global time intervals. Also ,
for phase stability to indicate the one could anticipa te extreme con-
onset of modal interference . The ditions for a fixed local time .
criterion selected was that the total Another technique is to present the
signal phase excursion (over-the-path percentiles which show what percen-
distance) from that of the dominant tage of the time a given path is
mode be less than 13 centicycles. In covered or not covered. Most

• the regions of modal interference, work has been focused on local
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summer noon and local winter  midn ight delphi a and Ottawa . Ar gentina
conditions. At local summer noon, is available at 10.2 kIIz via the long
we expect noise to be hi ghest and path to Japan and other distant
signal to be most attenuated so we points in the North Paci fic.
expect the least range. At local

L winter midn ight , we expect noise to When degeneracy occurs , it is
be low and signal to be hi gh , but devastating, but its occurrence
modal interference becomes dominant, depends on the nighttime ionosphere .
These two conditions are believed to Australian moda l patterns will be
be roughly indicative of Omega similar to those from La Reunion.
cove rage 10 to 20 percent of the The Western Pacific validation
time . showed moda l interference along the

path from Tsushima to Clark and also
An earlier coverage diagram contained to Jakarta.
the geometry criterion that the
root-mean—square (RMS) radial error The lower threshold signal-to-noise
be less than 1 km per centicycle of ratio for acceptable signals is -20
RMS phase error. One coverage dB (100 Hz bandwidth). LSN is
diagram was produced under the the abbreviation for local summe r
criterion , perhaps the most noon , and LWM is for local winter
stringent , that signals be accessible midnight and PSMI stands for possible
for both local summer noon and local significant moda l interference.
winter midnight. Contours of the coverage diagrams, of

course, can be overlayed to show what
Nighttime modal interference on signals are available from each
the Norway 10.2 kHz signal is transmitter. From these, the corn—
restricted to the near—field region. posite world coverage is developed.
The pattern of modal interference
from Liberia includes fourth—mode Some of the results to date of
reception at 10.2 kllz in South the July 1978 Atlantic/Carribbean
America. The ni ghttime 10.2 kHz validation tests are already avail—
modal interference zone for Hawaii able. Tests are conducted in places
extends to the west and southwest, where signals are apt to be marginal

and in those regions most important
At its hig h geomagnetic latitude , to navi gation . Measurements are
North Dakota does exhibit only compared wi th predictions and then
nominal modal interference on night- extrapolations are carri ed to other
time 10.2 kHz signals. La Reunion regions. Observed nulls are
produces stable long-path si gnals generally located as predicted even
in the daytime in the U.S. and though their depth is less well
Northern Atlantic , while its short— correlated. Of course , receivers
path si gnal exhibits modal inter- will fail where the signal nulls
ference in this region during local occur since noise will usuall y
ni g httime. Like La Reunion , persist at a steady level. Perhaps
Australia will provide extremely the best prediction tool is the
long-range signals when it goes full-wave/wavegu ide-mode model.
on-air. Nighttime modal degeneracy Most often the CCIR noise or the
on the Argentina signal is found in Westing house noise contours , as
a region west from a line that runs published for various Greenwich Mean
north from Argentina through Phila- Times , are also applied.

3-5
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The routes followed in the Convair Ve r de Islands . One path , from
CV-880 aircraft emphasized adjacent Monrovia to Natal , is almost coin-
great-circle radials from Argentina cident with the geomagnetic equator.
and Liberia during a set of seven The courses were selected to answer
night  f l i ghts, the most urgent questions about the

extent of modal interference , low
At Puerto Rico , a temporary monitor signal—to—noise ratio , and long—path
showed tha t Norway  i s r ece ivab le  si gnal behavior in the Northern
on 10.2 and 13.6 kHz at about 40 dB Atlantic region.
in signal strength , a signal-to-noise
ratio of about 5 dB. Liberia was To summarize , the following state-
good in daytime , especiall y at ments may be made:
13.6 kllz, but modal interference and
mode conversion produced SNR nulls Optimum perfo rmance is pr edicated
at 13.6 kllz to -20 dA while 10.2 on all the Omega transmitting fre—
kllz was found without nulls but quencies arriving via a sing le
generally weak , dominant mode at all points of

reception around the world.
The 13.6 kHz signal from Argentina
at Puerto Rico was good both day A single dominant mode, is observed
and ni ght; where the predictions along all day —p r opagation paths
show ni ghttime degeneracy just to outside the near—field region ( 1000
the west of Puerto Rico at 10.2 kHz , km radius from a transmitter).
the signal was down —30 dB at night.
Japan was received adequately at the Mo da l dominance is not observed
Puerto Rico monitor even at —15 to along paths of ni ght propagation
—20 dB. On a run to the east of over certain azimuth ang les from
Puerto Rico , the Argentina signals transmitters situated at low
were good. The radial from Liberia latitudes.
to i~ferida in the Yucatan contained no
nulls despite a few instabilities. Global coveraq”è is practically
On the Puerto Rico to Bermuda path, • complete, despite less than perfect
13.6 kHz was fine, but the 10.2 kHz propagation because :
frequency from Liberia was poor and
resulted in cycle sli pping. At . propagation arrives via dominant
Bermuda, the Japan 10.2 kHz signal mode s along both day and ni ght
was received better than 10.2 kHz paths from transmitting stations
from Argentina; Norwa y was good, and situated at higher latitudes.
10.2 kHz from Liberia was good while
Argentina produced weak signals. 4t ‘ propagation of signals at night
NAFEC , there were no signal losses, extends to g r e a t  d i s t a n c e s  v i a
but noise contaminated the reception. paths at azimuths favoring sing le

dominant modes.
The second portion of the validation
mission is planned to fo l l ow  the ‘ day signals propagate via
routing which connects Atlantic single dominant modes.
City with  Gander , Newfoundland; Lajes
in the Azores; Ke flavik , Iceland; no more than half the earth
Bode, Norway; Rota, Spain; Monrovia , is ever in darkness.

• Liberia; Recife , Brazil; and the Cape
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OMEGA PERFORMANCE IN AIR
CARRIER OPERATIONS

~~~~~~~ 
- 

Patrick R. 3. Reynolds
-~ Pan American World Airways

( T h i s  a b s t r a c t  was p r e p a r e d  by in the Atlantic area. Accuracy data
Chairman Scavullo 

- 
from a transcript were enumerated as based primarily

of tape recording . Circumstances on checks at known points , usually
prevented Mr. Reynolds from providing at termini of oceanic fli ghts.
a publishable manuscript for these
proceedings.) Question (Dr . Reder) Have you

observed the Greenland shadow effect
This historical background for when Greenland was at night ? In
replacing LORAN-A in the Pan American summer, Greenland is not at night.
fleet of 40 aircraft was reviewe d

• from trials of Omega navigation sets Response (Reynolds) Yes sir , many
through comparative testing of times. I have tracked Norway both
available equipments. Operational summer and winter on westbound
trials in the Atlantic from New York flights to learn where Norway goes
to Denmark and Germany, and in below threshold. It does so about 80— 
the Pacific between the United to 85 deg r ees west long i t u d e  i f
States and Tahiti , New Zealand , tracking across Midnorthern Canada.
Australia, Hong Kong, and Japan were Signal—to—noise ratio does not
described, start to fall off until you have

cleared the west coast of Greenland
Comparisons were made of both H—field with its whole width between you and
and E—field antennas. Successful the transmitter .
placement of H—field antennas were
mentioned. Four vendors offered Remarks (Dr. Reder) When Greenland
production models of Omega equipment is in shade,...that is at night...
for the third phase of operational then one should not expect auto—
comparisons over extensive oceanic matically to lose the signal. The
routes. Usuall y, more than three problem starts as soon as the sun
stations were received. Findings rises.
about the effect of Greenland were
mentioned and the inf requency of Response (Reynolds ) I have not
evidence of solar disturbance to tracked it to that level of detail.
navi gation was emphasized. Modal The Winnipeg Hole is a reasonably
interference was indicated as the good handle. You just don ’t see past
most troublesome effect of Greenland.
propagation or accuracy of navigation
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SOLAR FLARE FORECAST ING AND
EFFECT S ON OMEGA

Dr. Paul Levine
Megatek Corporation

yj;
~

BIOGRAPH Y the magnetic field and interactions
wi th earth ’s magnetosphere. Ultra—

Dr. Levine is Chief Scientist violet and X—ray radiation arriving
of Megatek Corporation and holds in connection with a flare has
a Ph.D. in Theoretical Physics from the net effect of lowering the
Cal Tech. He has worked extensively ionosphere. As a result of the net
on the development of minicomputer change in waveguide dimensions , there
systems for real—time radio may be expected a phase advance due
propagation forecasting, data acqui- to an increase in phase ve locity over
sition/analysis , and control . His the path as though the station were
publications include analyses of the getting closer to the receiver. The
r e l a t i o n s h ip b e t w e e n  n a v i g a t i o n  change only occurs ove r the dayligh t
accuracy and traffic , safety, miti— portion of the total path .
gation of SILl effe~c ts  on r a d i o
navigat ion systems, and Di fferential It has been said tha t effects of
Omega for the U.S. coastal confluence sudden ionosphez c disturbances are
region, rarely seen in practical navigation;

this can be misleadi15g. In a given
**~~~* * * * * * *# * * * *1* *N* * *~* *# * * * *# * ** * * *  s i t u a t i o n , a receiver in day lig ht

will think itself closer simul—
(An analogy between this talk and the taneously to all stations whose
fan dancer ’s fan: it calls attention propagation arrive s over some sunlit
to the subject without fully covering path. These false di splacements
it.) A solar flare is an explosion are rarely equal as their exten t is
on the surface of the sun , an governed by the length of the day-
eruption with energy equivalent light path and the solar zenith angle
to millions of megatons of TNT. When along the pa th. But , evidentl y,
one occurs , the electromagnetic there would be some mutual cancel-
radiation which emanates immediately lation of the shifts towards multiple
is followed by a stream of solar gas , stations. The vector resultant would
largely protons , in nominally radial be significantly smaller than if only
directions in patterns distorted by one signal were advanced in phase.
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Thus, the net effect , or resultan t solar cycle. Solar physicists think
error vector , depends on the time at of’ a 22—year cycle because of the
which the flare takes effect and on changing polarity of the solar field.
the Omega propagation matr ix. Effects build up to a peak every 11
A history of experience which shows years , but the polarity alternates.
little degradation to navi gation Coing back to 1740, the recorded
performance , related to sudde n solar cycles were analyzed by NOSCI
i o n o s p h e r i c  d i s t u r b a n c e , has thus NEL C which fitted wi th precise time
to be analyzed accordi ng to the t ime series (f igure 11) to obtain a basis
of day and geometry of the situation , for forecasting by extrapolation .
Failure to observe significant 510 This forecast of a major upcoming
effects to date does not guarantee cycle disagreed wi th other fore—
tha t the future will be free from casters including NASA , which antic-
important effects when circumstances ipated a relatively minor cycle.
are conducive to them. Recent observations tend to confirm

that we are i ns tea d moving in t o  a
Eventuall y, the solar—proton par- very strong solar cycle wi th effects
tid es reach the earth , interact likely to be more pronounced than in
wi th earth ’s magnetic field spiral any recent history. The 1969 maximum
i n t o  the polar areas ove r a more involve d disturbances on more than 20
extended time period. A delay days per month on the average. Of
of 8.3 minutes is involved in course , some were of low intensity
propagation of sola r X -ray s and and some of short duration so that
e x t r e m e  u l t r a v i o l e t  f rom sun to their effect on navi gation was
earth. Both can cause increased small or neg ligible. But, soon we
ionization of the P reg ion of the can expect an increasing number of
ionosphere e f fec t ive ly  decreasing the days per m o n t h  when so lar  e f f e c t s
height of the waveguide and will be of more than academic
increasing the wave velocity. About interest.
15 minutes to severa l hours later ,
the larger particles , (protons , and Correlation of the 1—to-8 A ’ X-ray
alpha particles) reach the earth and flux , detected by a satellite ,
affect the waveguide down to a with the phase advance of an Omega
latitude of 60 degrees with respect signal on the same time base shows
to the magnetic poles; depending (fi gure 12) the peaks occur in
on actua l energy levels , they approxima te coincidence , but phase
increase ionization in the polar cap recovery takes somewhat longer ‘-han
region for periods of several days. the X—ray decay. Swanson and Kugel
About 20 to 40 hours after onset , the (r e fe rence  5), in 1974, published
energetic particles , interacting synoptic data on sudden phase anomaly
wi th the magnetosp here and the lowe r parameters. For example ( f igure  13)
ionosphere , produce magnetic storms on a path from Hawa i i to Rome, New
whose worst impact is to HF propa- York , the maximum offset for
gation ; they do not di rect ly  affect  di f f e r e n t  years  was typ ified by a
VLF very much , mean peak excursion of some 25

centicy les , but there is a long
Our recent experience of the past tail on the distribution and some
few years cannot suffice entirely events are larger indeed.
since we have been observing during
a relatively quiet part of the The p hase rate of change during

onset typically over a rise of
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10 minutes is about 3 to 4 centicyles PROPHET
per m inute and the decay takes about
40 minutes . (An effective technique At the Naval Ocean Systems Center ,
for detection of SPA ’s is to note the so-called PROPHET system is
unusual rates of change.) The equi pped with a VLF tracking
duration distribution shows that, on r e c e i v e r , oblique HF sounder
the average , effects last 45 to 60 receiver, and a radio telescope for
minutes although some phenomena last observing the sun ; it is linked both
for several hours. Recovery is much to the Air Force Global Weather
slower at perhap s 0.6 centicyle per Central and to the Space Envi ronment
minute. Services Center of NOAA in Boulder ,

Colorado , and to other real—time
Regularities exist in the SIP ’s: resources for monitoring the solar
at 13.6 kHz the phase excursions environment. The idea is to deploy
are less on a gi ven path than at 10.2 at a variety of user facilities
kllz in proportion roughly to the ( f i g u r e  15), s p e c i a l i z e d
ratio of the wavelengths. (Above minicomputer—based terminals that
about 15 kHz , phase advances would will take a subset of the real—time
begin to increase as the frequency data base to do operational manage-
increases.) 

- 
ment of radio frequency ’ systems. A
terminal is presently running which

The probability of observing a phase was configured for HF frequency
offset of some value greater than 30 management ;  i t  could be geared as
centicycles varies from year to year well to VLF services. As a step in
and is perhaps a few percent . As the this direction, on an experimental
sunspot number reaches about 90 to basis , the terminal contains
100, some 300 events per year may be algori thms which attempt to predict ,
expected on a global basis. in real-time , what the additional

PPC ’s due to the current output of
Polar Cap Absorption Effects (PCA ’s) the sun should be. Using one of
PCA ’ s are cons iderab l y rarer than ONSOD ’s monitor receivers , an
SIP ’ s - — w i t h  a t y p i c a l  f r e q u e n c y  exper imenta l  program is  underway
of occurrence of 20 per year at at NOSC to generate minute-by—minute
s o l a r  max imum . Position error predictions of phase advances on all
could reach more than 13 to 15 nmi as the paths while observing the flares ,
the PCA proceeds ove r a period of comparing predictions with the
days (figure 14). Sometimes PCA ’s receive r output, and through several
can have a rapid onset of the order iterations to secure a refined
of 1 hour. In such cases , pilots disturbance model.
need to be told when a threatening
disturbance is in progress. A It is also possible to undo the
multihour flight can be planned to effect of a PCA by means of real-time
take place during a PCA once m i -  monitoring. Satellites are now making
tialization has been accomp lished proton measurements which could be
over a known point; the event tends combined with PCA correction models
to remain stable over a reasonably already available at NOSC to deter-
long time . In other words , a PCA mine the corrections to lines of

• correction often can be calculated position. In this way, typical
in advance. PCA-induced navigation inaccuracies
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of 7 to 8 nmi can be reduced to the position input , s u c h  as dead
nominal accuracy level of the Omega reckoning , so as to subtract out to
or VLF sys tem. 

- 
a large degree the effects of SID ’s.
The corrected residuals are p lotted

Omega! VLF Navigation Signal Monitor as a function of the uncorrected
residuals during SIP ’s in figure 17.

Omega s i g na l s  can be monitored Even though an error as large as 40
a t a f i x ed loca t i on by a rece i v e r  centicycles has been induced by an
linked to a minicomputer (figure 16), SILl , the cor rec t ion  a l g o r i t h m  can
which loads a floppy disk to maintain reduce the net inaccuracy to about 4
an archive of nominal diurnal phase centicycles.
variations derived from averaging
the output of the receiver over CONCL USION
many days. The computer can judge
i n s t a n t a n e o u s l y  any deviations In c o n c l u s i o n , we ma y  e x p e c t  i n
fro m the norm . By consistency the near future that solar effects
checks , the computer identifies will be more frequently noted and
causes of any anomaly, evaluates the scrut inized in more detail than have
Omega system status, conveys to its been possible before. The data base

• operator (here the FAA): (1) the that will be collected- in the new
occurrence of an anomaly or faUlt in Omega data bank should be extremely
the system , (2) its probable cause, valuable for the analysis of these
and (3) recommended actions. Since events since there will likel y be
May 1978, the system has operated at several recorders flying at the time
NAFEC with Omega si gnals only . of an event in di fferent parts of the
The terminal will be expanded soon to globe. Modeling the effects of SIP ’s
include VLF signals being applied to on Omega can t~ en be made more
navigation , realistic with such well—dispersed ,

phase—tracking measurements during
Automatic SIP Cancellation the flare , together w3~,th instan-

taneous X-ray data taken by solar
The next generation of airborne observing satellites. Above all , it
Omeq a/ VLF navigation equipment may be premature to say that (based
might have embodied in its software on subjective impressions of the
an o t h e r  p o t e n t i al a p p r o a c h  to  past) solar effects need not cause
cou n t e r i ng the e f f e c t s  of s o l a r  concern in  navi gat ion; there w i l l  be
activi ty. The regularities of SIP times and places where the stations
e f f e c t s , the fac t  t h a t  they  scale in use for navigat ion wil l  not yield
with frequency and with dayti me a vectorial cancellation of SID—
pa th length in certain known ways , induced errors. Errors of the
means that the Omega and VLF signals order of 8 to 10 nmi miles due to
can be combined taking these effects SIP ’s will occur. Techniques are
into account when determining a fix, currently unde r developmen t for
A paper (reference 6) published in warning the airborne navigator when
the 1976 Marine Navigation Symposium such errors are expected and for
in San Diego , California showed mitigating SIP-induced errors by
that the signals could be combined , mo r e  sop histicated navigation
with the help of an auxiliary software.
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A BANK FOR OMEGA
PROPAGATION DATA

Dr Lorraine Rzonca

~~~~~~~~ ~\ 
Federal Aviation Administration

BIOGRAPH Y a most capable programer, has begun
to work on processing architecture.

Dr. Lorraine Rzonca is a physicist in Your response to this handout with
the L ORAN-C/VLF/Omega program at i t s  quiz at the end will be con-
NA FEC collecting and analyzing sidered in designing the approach to
LORAN—C and Omega data in mountainous our data—processing, analysis, and
areas and contributing to the reporting .
development of the Bank For Airborne
Omega Propagation Data. Dr. Rzonca Development of the data bank at
holds a 8.5. degree from Drexel NA FEC is outlined in table 5. It
University, M.S. and Ph.D. degrees begins with the Omega installation in
from the University of Massachusetts. commercial aircraft, cassettes loaded
Her Ph.D. dissertation, which builds with data will be returned to NA FEC ,
upon the kinetic theory of rarefied data will be transferred in our
gases to develop a model of shock laboratory to 9-track tap e for
waves in quantum gases , serves processing in the Honeywell 66/60
as a basis for pursuing the study computing facility where the accu—
of ion production and interaction mulated data can be examined for
within the ionosphere which may trends , anomalies , and performance
affect Omega Propagation. interruptions. Finally, the data

will be analyzed to assess the
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ effects of phenomena in the propa-

gation environment. We expect a
The Omega data bank is for the variety of Omega navigators connected
benefi t of all those who will par- through our recorder to the data
ticipate. A handout (appendix A) bank . After a few months of data
synopsizes the present concept for taking , we can begin some statistical
handling the data now expected. We analysis. The quarterly report , to
have the capability of processing be written around this analysis ,
large amounts of data by automation will be distributed promptly to
with the Honeywell 66/60 computing all those who participate in the
facility at NA FEC. Hr. Shiu Cheung, program.
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We also hope to incorporate in our installation, propagation , or trans—
bank some of the air traffic control mittBr performance . Air carriers
gateway fixes and some of the data will have confi rmation of the long-
received by the ONSOD monitor network term operational reliability of the
will be studi ed for correlation . Omega navigation system to support
Solar and geophysical data supplied their decisions regarding purchase,
by NOAA will be studied and their installation , continued use , or
implications covered in a final extension of Omega to other aircraft.
report. Some of the data could support

development of guidelines for pilot
The types of information expected training.
from the airborne Omega recorders
are tabulated in an enclosure to The FAA hopes to o b t a i n  r e l i a b l e
the handout, (see pgs . A—i through data for the certification of Omega
A-3). Some avionics can deliver more and will apply it to simulations of
items and some less. But , each proposed , unproven , air routes.
aircraft—Omega combination will be Manufacturers would use the data to
treated as a unit type. The support claims for the equipment and
aircraft will traverse cells 10’ learn from the data bank records
1 on g i t u de by 10 • I at i t ude . One whether there is any need to change
early treatment will be to distribute either hardware or software.
experience of the seve ral a i rcraf t—
Omega units ove r the geographic NAFEC’ s experience has involved
cells. Unit characteristics and p r o b e  f l i g h t s  ( f i g u r e  19) , but
geographic cell characteristics will sys tematic repetitive coverage of
be derived in statistical terms. wide ocean areas has not been under—
Another treatment will be to combine taken. During January 1976, NAFEC
unit and all characteristics into personnel took a portable recorder
overall Omega statistics (figure onboard a TWA aircraft which had been
18). equipped with the early Litton-Amecom

ONS-20 1 Omega set. During one night
The statistical reports will include flight from New York to London, dead
anomalous propagation events, discon— reckoning occurred. The recorde d
tinuities in signal reception , data were examined later for all five
unexpected signal phase shifts , loss crossings , two of which were in
of proper lane coun t, levels of dayligh t going westward , and the
si gnal—to—noise experienced , time others were at nigh t going to the
correlation of airborne data wi th east. The records showed a dramatic
ONSOD ground monitor , and HUM data. dip in signal-to-noise ratio (SNR)
Of course , complete printouts of the on 10.2 kHz from all the stations in
cassette records will be sent to operation at that time. The dip
participants who supply them for occurred during some 30 minutes
whatever use they may have for the between 30’ and 2O west ldngitude
printouts , and latitude 55’ north. The record

from the crossing 2 weeks sooner also
Benefi ts are seen to include develop— showed a similar , but less severe,
ments of the statistical character- dip at about the same place, i.e.,
istics of signal coverage and its between 3O and 2O west, but at 52 ’
variations, separations of anomalies north.
into prob lems due to the avionics ,
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We were invited back again in July in specific areas , and we may say
1976 once an early production mode l that Omega propagation may be
of the Dynell OHS Mark VII had been affected by natural phenomena both
substituted by TWA in the same randomly and systematically.
aircraft . We could not obtain SNR ,
but the number of stations judged At present , we are fl ying probe
useable reduced noticeably in the fli ghts with a Bendix early model
same geographic area marked earlier ONS—2O interfaced wi th a special ly
by dips in SNR. Was all this coin— tailored di gital recorder. We have
cidental? Evidentl y, more infor— f lown in A l a s k a  and in the
mation is available from the ONS—20 1 Carribbean . En route to Alaska, in a
than from the Mark VII. Convair CV—580 aircra ft , we traversed

Canada, passing through the Winnipeg
What do the dips mean? Are they Hole. Nothing dramatic was noticed.
related to geograph y, are they
localized , isolated, peculiar to a Si gnals from stations Hawaii and
particular aircraft ? Data based on North Dakota suffered a 5-minute drop
several  c a r r i e r s  fl y i n g  the same of si gnal—to-noise ratio from a
routes at di fferent times and sea— leve l of 10 to a level of 3. Evi —
sons with differen t equipment are dently, the boundaries of the so-
needed both for discovery and for called Winni peg Hole have some
reassurance, mobility. Later , we passed over

Edmonton and the Yukon en route to
It has been noticed already that Anchorage. We noticed temporary
hand copied (kneepad) data are reduction of signal—to—noise ratio
collected in—fl igh t at relatively for periods from 5 to 7 minutes
low rates. Reliable kneepad records from levels near 10 to levels of 6—7.
usuall y are not written more fre— On one occasion, SNR dropped below
quently than every 15 minuteS , the threshold for about 5 minutes and
and many are written only on arriva l the ONS-20 dead reckoned through the
at waypoints designated in the interval. The effect of Greenland
fligh t plan. Clearly, imperfections and other predictable phenomena were
in signal quality can be overlooked all observed with some satisfaction.
if they do not overlap the actua l
hand copy process. We would try One fl ight from Anchorage included
to sample all data every minute a 5-minute dip in SNR which denied 

-

during a fligh t so we did not us Norway, Hawaii , and Japan.
advance more than one full Omega Approaching Gulkana, Alaska, we were

• lane before the next sample. at minimum en route altitude. As a
result , sometimes we were behind

To summarize the results of the certain peaks . It was tempting to
e a r l y  probes , it may be said that associate loss of signal-to—noise to
the avionics generally functioned those peaks. In one case , North
admirably and reliab ly, the available Dakota dipped below threshold for
Omega signals from the transmitters about 30 minutes. Ten minutes later ,
have improved with time, dips in SNR at an altitude of 8 , 000 feet ,
w e r e  not a l w a y s  c o r r e l a t e d  w i t h  Norway a l s o  s u f f e r e d  a 30—minu te
periods of dead reckoning, received dip. It was our op inion that the
signal-to-noise seemed to dip from 17,000-foot mountains obstructed
all stations at the same time and the Norway si gnal. En route from
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Fairbanks to Chandelar Lake at Response (Dr. Rzonca) Not always;
an altitude of 12,000 feet , Mount sometimes ramp position is incorrect
ldcKinley seemed to loom between us by a few tenths up to about 2 minutes
and station Hawaii which caused the in the worst case. Yes , the INS
Hawa i i signal to dip dramaticall y, is taken as the reference so OHS

error is really the OHS minus
the INS values.

Question (Scull) Was there much
snow on the mountains ?

On another fli ght out of Bermuda ,
Response (Dr. Rzonca) Yes , it navigating on the Liberia 305~seemed qui te  a lot to me for summer r a d i a l , the northerly offset in
time . Anal ysis of the data from OHS position was apparent , but
Alaska has not yet been completed. on the return leg of the same radial

the north offset did not show up.

Data from the flights in the Convair A sample p rintout from ONS-2O is
CV— 8 80 aircraft , taken over the illustrated in table 6. Greenwich
Carribbean during the fi rs t sequence Mean Time (GMT), present position ,
of the. 1978 North Atlantic Omega station status, SNR for all received
validation mission , have not been frequencies , and aircraft information
transcribed from cassettes to com- are compacted in a small page area.
puter tape. However, as I observed
it , the position readout on the The graphic format used for p lotting
ONS—20 display seemed to lag the INS SN!? data is illustrated in figure 29.
pos i t ion by 1/2 to 1 minute of arc . It represents the 10.2 kHz SNR
There seemed to be a north-bias variations in the si gnal from
relative to the Litton Model L TN-51 Liberia recorded at i—minute inter-
INS. vals during a flight on July 19, 1978

from San Juan , Puerto Rico to Merida,
When we flew a r adius-of-action Mexico.
mission out from San Juan along 

—
the 288 ’ radial out of Liberia ,
once a g a i n , ONS—2t J was north of Question (Dr . Reder) Did the oper-
L TN-51. Each leg of the two-way ator notice the dip as it happened or
flight must be examined separa tely. was it only found out after the
Great care , as expected , needs to be fl ight?
applied in order to make s t a t i s t i ca l
sense. Response (Dr. Rzonca) This behavior

was observed in the aircraft and
During the nor ther ly  radius-of-act ion plotted later . There was a Tracor
fli ghts out of Bermuda , the north 599 receiver onboard along with a
bias was offset along track by the strip—chart pen recorder , but it was
usual lag, whereas , on the return to not monitored continuously during the
Bermuda, the lag and nor th  bias added f l ight.
together.

Observation (Dr. Reder) If you could
observe such a dip in flight , then

Question (Carmel) Is the INS always you could fly back and forth ove r
correct? Is the error always in the same course and determine if
the ONS? there was any relation to position.
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rhe signal from North Dakota was Omega data will be collected in-
usually observed to be very strong fligh t over a 2-year period. At the
during the fl ights , but the record end, a final report will encompass
later showed severa l instances of all the information in the bank .
dramatic loss of SNR. Similar p lots Emphasis will be given to distri-
for the same flights are to be made butions of inaccuracies as they may
for 13.5 kHz and 11 1/3 kHz. The few affect criteria for track dimensions.
plots we have for 13.5 kllz show
similar dips which were recorded at We will try to evaluate the PROPHET!
the same times as the 10.2 kHz Omega real—time monitor giving
si gnals. As we flew closer to a attention to solar geophysical
station , received si gnals became p henomena occurring during the
stronger; as we flew away along period.
radials , we could also see the SNR
decrease. It’ s going to be your bank . You

can expect to get out of it what
Please complete the homework handed you put into it (with interest). A
out to you (see appendix A , pg s. truly cooperative effort should prove
A-3 through A-8). It will help us most valuable. Perhaps some of
anticipate your needs . While we you would like to raise some
won ’t be able to report anything questions at this time?
until the bank is supplied with data,
our p lanning for software and
processing has to be undertaken Question (Dr. Levine ) How fine
without delay. What is important to grained will the accuracy measure-
your operations? Individual fligh t ments be? Will you take objective
reports with your designated listings fixes only at continental gateways?
can be c o m p i l e d  and  d i s t r i b u t e d
rather quickly. I will look at Response (Dr. Rzonca) As I now
lateral deviat ions greater than 3 and envision it (for most Omega equipped
6.3 nmi , dips in SNR, time of occur- aircraft), it will just be at t h e
rence , seasons , and geograp hic gateway. But, we migh t be able to
locations. In the quarterly reports , arrange more readings depending on
we s t a r t  combin ing  data from a l l  geograp hical area and what partici-
units in all cells, pants can handle in their aircraft.

One statistical treatment will be Comment (Dr. Levine) Mr. Robert
the sequential sampling of lateral Morrison and o t h e r s  have a p r e tt y
deviation. Excess deviations will be good handle on methods of getting
correlated wi th: more accuracy data. -

1. Effect of PCA ’s on accuracy-—will Response (Scavullo) Tomorrow you
check with changes observed at will  see that the digi tal recorder
ground monitors , can handle concurrsntly the Omega

output and output from - one or more
2. Changes in SN!? are to be cor- other digital systems . Carriers
related with increase atmospheric offering more accurate positi on data
radio noise. from another source in the aircraft

can record it for- ready comparison
3. Occurrence of transmitter outages wi th the Omega. However , for pur-
and power reductions of course will poses of sorting our observations
be matched to our data.

_ ij  _ _  . - - -. 
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into 10 by 10 ’ cells , we will be Ouestion (Unidentified) How much
satisfied with the p osition as of an accuracy factor are you
determined within the Omega set. putting in your (ATC) rada r call?

Ques t ion  (Or. Reder) Did all the Response (Scavullo) Fl ight standards
s i gnal-to—noise ratios for all has worked out a technique in con-
s t a t i o n s  di p together during the nection with the MNPS program. I am
January 1976 fl i ghts?  not  ab le  to p lace  a value on the

accuracy of the radar call since I
Response (Dr. Rzonca) Yes , each have never worked wi th it.
of the several signals showed a dip
at the same time. Comment (Unidentified) . . .checking

inbound and outbound. We know
Question (Dr. Reder ) Did you check ri ght now that we have errors up
into the possibility of nearby to 5 miles.
thunderstorms ?

Response (Scavullo) We never know
Response (Dr. Rzonca ) No , I did exactly what the errors are. We
not check that. are more comfortable talking about

the differences between Omega and
Comment (Moore) At the time these the reference , usually INS ; we don ’t
fli ghts were conducted , weather always know if INS is exactly
conditions were clear along the lanes correct.
being traveled. All flights were at
jet altitudes in North Atlantic Question (Davis) Accuracy will
l a t i t u d e s  on the approaches to always be a problem . Accuracy
Shannon , Ireland. I have onl y relative to what? Even if you have
observed all stations providing poor an INS in the aircraft , you have to
reception simultaneously on these calibrate the reference.
two f l i ghts, excep t when traversing
Greenland. Response (Scavullo) We are not

p r i m a r i l y concerned with accurdcy
Comment (Scavullo) Repeating oceanic here. Those airlines (operators)
t r ips for ver i f ica t ion  could not be with high confidence in the accuracy
done in government aircraft alone, and precision of t h e i r  ( o t h e r )
Three round trips in the CV-880 from onboard systems may agree to have
Gander to Shannon and back via position derived from an INS or
fr eflav i k in 1975 were priced at Doppler navigator recorde d on the

• $50,000. We have placed ONS—20 and cassettes along wi th ONS position.
recorders in three FAA aircraft and We will give them printouts showing
we have ordered a Canadian Marconi how the two systems compared.
CMA—740 with data output provision s. Perhaps the Omega manufacturers will
Some tapes are already coming back . convince us that their equipment has
If unusual p henomena are found to been perfected so it produces no
recur locally during the commercial noticeable contribution to navigation
f l i g h t s , we will probe the area inaccu racy. We expect ONSOD to
more carefully with an instrumented perfect all ground stations finall y
g o v e r n m e n t  a i r p l a n e  fo r an so they t r a n s m i t  with utter con—
explanation. sistency and comp lete reliability
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in all useful directions. But , we data, but we don ’t yet know whether
are not sure about the propagation we are leaving out something help ful.
environment. This majestic natural
subsystem must be studied by FAA Question (Carmel) What is the
in ful filling its responsibilities likelihood that harmonics of 400 kHz
about  Omega n a v i gation . What can could have increased along power
be done about i t s  u n p r e d i c t a b l e  c i rcui t s  in the aircrad’t?
propagation disturbances ? We do not
know how to stop a SID or a PCA . We Response (Scavullo) It is possible
can learn more about them so that that noise surges along power
rational judgment can be made whether l i n e s in the aircraft could enter
anything can be done to the trans — the system to affec t SNR. We were
mitting or viewing subsystem and what not instrumented to check for
that should be. Perhaps nothing power-frequency harmonics in the
s h o u l d  be a t t e m p t e d .  Where  do TWA a i r c ra f t .  In the NAFEC a i rc ra ft ,
we get the most anomalies ; when do our p r o j e c t  p o w e r  i s  r e g u l a t e d
they occur; what  mechan isms  b r i n g  s e p a r a t e l y a n d  f u r n i s h e d  by a
them about; which of these can be separate power supply. It had not
compensat ed? For example , the occurred to me as yet to monitor l ine
evidence described by Dr. Rzonca of a frequency or its harmonics.
“hole ” between 0 ’ and 20~ west en
route to England from New York may Comment (Erikson) If we have enough
never be repeated. But , if it is recorders installed in different
seen several more times , we woul d a i r c r a f t / a v i o n i c s  u n i t s , we can
focus our analysis on possible expect to sort out between equipment
explanations until we were sure di f f i c u l t i e s  and propagation
whether the cause was some geopysical anomalies when an effect is repeated.
mechanism such as local gravit y
vectors or errant electrojets Response (Dr. Reder) We have to
in the ionosphere. That is why we test the reaction of receivers
have assigned a physicist to this to sudden changes of input and ,
project . as Mr. Carmel pointed out, to change

in line frequency. We have observed
Question (Dr. Reder) Is there harmonics of 400 kHz power inter-
any possibility that the suspected fering with Omega signals. The other
hole west of Shannon was actuall y possibility is that we pick up
an equipment problem ? What could external signals and get interference
have happened in the airplane on on a harmonic of signals from other
all those crossings ? sources such as VLF communications

system frequencies with a very strong
Response (Dr. Rzonca) It is pos - response though it is not on Omega
sible. But the dips were seen on frequency. We have observed this
different occasions in the same interference from Forestpor t ,
locale with two di fferent Omega sets, about 20 dB , which is only separated
All three crossings were in the same from Fort Monmouth by 200 miles.
aircraft. We will continue to And our airplane was fly ing in the
seek an explanation , but none has Carribbean area.
been presented to us yet. We are
trying to collect a lot of di fferen t Comment (Scavullo) It is a comfol t
status words now other than Omega to realize that Dr. Reder ’s office
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is onl y 100 miles from NAFEC. is not to be relied upon. We are
When we can v i s i t  h i m , we will go interested in the data and in partic—
through his check-off list to be sure ipation by the members of NBAA or any
we don ’t overlook something important other business aircraft.
in our next test program.

Comment (Un i dentified) One of
Question (Carmel) Mr. Quinn , it the FAA 727’s will be flying the
bothers me that the “World” as used SAFI patterns regularly with ONS—2O.
to label the “World—Wi de Omega Some 90 percent of its flights will
Navigation System” does not really be domestic (CONUS).
include the sponsoring nation, the
United States. Your presentation Comment (Scavullo) The ONS—2 0
specifically referred to the oceanic antenna had been installed first in
routes, but not to overland flight, the high tail of a B-727 at the FAA
You seem to be concentrating on the Aeronautical Center. The loop
commerc ia l  oceanic a i r l i n e  data, antenna was placed under the fiber—
In CONUS , there is a problem for glass at the forward part of the cap
users of Omega and overland perfor— on the vertical stabilizer. That
mance should be included in the data was too close to servomotors
bank. There our other sources of actuating the horizontal stabilizer.
Omega info rmation than the airlines. However , a successful ins ta l la t ion
I am a representat ive of the nonair- has been made. The H-field loop has
carrier segment of the fl ying been relocated outside the cap
community and there are several on top at the aft part of the tail.
others also here at this meeting who All eight stations were received on
mi ght supply Omega data, the ground at Oklahoma City during

the morning hours. Not all stations
Response (Quinn) I see no reason were received after noon. The
why we cannot include data taken over aircraft is now operating out of
the continental U.S. We are Honolulu in its fli ght inspection
especially interested in the system work. Alan Carme l has been col-
operation in Alaska. Transport of lecting data over the U.S. for
Canada and the FM are joined in a several years. We are interested
project to evaluate di fferential in looking at it in detail. But
Omega in Alaska. The work should priorities have been set that require
begin shortly. There are predictions our limited energies to be expended
from Peter Morris and friends on establishing the data bank and
tha t  the recept ion of Omega over expediting the  issuance of post-
the central U.S. after mids ummer noon fl ight reports.
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TABLE 5. DEVELOPMENT OF A BANK FOR AIRBORNE OMEGA DA TA

1. Omega recorders installed in commercial aircra ft

2. Conversion of cassette records to format for processing in large—scale
computer

3. Processing of accumulated data to identify trends, anomalies, or per for—
mance interruptions

4. Analysis of records to assess the effects of phenomena in the-propagation
environment -
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COM1€NTS AND SUGGESTIONS

Dr. Friedrich H. Reder
United States Arm y

BIOGRAPH Y comments and suggestions about these
problems

Dr. Friedrich H. Reder, since 1963,
has been a Research Physicist at the MODAL IN TERFERENCE. Modal inter-
Center for Communications Systems, ference is one of the worst di f-
Fort Monmouth , New Jersey. He ficulties , and perhap s the most
obtained his Ph.D. in Physics from important, because modal interference
Graz University in Austria. After very frequently distorts the night-
studying gas discharge phenomena at time portion of diurnal phase pat-
M.I.T. for two years , he began to terns. It causes cycle jumps when
guide the development of Atomic the propagation flows westerly across
Clocks at the Army Signal Corps the geomagnetic equator into the
Laboratories. Since 1963 he has northwest and southwest sectors.
been engaged in propagation studies This phenomenon is found in reference
for Data Distribution Systems , 7 which cites examples of moda l
especially regarding effects on VLF interference along paths from Liberia
navigation signals and VHF/SHF to the United States and reference 8
signals for data transmission . which gi ves examples from Hawaii to

Australia. In contrast , solar
* * * * * * * *l D* S* S* * * *I* * ** * D* 1 4 9 0** D** *  disturbances cause anomalies much

less frequently.
TECHNICA L PROBL EMS

In orde r to naviga te w i t h  si gna ls
Several important technical problems that are vulnerable to modal inter—
with the use of &nega for air navi - ference, the software in the avionics
gation need solutions based on the equipment is required to recognize
kinds of information to be collected which of the received frequencies
in a world-wide Omega data bank , will lead to a lane slip. Simul-
These problems include modal inter- taneous tracking of signals at 10.2
ference, coverage holes, heavy solar and 13.6 kllz may be a sufficient
activity, and antipoda l inter— basis for a correct solution during
ference . I offe r the following some seasons when moda l phase

anomalies do not occur nearly simul —
taneously on both frequencies.
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Present knowledge leads me to plead We need a better definition of
again for the earliest test of a the boundaries of these coverage
unique—frequency signal from Liberia, holes, if indeed they can be defined.
on any frequency between 15 and 18 This meetin g has revealed con—
kHz , to prove whether adding such a siderable disagreement on the
frequency can be a reliable tool for boundaries of the Winnipeg hole.
overcoming the moda l i n t e r f e r e n ce  -

problem during all seasons. Such a Wi th respect to holes in the Pacific/
hope is based on recordings of Haiku, Indian Ocean/Arabian Sea areas ,
Hawaii ( 10.2 , 13.6 kHz) and NPM (23.4 much hop e is placed on the new
kffz) taken at Brisbane , Australia. Australian transmitter. I am afraid ,
While the ni ghttime p hase of the however , that poor geometry, near—
Haiku 10.2 kHz signal is very field problems , and/or modal inter-
unstable, the Haiku 13.6 kHz signal ference , where the Australian
is better (reference 8), and the signals cross the geomagnetic equator
signal of NPM on 23.4 kHz is still in the northwest di rection , will
better, prevent removal of all coverage

prob l ems (reference 10).
This prob lem will not go away by
itself. As soon as possible , a HEAVY SOLAR ACTIVITY. In spite
determined effort is needed to of increased solar activity in
find a solution. Movement of the April/Ma y 1978 , you have not seen
transmitter from Liberia has been much yet. As a matter of fact, wi th
discussed. But , moving the Liberia respect to proton flares in the
t r a n s m i t t e r  to higher latitudes equivalent year 1967 of the previous
is neither economic nor will it c y c l e , 1978 solar activity was
solve the prob lem for all navigation relatively modest until now. But
areas (moving north improves this may change any time.
propagation to USA , but not to South
America ; moving it south will do Radio reports that the X—ray flare
nothing for the USA problem and will of April 28, 1978 was the la rges t
worsen Omega geometry for the South ever observed are unjustified.
Atlantic area). According to our VLF records , larger

SID anomalies occurred on December
A final comment on this problem : 29, 1968, and March 12 and 17, 1969,
It would be helpful to find out and November 15, 1970.
which parameter(s) of the equatorial
ionosphere cause these large However, in contrast to mode inter-
variations in transequatorial ference problems mentioned above ,
VLF signals. Appropriate correlation there is a rather good chance that
studies over a year ’s period may software techniques, based on already
lead to a clue, existing 10.2 and 13.6 kHz cor-

relation data for 510 phase anomalies
CO VERAGE HOLES. We know already (reference 11), and onboard di s-
that coverage is not good in parts persion measurements will yield
of USA and Canada (so—called 5Winni— a c c e p t a b l e  510 p r o p a g a t i o n
peg Hole ”) and in the Southwest corrections.
Pacific and Indian Ocean areas
(reference 10).
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in view of possible communication losses usually are higher in daytime
blackouts during solar activi ty, the and lower in ni ghttime. Therefore ,
advantage of onboard—derived versus signals affected by antipodal inter-
radio—transmitted corrections can ference m u s t  be deselected (e.g.,
hardly b~. overemphasized. Hawaii , in much of the Indian

Ocean (reference 8), Japan , near the
Because 510 ’s usuall y have fast East African coast (reference 9),
onsets and recoveries , may occur etc.). The effective antipode may be
in rapid sequence , and appear on found 1,000 miles away from the
all sunlit paths , their onboard geographic antipode.
correction seems to be more important
to general aviation than that of The planned data bank program can
PCA anomalies which occur only on contribute much to a better
polar paths and take days to recover; definition of the antipodal inter-
prefligh t corrections can often be ference areas associated with Omega
applied and will be valid for several transmitters. Some seasonal van -
hours of f l i ght time . It must be a tions of such areas must be
remembered that when all received expected.
signals are affected concurrently by
510 anomalies on all sunlit paths and DA TA BANK OPERA TIONS
are not eliminated, the error is less
than when only one or two signals are A number of suggestions can be
so affected. Path lengths and drawn from past experience to improve
average solar zenith angles will the planning and operation of an
usually be so di fferent that the SID Omega data bank . Mutua l benefits
effects are not equa l for all cannot be overemphasized for any
signals. project based on the cooperation

of many parties.
.4NTIPODAL IN TERFERENCE. Antipodal
i n te r fe rence  produces si gnals at The pilots will be most important
the receiver which have unstable contributors. Without their complete
phase and amplitude. Pure long-path cooperation the project is doomed
signals have reversed diurnal—phase to failure. Consequently, they must
patterns , derive some worthwhile benefi t and

they ,nus t be consulted in depth on
.r~e notion of a geographic antipode what the project can give them in
is quite meaningless for electro— terms of data immediately useful for
r~iaqnetic wave propagation. Nonreci- their job.
p rocity of propagation parameters due

~-o the presence and alignment of the Data from many fli ghts along fewer
geomagnetic field reduces west to paths wi l l  be more meaningful than
east below east to west propagation data from a few fl ights along each
losses. There are two other factors of many paths.
contributing to the imbalance of
losses along short and long paths. If economy and safety permi t, it
One is the differen t ground Con — is better to record mo re than not
duct iv i t ies  ( less  ove r land and ove r enough p a r a m e t e r s .  E x p e r i e n c e
huge ice masses then over sea water). tells me that much too often during
The other is due to heigh t of the data analysis , one comes to the
ionosphere which varies so that sad conclusion: “If we onl y had
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measured that oLher parameter we Keep fingers off knobs once all
thought we did not need.” The other controls have been set and checked.
aspect is what you do not need ,
someone else may need. Keep good logs. Never rel y on

memory. Always note down exact CMT
It is desirable to measure simul— when something odd is noted.
taneously all useful si gnal param-
eters on all transmi tted frequencies OMEGA SIGNA L LOSSES ON TRANS-
(important for reduction of radiation CREENLAND PA THS WHEN ICE CAP IS IN
and mode-interference anomalies). NIGH T

Simultaneous ground monitors should In the early part of this meeting,
be carefully selected to match I raised the question whether
the chosen fli gh tpaths . Somehow , a n y o n e  has  noticed an amplitude
air and ground monitors will need improvement on trans—Greenland
to be reconciled, signals when the ice cap went into

nigh t conditions. The answe r
For ground monitors , analog was negative.
recordings in addition to di gital
recordings are high l y desirable for However , our Nor th  Dakota si gnal
easy s p o t t i n g  of anomalous signal recordings at Kiruna and Stockholm ,
behavior. Also , it is essential that Sweden, consistentl y indicate a gain
amplitude is recorded in addition to of 30 dB when the ice cap enters the
phase. A q u i c k  l o o k  a t  t es t  ea r th  shadow and there  is decent
recordings avoids  a lot of wasted phase t r a c k i n g  dur ing  these hours
energy. of nighttime in Greenland.

Always  be susp icious of equipment The explanation for this obvious
tricks. Watch constancy of supply discrepancy between airline expe—
v o l t a g e s , RFI , a n t e n n a  e f f e c t s ;  nience and our recordings may be the
and , you may have to examine soft— fact that Greenland remains sunlit 24
ware. For example , the reported hours per day between the middle of
simultaneous large dips on SNR curves Apri l  and the beginning of September.
for all received signals on two North Greenland has only short ni ght
At lan t i c  f l ights (reference 12) ; and , periods during an additional 2 months
the substantially lower SNR values of the year. So, during 6 months of
shown for several 11 1/3 kllz si gnals the year , this effect is not very
versus the 10.2 and 13.6 kHz values noticeable. Our Scandinavian
are highly suspicious. (My f i r s t  bet r e c o r d i n g s  were  t a k e n  in  - e a r l y
with respect to SNR dips would February and middle of October.
be supply—voltage variations when the -

pilot turned on additional equipment CONCL USION
or 400 Hz power-line signal inter-
ference. With respect to the 11 1/3 This has been a very profitable
kHz problem , the trouble could have m e e t i n g  and FAA s h o u l d  be con—
been a c a l i b r a t i o n  error. Other gratulated -for initiating the data
possibilities for SNR problems base collection . I propose t h a t
are noise  level  increases  due to another meeting should be organized
nearby thunderstorm activities.) soon , to di scuss the most e f f i c i en t
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and a f f o r d a b l e  ways and means for Omega navi ga t ion  sys tem appea l ing
a n a l y z i n g / e v a l u a t i n g  the data to the m a j o r i t y  of users of th i s
base for the benefi t of an improved navi gation aid.
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CONCEPT OF AN OMEGA DATA BANK

Joseph J. Scavullo
Chairman

There are numerous concepts of a A letter has been received from
data bank. Going beyond the general Cap ital Airways (Cap ital Air Sales)
concept and p lans already presented , which offers to participate . It
I make analogies to a money bank suggests ceveral paragraphs for its
in which the officers strive to agreement with NAFEC. One provision
increase deposits for o f f e r i n g  covers the estoppel against use of
generous interest. In this case, the the bank for fligh tcrew discipline.
FAA is motivated to organize and Another seek s assurance that the
operate a bank at NAFEC because recorders will not derogate the
of its requirements for engineering flight safety or performance of the
information. FAA does not (always) aircraft. Anonymity was also
seem to be a bank. But it is to be maintained. This raises a
accustomed to fiduciary respon— question how experience of the
sibilities . It conducts its business operators can be shared without
to increase flight safety and enhance violation of their anonymity ;
efficiency . clearly this matter will challenge

the imagination , resource fulness , and
The fuduciary analogy is especially integrity of the bank. We may not
importan t to this bank . Operators, misuse , embezzel , or waste our
p i lo ts , and manufacturers a l l  have a depositors assets. Yet we need to
stake in the bank. One operator had show appreciation in each account.
pointed out 2 years ago that pilots And much interest will be generated
would object to addition of a tape by the strength that inputs from
recorder which migh t be applied to numerous deposits of data alone can
surveillance of their performance or give. 

-

to disciplinary measures. We have no
interest in such applications. Some
FAA people have pointed out that Ouestion (Dr. Reder) Will the
unless recorders were placed in al l  bank make regular  repor ts  to the
aircraft , there would be no basis for IRS?
using our bank ’s few recorders for
disciplinary purposes. Airlines Response (Scavullo) It would be
have urged us to write agreements only just to requi re IRS to read
w i t h  p a r t i c i p a n t s  i n  w h i c h  a our Omega reports !
st ipu la t ion would prevent FAA from
using the f l i g ht records in any way
for discipline of flight crews. Thus, participants may expect us to

take our fi duciary responsibilities
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seriousl y. We may spend nearly 2 we will provide the salaries for six
m i l l i o n d o l l a r s  over the  next  few or seven members of my s t a f f , and
qears on long d i s t a nce na v i g a t i o n  secu r e much s u p p o r t  f r o m w i t h i n
p rojects and much of it will be spent NAFEC , we may find an operator which
on the hank. We have already cannot provide its own interface
invested much capital so we have an kits; we will try to finance one.
excellent set of assets with which to However, new money may be difficult
beg in operations. We will take in for us too. We hope that the
your data, manage it honorab ly for bank and its participants will share
your benefit , and that of the world’s the work and the expense as already
aviation community. Whereas , o u t l i n e d  for  everybody ’s benefit.
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ENGI NEERING REQU! REMENTS

~~~~~~~~~~~~~~ Robert Erikson
Federal Aviation Administration

BIOGRAPH Y require assi gnment of a person
onboard the aircraft soley to observe

Mr. Robert Erikson is currently and write down the facts. The
involved in engineering work related integrity of hand cop ied data is
to research, evaluation, and instal— always somewhat suspect and cannot
lation of airborne LORAN-C and Omega be di rectly processed by machine.
Navi gation Systems. His NAFEC caree r Data analys is  would be inef f ic ient
began in 197 1 as a member of the and the overa l l  i n t e g r i t y  of data
Student Cooperative Program and bank operations would become
continued fol lowing his graduation questionable. Thus , automation is
from Drexel University in 1973 with a regarded as essential to the expe-
Bachelor of Science in Electronic ditous collection and processing of
Engineering. His work on Omega Omega data.
projects has resulted in a Report
entitled Testing the Feasibility of Mechanization of a data collection
Di fferential Omega for Airborne Use. system could have been based on audio
He has also engineered the require- recorders , multitrack digital tape
ment for the Omega record ing  and recorders , data cartr idges , floppy
interfacing equipment to be used with disks, or digi tal cassette recorders.
t h i s  wo r l d—wide  Omega Data Bank.  Size , weight , power requirements, and

form factor precluded most of these
4 4 5* 4 4 4* 4 4 4 4* ** 4 * * * l * * *9 D l* * *1* f t *  data c o l l e c t i o n  methods . The

audio recorde r does not have the
An automatic recorder is essential required capaci ty ,  data rate is low
if we are to obtain in-flight Omega and vulnerable to errors due to
data record ings . Wi thout such a erratic speed changes caused by line
r eco rde r , i n f o r m a t i o n  w o u l d  be voltage to the recorder and/or line
avai lable only in l imi ted quanti t ies f r e q u e n c y .  The data cartridge
through courtesy of the fl ight crews . and digi tal cassette recorder can be
Systematic data c o ll e c t i o n  would packaged conveniently and has met all

of our requi rements to date.
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A portable recorder package (figure We have flown such a box with the
21) containing a tape—cassette deck same Raymond Engineering cassette
was developed at NAFEC and manu— transport in several FAA airplanes.
f a c t u r e d  by Raymond Eng ineering, The box is full. There is no room
Incorporated. We have carried it for the addition of any extra
aboard commercial a i r c r a f t , plugged circuitry for interfacing . However ,
i t  into the power l ine , and connected the ONS-20 functions well with the
three coaxial data lines to collect recorders. A special printout of the
data from the airborne Omega equip- data available from a sing le sample
ment. The method was convenient and is shown in table 8.
successful when connected fo r
recording b oth Litton and D ynell Most of the entries labeled in
equipment. eng ineering unit s are s e l f —

exp lanatory and easily examined.
Several di fficulties arose due to These labels include the following :
the portable nature of the equipment. date , time , present posit ion ,
Main ly ,  where do you store it when waypoints from and to, posi t ion at
not in use, and the poss ib i l i ty  that  w a y p o i n t  s w i t c h , true airspeed ,
s e c u r i t y  o f f i c i a l s  m i gh t  t h i n k  i t  g r o u n d  speed , w i n d  v e l o c i t y  and
contains a bomb , direction , desired track , track ,

magnetic heading, magnetic va r i a t ion ,
Knowing the format of a data stream distance to go, along—t rack distance ,
permitted us to organize the digital and crosstrack distance. “Station
si gnals in memory, record them in status in normal” means geometry is
a systematic method on the cassette, suitable for navigation using the
and process them b y machine after stations indicated. “Relaxed mode”
the flight. Printouts (table 7) indicates need for caution as the
were obtained giving in two con— system recognizes that the geometry
secutive l ines across the page , the i s  no t  t h e b e s t  w i t h  r espec t  to
date , Omega s t a t ion  useage, SNR ’s on the available stations. “Propagation
10.2 kHz , phase corrections computed status ” shows whether propagati on
internally, present latitude and conditions have been predicted which
l o n g i t u d e , and o ther  n a v i g a t i o n a l  could make si gna l s  from a s t a t i o n
data. Date and time of day for the u s e a b l e ;  t h o s e  a b s e n t  h a v e  been
sample were cited once for each set of deselected. The three Omega fre-
two lines. Sampling was at intervals quencies should indicate that the
of 1 minute  throughout the f l i ght. Omega set is using 10.2, 13.6 , and
Much less than one side of the 11.3 kllz for navigation. Different
cassette was enough tape to cover frequencies would be shown during
8 hours of sampling, a relaning procedure.

An ARINC three—quarter ATR short A warning word of 16 bits shows
box ( f i g u r e  22 )  wa s s e l e c t e d  t o  when an i n t e r n a l  f a i l u r e  has been
house the next data collection detected and which of 16 di fferent
system with a built-in cassette failure categories have been
recorder. This unit was manufactured recognized. Signal—to—noise data is
by Bendix  for  use w i t h  the Bendix  not shown d i r e c t l y .  The B e n d i x
ONS—20 Omega set , equipment works with signal quality
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numbers from 0 to 10, but SNR is  not the outputs from various Omega sets.
d i r e c t l y  r e c o r d e d .  P r o p a g a t i o n  We p r e f e r  to avoid , as much as
c o r r e c t i o n s  shown were ca l cu la ted  p o s si b l e, modi f y i n g  any mode l of
internal l y to the Omega set. Omega so as to sample the selected

- dig i ta l  data. We must not change the
SNR data shown in fi gur e 23 was basic purpose of the Omega navigation

— 
collected during a trip in the CV 880 set which is , of course, to navi gate.
fro m San Juan , Puerto Rico to
Bermuda. Signal quality values are There are di fferent schemes available
given from 0 to 10 as ordinates and to output digital data. All desired
time (C/IT) as the abscissa. The data may be incorporated in a single
curve is for signals from Norway. In line , or divided on two l ines , or on
the Bendix receiver , a signal quality three lines. The buffer space we
number of 0.5 represents a desi gn have requested will allow us to
threshold SNR of -20 dB. A value accept any of these schemes. ARINC
of 10 represents a SNR of #6 dB. Characteristic 580 makes no provision

for data output. Tracor Systems has
a data output board for its pro-

Question (Dr. Reder) Wh y is the duction equipment. Canadian Marconi
signal quality on 11.3 kHz low$r needs to make little or no hardware
than 10.2 kHz and 13.6 kHz? change to its memory board; onl y

s o f t w a r e  c h a n g e s  a r c  needed to
Response (Erikson) This was a deliver what we need at the CDU. The
quick dump of the data and is pre- Litton equipment is desi gned to
sented as an example of what may be produce useable output with no
recovered. I do not know why 11.3 Omega modi fications. The ARINC 599
kHz is worse than 10,2 kHz. We equipment will produce data at a
see, however , how the quality of standard output. A custom circuit
three frequencies from al l  station s b o a r d  w i l l  be r e q u i r e d  in  t h e
may be collected and reconstructed recorder for each of these system.
quickly by this method.

- A user area has been requested -

Wh at have we learned by such for four custom boards , 4 1/2 by
recordings that can help us spec ify a 4 1/2 inches. These may be printed—
recorder for the data bank ? We know circ uit boards or they may be
we need a recorder with flexibility, wire—wrapped. Data from the Omega
permanently installed in the air— set will enter the user area pass ing
craf t , automatically turned on and through some type of isolation and
off with the Omega sets , and record line receiver. If the recorde r
up to 24 hours of flig ht time so fails , or powe r goes off , the event
that cassettes need be changed only will not be reflected back to the
at a designated terminal. We should Omega. Control si gnals  from t h i s
standardize the recording forma t of user area include buffe r enable which
digital information on the tape. allows the buffe r unit to store
Digital signals are easily converted the data while clock and data are
from one arrangement to another by input. Once the buffe r enable
machine. If the data format on tape r e t u r n s  to the invalid st ate ,
is not consistent , much ef for t  must recording of the  b u f f e r e d  data on
go into hardware. We need space for tape is initiated.
interfacing and buffering th e
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We have provide d only for four sizes Participants need not emp loy  our
of data sample. Storage is organized recorder. Data may be recorded
to assemble 512, 1024, 1536 , or 2048 o t h e r w ay s  and d e l i v e r e d  to use on
bits. Shorter records will only use 9—track tape which is IBM compatible ,
p a r t  of t h i s  memory w h i l e  longer  or we can take your tape casse tte
records can be divided into two with data arranged in the standard
parts , but this standard simplifies format and transcribe it.
the playback services at NAFEL ’.
The transport is controlled entirel y The present playback unit encompasses
by the electronics supplied in the a casse t te  t r a n s p o r t , a c o n v e r t e r
recorder. from phase encoded si gnals to

nonreturn—to—zero with both data
What is on the tape? The tape and clock , a c y c l i c  r e d u n d a n c y
contains an American National Stan— checker which passes good data and
dard Ins i t i tu te  (ANSI) preamble of r e j e c t s  bad , s e r i a l - t o — p a r a l l e l
the “AA Hex ” code , cycl ic  redundancy converter , and control c ircuitry.
check , and the post-amble p lus The buffer unit and control circuits
inter—record gap. We write data only can convert a comp lete cassette to
on one track encoded as bip hase 9-track in about 20 minutes. If a
l e v e l  w h i l e  t h e  second  t r a c k  is  stream of 1,024 b i t s  per sample are
occupied by a signal for the cassette recorded once per minute , the tape
tape deck. To the operator and user , should run for an elapsed time of 24
this internal arrangement of the data hours. If more samp les or more b i t s
f o r m a t  a n d  b u f f e r  does n o t  me an  p e r  s a m p l e  a r e  r e c o r d e d , the
much. recording time of the cassette will

decrease since the tape has finite
The cassette loads throug h the capacity.
front panel of the 3/4 ATR box. An
initialize button sets up the tape. These were the sal ient eng ineering
Ho other operator action is  required r e q u i r e m e n t s  g i v e n  to Base Ten
unti l  the cassette has to be removed. S y s t e m s , Inc.  the m a n u f a c t u r e r

of the Airbo rne Interface And
Once the data has been recorded, how Recording Set shown in figure 24.
will it be recovered? The loaded (N o t e : See a p p e n d i x  B for
data cassette is processed through a Mr. Erikson ’s response to ques tions
converter which transfers the data from the conferees.)
onto a 9—track tape, ready for the
Honeywell ~~~‘ co.
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79— 165-21

FIGURE 21. PORTABLE RECORDER WITH MODEL 6 106/6406 TAPE DECK MANUFACTURED
BY RAY MOND ENGINEERI NG, INC.

..i_~

79-165—22

FIGURE 22. THREE-QUARTER ATR SHOR T RACK CONTAINING RA YMOND ENGINEERING ’S
INCREMENTAL CASSETTE RECORDER AND THE ASSOCIA TED CONTROL
ELECTRONICS MANUFACTURED BY BENDIX
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79—165-24

FIGURE 24. AIRBORNE INTERFACE AND RECORDING SET MANUFA CTURED BY BASE
TEN SYSTEMS , INC.
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A CASSETTE TAPE RECORDER FOR
AIRBORNE OMEGA DATA

~~~~~~~~~~~~~~~ John Pohlke
Base Ten Systems ,
Incorporated

BIOGRAPHY validity of our design with respect
to such f a c t o r s  of  t h e  a i r b o r n e

Mr. John Pohike is Engineering environment as shock and vibration ,
Manager for Base Ten Systems , temperatures , power sources , and the
Inc. His company is a small business like.
with considerable experience in
design and manufacture of both As Bob Erikson told you , the package
commercial and government products. is a standard 3/4 ATR box , short~
Hr. Pohike will describe the airborne it is 7.6 inches wide , 7.8 inches
recorder and interface equipment high , and 12.5 inches long. The
which has been bui l t  to satisf y the package contains an HFE 2508 dig i tal
engineerin,g requirements prepared by cassette tape recorder, two Lambda
Robert Erikson. power supplies , a control  card , a

m e m o r y  b u f f e r card , a n d  wired
#* ** * *4* * * * *4 0*~~~* 0* * *. 2*~~~* * 4 * *4 4 #* 4  positions for user interface cards.

The package is more or less totally
As a preclude to a general overvi ew dependent on these interface cards to
of the equi pment , let  me m e n t i o n  accomplish useful functions .
that the equipment was designed to
meet NA FEC engineering requirements The internal power supplies provide
(see appendix C, Technical Details) ÷12 and ÷5 volts. The latter suppl y
and it reflects much of what we at produc es 5 amperes of which 1.5
Base Ten Systems have learned over amperes are consume d by the tape
the years. For those who are not recorder and the control electronics
familiar with the company, you so that abut 3.5 amperes are avail-
should know that we have packa ged able for delivery to the interface
airborne instrumentation systems for cards. The ÷12 volt supply is not
about 12 years. More recently, we used internally b y us and w i l l
have manufactured other avi onics , deliver some 400 mils for delivery to
particularly in the weapons control the interface cards. The —12 volt
area . There are features in the supp l y contributes 125 mils to
recorder I’m s u r e  you are all the recorder system , leavi ng 272 mils
i n t e r e s t e d  in su ch -‘as the for the interface cards.
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Space for the interface cards are’ The unit has a bziffer memory card
l a id  out here to accep t four three - wi th capacity for 2,048 bits. The
layer , wire-wrapped interface cards. memory is internall y programmable
However , there is some extra space in chunks of 512 bits so there

L. and holes are provided in the printed are four increments to work with.
circuit mother—board for addition of Memory is a standard RAM , type 2 1L02 ,
three more mating connectors so that available frocs several manufacturers.
three additional cards positions can The device requires three inp ut
be established. If all the cards signals to get data onto the tape :
were printed and not wire—wrapped , buffer enable , clock , and data.
seve n cards could be installed.
Hating six connectors have 70 con- In operation , wh enever buffer  enabl e
t a c t s , 26 pins of which are bused is true (or hi gh) data will enter
across t~ the main interface con— buffer storage on positive edges of
nector at the back of the box. the input clock cycle. At such time

as memory has become ful l to  the
The device is rated for operation selected programmable capacity, or at
over the range from 00 to 55~ Centi— such time as you chose to record a
grade (C). To insure that no damage block of informa t ion  by dropping the
is done to the tape during exposure enable l i n e  through a f a l s e  zero
to temperatures outside that range, condition , the complete memory wi l l
two thermostats are in series wi th  fas t  f i l l  up w i t h  zeroes and then
the incoming power and do not allow write the data onto the tape. Firs t
the device to be turned on until the memory writes a 90—millisecond
operating range of t emperature has high gap onto the tape, then lay down
been achieved. Main power also a double A hexidecimal preamble , then
enters via a 2-ampere circuit breaker the complete block of data will be
part of the on—off switch at the dumped onto tape. A cyclical
front panel. redundancy check character will

follow the data dump and the writing
On the face of the box , there i-’ a will conclude wi th a double A hexi-
l i g ht button called Initialize , decimal postamble. Then the buffer
After a cassette has been loaded into begins to load again as directed for
the recorde r and power app l i e d , the next sa mple. During  the
operation of the initialize button initialize cycle , a 50 kHz clock
will operate the tape all the way writes all zeroes into the RAM to
to one and where it Will rest on a clear the memory of residuals.
port ion of the clear leader. A red
lamp at the left side of the panel The package weig hs 14.6 pounds .
indicates that the recorde r is on The tape in the cassette is 300 feet
clear leaders. The tape then long, of which some 282 feet are
reverses until magnetic tape is useable for recording. The tape has
positioned ready to take data. At capacity for recording about 2.88
t h a t  po in t , a green ligh t at the megabits. We are recording at about
r ight of the power switch indi cates 800 bits per i nch.
ready to take data. A green LED lamp
to the left of the power switch
indicates that the unit is powered Question (Carmel ) Does the recur*r
up. come wi th mounting trays?
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Response (Scavullo) NAFEC has prima r ily to 0 to •55 C , could
ordered 16 mounting trays for issue be revised to withstand -55 to
wi th  recorders i f  needed. Shock +125 C. The powe r supplies would
mounts are provided with the trays also need replacement to withstand
along wi th suitable cable connector t empera tu res  h igher  than +55 C.
ready for assembly. Power goes i m m e d i a t e l y  f rom the

on-off switch and circuit breaker
Corawnents (Pohlke) As long as shock to the thermostats.
and vibration do not exceed the NA FEC
specs, the unit will operate without Comment (Carmel) If temperatures
shock and vibration mounts. (Engi— around the avionics reach .55 C,
fleeting requirements referred to the there won ’t be anything to record
ARINC 580 characteristics and its because the Omegas will stop
subsidiary specification for functioning. How much heat does the
guidance.) unit dissipate into the aircraft ?

Response (Pohike) This device
Input power to the package can be normally takes about 1 ampere of
105 to 125V from 50 to 440 Hz a.c. current or less.

power. Shoul d the cover be removed,
a l l  access  to l i n e  p o t e n t i a l  i s  Qu e s t i o n  (Lan oue )  What t ype  of
guarded by covers or placement within power is provided in the recorder?
the package.

Response (Pohike) As I said earlier ,
there are three voltages available

Question (Scavullo) The Omega for the interface cards . One at
manufacturers have sealed their +5 volts can offer .3.5 amperes, a +12
boxes. This one is full of venti- volt supply furnishes 4DO milli-
lat ion holes. Can anyone suggest amperes, and the -12 volts supply can
what practical t emperatures we may del iver 275 mil l iairqieres. Assuming
have to experience? in te r face  cards are based on CMOS

technology, there should be more than
Response (Pohike) We have had adequate power available.
experience with the t4FE-2508 recorder
in U.S. Navy equipment. An instru— Question (Huhn) Did you run any
ment package was engineered for EMI tests into the aircraft ?
parachute drop into ocean water to
record sonar signals. It has to be Response (Pohike) No. The power

• retrieved and be operable. Extensive supplies are not switching suppl ies.
tests were conducted by the Navy NA FEC specifically excluded them as
against stringent specs. The possible sources of E141. The box was
recorder is also available to operate desi gned to good EMI practice.
to extended environmental limits , in
a range of -40 ’ to +70’C. Tape Comment (Scavullo) We are going
also is available to endure —40 to to have to assure all concerned that
+70 C. Our internal logic, although the recorder will not produce EMI
CMO S logic designed to withstand in the aircraft.
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MODI F I CATION Xii FOR DiGITAL DATA REcoIWI NG
FROM OMEGA NAVIGATION SET CMA— 7L10

Dr. Jean—Claude Lanoue
Canadian Marconi Company

BIOGRAPHY i n t e r f a c e , b u f f e r  s t o r a g e , and
cassette tape deck , all in a separate

Dr. Jean—Claude Lanoue is a project box , are accessed to the desired data
engineer for Canadian Marconi Company by tapping the RPU and CDII circui ts.
i n v o l v e d  i n  the development of
VLF navigation systems . He is The presentat ion described the
largely responsible for the develop- interconnection , the interface
ment of the software which has led to requirement , and sal i ent speci f i -
the success of the CMA-740 airborne cations for the Digital Data Source ,
receiver. Born in France , he Data Burst Coding, and Frame Coding.
graduated from Lyon in 1967, obtained Some of the parameters which change
a Ph.D. in electronics in 1970, and s low ly  were to be de l ivered at 60
worked on communication and data second sampling rates while some
aquisition systems at Notre Dame others were to be sampled every 10
Hospital in Montreal until 1972. seconds . Whi le most of the

organization was to be accomplished
* *#*~~~~** .~~** . . . .* *#* * * *.*~~..* * * * *#* *  in the CMA—740, the paper outlined a

compatible interface for the airborne
A method was described for supplying recorder system. Users wanting to
dig itized output data from the record from a standard CMA — 740
Canadian Marconi Company ’s Omega equipment could exhange a memory
Navigation Set , Mo del CHA—740. board for another having the new
By means of revised software in software. The exchange can be
the Receiver Processor Unit (RPU) , accomplished at a service center
data output from the main memory authorized by Canadian Marconi
board will be reorganized and aug- Company.
ment ed for  d e l i v e r y  on the same
two-wi re circuit connecting the Appendix C contains the revised
Rece iver Proces sor Uni t to the techn ical p ro p osal with a l l  the
Control Display Unit (CDII) . The details of the CIIA—740 modification

kit.
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DIGITAL DATA RECORDINGS FROM
TRACOR MODEL 599R OMEGA SETS

L
Terry Armstrong

Tracor , Incorporated

Mr . Terry Armstrong, Tracor , Inc., loading dual Omegas , two—wire
has undertaken to inform us about the binary output of ground speed or
method of providing FAA and other present position to an area-
customers with a means of digital navigation system. It will also give
data recording during test of the this data capability to a digital
Tracor Mode l 599R airborne Omega recorder.
receiver.

When this digital I/O card is
* *** l* * * * *# *I***~~~~* * * ** *l* * ** *l*~~ inserted into the RPU, it changes the

part number on the box. The box with
Tracor has signed an agreement the I/O card already in it is a TSO’d
with NAFEC for a digi tal input/output box. It is a standard option. Many
(I/O) board to be installed in corporate users already have this
the receiver processor unit. Also digital card in their RPU. They like
required is an interface board in the the 6—wire BCD “distance to go. ”
recorder. We also will supply a
software package for retrieval of the Transmission of the FSX si gnal to
data from the cassette tape. the recorder will be via a shielded

twisted pair. Transmission is always
The RPU has a software package at 10—second intervals. Sampling
already which puts out an Frequency rate will be determined at the
Shift Xeyed (FSK) signal to a interface card in the recorder.
recorder. In the past , we have used It can be counted down to one frame
voice recorders wi th little success per minute, one in two minutes, or
because the voice recorder was not a whatever.
reliable method. To modify the RPU
for digital data output, our standard I’d like to go over a few par ts of
optional I/O card is needed. Cus- the homework test we took yesterday.

• tomers which did not opt to have this I think we passed. In the handout
card installed at the factory will there was “Airborne Data from Omega
need to have a mod added before Data Bank ” and I was to check what we
connection to the recorder. expected to provide the Omega navi—

gator . We provide everything
The standard card does some other except Waypoint From and Waypo i nt To.
things. It outputs a 6—wire Binary This software package could be

• Coded Decimal (BCD ) distance to go changed, but we left it out as it did
for cross loading dual Omegas , remote not seem to be relevant.
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Our Omega does no t p ut out SNR Tracor is developing a VLF option
but instead we furnish a signal and we expect to output all the
quality code in numbers ranging from information about the VLF signals
0 to 999, the higher the better. when the option is available. The
They are only figured on the 10.2 and major point , though, is the sim-
13.6 kHz signals. We only display plicity of the modification to the
and output the lowest number. APU , i.e., merely drop p ing in a
If the 10.2 kHz signal has the lowest standard optional board , a TSO’d
signal quality, that ’s the number board. It just requires a shielded
that w i l l  be di spl ayed. It can be twisted pair running from the rear
translated into SNR, but we w i l l  not connector of the RPU , pins 42 and
be able to tell you which of the two 43, over to the recorder.
frequencies the quality number
pertains to.

Question (Scavullo) What would
We do put out the phase measurement happen to our purchase order i f we
for all three frequencies. asked for addition of waypoint s FROM

and TO?

Question (Carmel ) Isn ’t that (SNR) Response (Armstrong) I think we can
t’e primary requirement of the data get that information by tapping into
bank? the line between RPU and CDII.

Response (Arms trong) Well , they Question (Scavullo) The other
asked us to output certain things. problem that remains is at which
We proposed to do what could be done frequency is the quality low at any
without major modi fi cation to the given time?
box. We were subject to severe cost
restraints. Response (Armstrong) We are looking

at that but have no answer.
Comment (Scavullo) We have not
yet figured out the impact of that Corrinent (Scavullo) Thank you, Terry.
compromi se. We had only one alter— This morning ’s di scussion has been
native at the time of the order——tha t very sat is fy ing.  Al l  who may wish to
was to buy nothing! work with us or who can help us

organize and operate the data bank,
are invi ted to the clos ing business
session at 1:30 p.m.
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ESTABLISHMENT OF THE OMEGA
DATA BANK AT NAFEC

Joseph J. Scavullo
Chairman

Welcome to the business port ion As the first major investment ,
of our ineeting. The work done we have secured the engineering of
at NAFEC to adap t Omega and VLF the Omega data recorder , purchased 20
for air navigation has , ove r the 12 r e c o r d e r s , and w i t h  each have
years pr ior  to 1976, been at a low obtained 20 compatible cassettes .
key. Salaries of perhaps two tech- Data i dentity labels ( f igure 25) are
nical persons, on the average, have affixed to each of the cassettes .
been the major expense together with
nomina l  c o s t s  of i n s t a l l a t i o n  Cassettes are available on the
and fligh t test of borrowe d or market for about $8.50. . If we find

breadboard equipment. The total the cassette records worth keeping,
expense for Omega projects up to 1978 we will buy enough new cassettes
may have been one mi l l ion  dollars . in Fiscal Year 1979 so we may retain
Dur ing the years 1978-1979, there the raw data on them . If we can
w i l l  p r o b a b l y  be spent  another s t o r e  the data on 9—t rac k  tape ,
m i l l i o n  d o l l a r s .  Ma in tenance  we may r e c y c l e  c a s s e t te s  a f t e r
of the present team of up to 8 each t r ansc r i p t i on .  Records w i l l
persons, with all the things they can be retained in some form for at
do to consume material resources , least 2 years. The last operation of
has to constitute a major expenditure the bank may well be to run all data
for the advantage of the aviation in a final pass through the computer
industry, for overall statistical analyses.

Personnel resources directly asso- The Honeywell 66/60 computer came
d ated with the Bank at NAFEC at this on stream at NAFEC last spring.
time include: Dr. Rzonca, Physicist; Programs have been converted to it
Robert Erikson and Arthur Heavener , from f i les of the IBM machine it has
Electronics Engineers ; and Richard replaced. Processing c.f bulk data
Ohinan , A i r  T r a f f i c Con t ro l  Spe- for the bank should not become a

• cia l i s t .  Two journeyman El ectronics di f f i cu l ty .
Technicians , Leonard Psch i rer and
Thomas Wisser , who have flown flight Its been said by an advisor that

• inspection aircraft over much of the some airlines are unable to control
world, are also assigned. All are the s e c u r i t y  of t h e i r  a v i o n i c s
knowledgeable about the airborne equipment. Disappearance of equip-
operational environment. All believe ment in far away places makes
with me in the validity of this necessary the deployment of oper-
project. You in turn have much ational spares to overseas depots. I
knowledge and expertise upon which we cannot offer an unlimited supply of
hope to draw regarding the real world these r e c o r d e r s .  They cos t  our
as it exists during your airborne account some $5,000. each; that is
operations. what w i l l  be charged to me when I
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have signed a receipt  for one and Eventually, i.e expect some operators
l o s e  it. The r e c o r d  w i l l  show w i th  Omega data w i l l  o f fe r it to
the value of equipment when it is us, but will not use our digital
turned over to the par ticipant. Our recorder. As long as we can process
contracting officer will know how the data , it will be w e l c o m e .
to .,provide in an agreement for Records on IBM—compatible , 7—or
liabilities. It appears likely that 9—track tape will be acceptable. We
the reasonable care required of the also seek cockpit scratch—pad notes
participat ing operator will not to accompany the tapes. Any event
exceed the care normally taken noted by a pilot can have enormous
to safeguard the avionics equipment value if the time of occurrence and
already installed in the aircraft. data correlate with the di gital

records.
Airlines and other operators may
soon be able to buy Omega sets with Operations throughout the world’ s
provisions for digital readout of the airspace are possible in many air-
data we want. NAFEC has ordered the craft over which FM , at some point,
design and provision of modification has jurisdiction. Our regulatory
kits from Canadian Marconi and Tracor duties are the underlying basis
and expects the same from at least of this technical data bank. We need
Bendix and Norden Systems. NAFEC is to know how the Omega propagati on
not acqua in ted  w i th  the d e s i g n  affects navigation over world routes
details either of the hardware or the of commercial and industrial interest
software in the OHS equipment. N~ under “normal ” (natural ) operating
wi l l  not break the seals. Therefore , conditions.
the kits will have to be installed
by whoever has been qualified by the Our first customer is Cap ital Inter-
OHS manufacturer. Thus, the warranty national Airways with which we have
will not be compromised. Operators an agreement covering three recorders
who order the digital readout tied to Tracor equipment. (Appendix
option with original equipment , E delineates the format and scope of
may not have to pay extra for it if the interorganization participation
NAFEC has already covered the non— agreement.) Other airlines with
recurring costs, overseas routes will enter the

bank later. Foreign carriers perhaps
Mr. Pohlke ’s equipment, which con- can cover parts of the world where
tains only two parts that move U.S. carriers do not operate.
mechanically, should last more than 2 Charter aircraft , wi th more route
years. The tape deck is said to di versity, will produce data of
operate an average of 15,000 hours different value than those flying
between failures. Along with the the same routes many times. If we
recorder , we will supply a mounting get 16 installations in active
tray, multipin cable connector, and a aircraft , it is likely that one or
starting quantity of 20 compatible two will be aloft at all times. Its
tape cassettes. We will try to a small number of recorders , but
secure additional cassettes, hoping probably as many as are reasonable at
to receive back one each week for up this point in the program.
to 2 years.
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Information of most value may be even during the upcoming peak
that recorded in reg ions of weak in solar activi ty, the effort will
signals or environmental inter— have been worthwhile in establishing
ference. The data shown by Dr. that neither the government , the
Rzonca included a plot on which the operators , nor the manufacturers
decaying signal—to—noise ratio curve failed to take reasonable precautions
matched very well the laws apply ing to assure that Omega navigation is as
to the change of energy density safe as it should be.
with radius from the transmitter.
Trinidad signals , at 1000 watts ,
evidently behaved as they should. Question (Carmel) Continental
Eventually, we may learn to attenuate Can may already have learned what is
signals so that our SNR records will needs to know about Omega , but it
be interpretable in terms of would agree to help FAA if asked.
unsaturated signal levels. What distribution will be made of the

20 recorders? Will it take so long
While the data bank is being we may lose interest?
organized to help FAA carry out part
of its mission , that is to help Response (Scavullo) NAFEC needs
industry navi gate with safety and two recorders for its own projects ,
e f f iciency, there are a number of a laboratory mode l for test of
advantages also to manufacturers and changes or redesign , and a fourth as
operators. We expect to provide a a spare to keep the others backed up.
quick turnaround once a cassette Of the remaining 16, two to four
is received. Of course , processing would be allocated to corporate
will have to be worked out. But aircraft , six to eigh t for scheduled
then, a printout , or a special tape carrier aircraft , and six to non—
will be made available to the par— schedule aircraft. Of cour~ e, we
ticipant for study by its vendor, will encourage participation , so that
The reports we publish will contain pattern may vary. Our agreements
mostly propagation—oriented records will allow either party to dis-
so that privacy is maintained. Some continue by mutual understanding. If
vendors may never be able to perfect the program succeeds, we will know we
software without these records . did not buy enough recorders ; if the
There is no objection to recording program fails , we will quietly remove
more data (in company code if the recorders and take a low profile.
need be) once the basic data FAA It is entirely possible that

• - needs has been taken. From time to experience with the recorders will
time the recorders may also be used lead to demand for more of. them.
for multiple systems such as two of We probably would refer inquiries to
the same Omega sets, and an inertial the manufacturer, Base - Ten Systems ,
navigator , several different Omega Inc.
sets , or other digital systems ,
provided sampling rates and some of Comment (Fretwell) Airline Pilots
the information content is useful in Association (ALPA) would have no
the bank. objection to the taking of Omega

data , but would like agreements
In the long run , assuming all the to state that fl igh t safety will
recordings show that only trivial not be less by doing so and that
problems are encountered with Omega , the recorded data will not be used

by FAA for disciplinary purposes.
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Response (Scavullo) Our agreement the recorder is not part of the
with Capital has such provisions aircraft system. There are bul let ins
and so will the others. which cover the fact that the unit is

to be fastened to the aircraft. A
Question (Ca rmel) Will the National letter by NAFEC, covering what has
Transportation Safety Board (NTSB) been done , that its a “one time ’
have access through court orders , installation , should satisfy the -

etc.? loca l inspector .  The a i r l i n e  may
want an STC backed up by extensive

Response (Scavullo) FAA may not testing. If we go to the trouble of
speak fo r  the c o u r t s  i n  m a t t e r s  an STC, perhaps it will be applicable
such as civil litigation. Our to all the recorder installations.
agreement will only go as far
as the law provides. The local inspector may be satisfied

wi th a simple , functional flight
Question (Carmel) Have there been test in which he will look mostly for
any provisions for approval of the obvious. Airlines have working
the recorder instal lation? relationships wi th local air carrier

d is t r ic t  off ices under which more or
Response (Scavullo) Base Ten less reliance is placed on the
Systems, Inc. has not been required engineering and procedures in
to perform a complete environmental practice at the site. In any case,
check. NAFEC intends to make an it is important to keep FAA
(MI check. NAFEC cannot approve inspectors info rmed even thoug h
the installation-—an inspector the operator does the work.
must do it.

Discussion (Various) The key to Comment (Scavullo) Of course ,
getting approval is to have manu- i.e would need production Omega with
facturers provide test documentation the digital output mods to do tests
to f a c i l i t a t e  c e r t i f i c a t i o n  of in NAFEC aircraft; we don ’t own
the Omega box. No TSO is required such equipment. Perhaps the manu-
for approval of the i n s t a l l a t i o n. facturers w i l l  help us with sui table
But aftir the digi tal output mod has documentation.
been i n t r o d u c e d , Omega r e c e i v e r
manufacturers should declare the Comment (Gibbs) Approvals seem to
original TSO not violated or be a s t r a i g h t f o r wa r d  mat te r , an
derogated by the mod , present eng ineering change procedure is
a manual or other description, some available. No problem is seen for
test data , and the test method. the Omega receiver manufacturer. The

Omega manufacturer is not responsible
The main points to cover in docu— for the recorder.
mentation are freedom from hazard to
the a i rcraf t  and interference to the Response (Scavul.lo) We can arrange
Omega set or other a i rcraf t  sys tems. loan of a reco rde r  to the Omega
It wou ld  be ve ry  easy  if NAFEC manufacturer for t r ia ls  in the plant
supplied the recorder with a letter along with the data-output mod. Bob
stating it had been tested by the Erikson will test the recorde r at
manufacturer to R TCA-OO-138. The NAFEC.
local inspector will recognize that
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Question (Lanoue) Who will provide Depending on the Region ’s position
the interface cards for the recorder? on the modi fication, Region may send

a letter of acknowledgeent, may just
Response (Scavullo) If we only file the notice , or may make in-
need one , Erikson will design and quiries but the exchange should be
build it. If we need several , we a routine matter. Vendors must make
probably would have Base Ten or some sure they have on file a letter
other manufacturer do them. Pro- notifying FAA that the minor mod has
spective users of the recorder may been made to the TSO.
consider how they want to participa te
and may have special interfacing You should study aspect of open ,
done in the recorder so they can shorts , shorts to power/isola tion in
collect data other than what FAA event of malfunction in recorder or
would need. We will not exchange its supply. Isolation of the
funds with participants. recorder from the Omega is important

to approval. ...should suffice.
A sample of the first agreement
with Capital is available. Under it,
FAA provides the recorder, mod kit , Comment (Carmel) It would help if
and cassettes. The vendor installs there were a sticker on the face
mod kits and reseals the Omega for of the recorder showing it is NAFEC
its customer , the operator. NA FEC property and that it was designed
receives cassettes, processes data, to NAFEC/FAA speci fications.
furnishes printouts , and reports. No
cost to either party is reflected. Comment (Unidentified) Don ’t put
The operator will install the equip— the recorder on the same power—line
ment , supp l y the loaded cassettes bus as the Omega. It would be
regularl y, and remove and return the better to have the recorder continue
recorder and interface when it leaves to record so a discontinuance of the
the bank , or otherwise di spose of Omega would not be classified erro—
things as agreed by the FAA. neously as a failure of the recorder

in your reliability data.

Comment (Huhn) The recorder box Comment (Carmel) I recommend a data
only needs to meet the specs to which column for atmospheric noise and
it was designed , as long as it lightning strike counts. Partici-
performs its intended functions pation by Omega users will be
without interfering with flig ht and encouraged by abili ty to get a
landing of aircraft , there is no printout when it is called for. I
problem. strong ly encourage taking all the

available data on the cassette even
Manufacturers should send letters if some is thrown out during proc-
to FAA offices from which TSO is cessing on the ground. When the
obtained. Notify that the mod kit , a operator couples Omega to the auto—
minor modi fication, had been made to pilot , cross-track errors will
the Omega set, and that it did not become very important.
change the TSO status of the modi fied
box.
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Concluding Remarks ference. Reply will be throug h
appropriate channels. FAA elements

Your presence has been a very have been most help ful. Corre-
substantial consideration , your spondence would be most we lcome.
attention during the 2-day con- Please express any interest of your
ference , your travel time and airline or business when you contact
investment. We at NAFEC feel Omega vendors; that should encourage
obli.ged to car ry  o f f  the program the flow of information. We will get
in the best way possible. Those with out proceedings as soon as possible.
interest in participation please send Many thanks for your help ful
a letter in response to this con- participation.
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PROPERTY OF U.S. GOVERNMENT—RETURN TO—
OMEGA DATA BANK. ANA-330 F.A.A,N.A.F.E.C.

ATLANTIC CITY 08406

SIDE B
DO NOT
RECORD

THIS SIDE
DATE INSTALLED DATE MAI LEO AIRCRAFT No.

DATE REMOVED FROM OMEGA TYPE

79-165—25

FIGURE 25. CASSETTE DA TA IDENTITY LABEL
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FIGURE 26. BUSINESS SESSION , WORLD-WIDE OMEGA DA TA BANK CONFERENC E,
MR. JOSEPH J. SCA VULLO , CHAIRMAN
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A set of parameters, which charac— grap hs of sequential sampling of
terize the operat ion of the airborne lateral deviations from track for
Omega navigator in the Omega signal each unit.
propagation environment, is defined.
The parameters include lateral After data has been collected for
deviations measured by the Omega approximately 2 years to provide
navi gator (assumed due to sudden a sufficient data base, correlations
phase anomalies), dips in the signal of Omega navigator lateral deviations
to noise ratio, occurrence of dead- and/or signal -to—noise ratio dips
reckoning mode operation , and with solar activi ty indicators (X-ray
synchronization loss. These param— flux , proton flux, magnetic indices,
eters are expressed as percentages mean sunspot number) will be made.
so that values from di fferent Omega In addition, a study will be made of
units and/or from different geo- the shapes .of the probability distri-
graphic locations may be combined, but ions for lateral deviations under

various operational conditions.
A Mercator projection map of the
world is divided in 10 latitude by Outlined on pages A—2 through A-3
1O~ longitude cells. To identify any are proposed contents of reports from
Omega coverage prob lems , data is the Omega Data Bank to be distributed
combined from all units whose fl ight to participants. Pages A—3 through
paths traverse a gi ven cell during A—4 are definitions of parameters
one month. To identify particular referred to in the proposed reports.
units which mi ght operate less
efficientl y ,  data is combined Tables A—i and A—2 are questionnaires
from all cells for a given unit, to be filled out by the conference
To observe effects on airborne attendees. The questionnaires, when
navigators due to seasonal and completed, will provide feedback to
diurnal variations in the Omega NAFEC as to what type of information
signal environment , data is combined is required by participants in the
from all cells each month and also data bank.
sorted according to solar zenith
angle. Individual Flight Reports to be Sent

to Each Participant
Occurrences of lateral deviations
greater than 6.3 nmi , as indicated I—i. Printout of parameters (P0,
by the Omega navigator , will be LD , SN, SD , OR , SY , XT) computed
correlated with USCG ground monitor from all data points during flight.
phase-anomaly events. Occurrences of
dips larger than 20 dB in the signal 1—2. If values of any of the param-
to noise ratio will be correlated eters exceed 25 within any given
with increases in atmospheric radio cell, the following will be printed:
noise and with Omega transmitter cell no., parameter value , data,
outages or power reductions. GMT , lat/long, value of each data

point contributing to parameter.
Accuracies will be evaluated by
using gateway radar fixes to produce 1-3. Mean and standard deviat ion

of LDO values and of CDI readings.
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Quarterly Reports 10.2 kHz , for each unit , for all
data points contributin g to SD ,

R— 1. Omega sys tem c h a r a c t e r i s t i c s  p r i n t o u t  of u n i t  number , c e l l
overal l .  Using combined data from number , date, Ti, Z, AS/N , durat ion

L.. - all units and all cells , for each of t~S/N , NA , LC , L~I LC.month , printout of the parameters
PU, LD , SN (eigh t stations , three R—8. Correlation of L~S/N with
frequencies), SD, OR, SY , Xl. transm itter outages or power

reductions. For each unit , for
R—2. Unit characteristics. For all data points contributing to
each month , for each unit, combining SO , printout of unit number , cell
data from all cells , printout of number, date, 13, duration of~~ S/N ,
parameter values. CMT and duration of transmitter

outage or reduction in power.
R-3. Unit and geographic charac-
teristics. For each month, if data Additional Information to be
from a particular unit produces Included in Final Report
parameter values ?~25 within a given
cell , printout of unit number , F—i. For each unit, for each gateway
cell number , and parameter value, location, graph of Weibull distri-

butions of RE for the following
R-4. Sequential Sampling of Lateral ranges of 1: ( 1) O �Z<45 ~, (2)  45
D e v i a t i o n s .  The a b s o l u t e  v a l u e  �Z<9O , (3)  Z ~~9O’ .
of LDR, cumulative over each flight
with a particular unit, is plotted F-2. For each unit , calculate
versus the number of data points , mean LDO from all flights combined.
cumulative , for each unit; each Graph Weibull distributions of LDO
quarter , a continuation of the graph using: (1) points with LDO > mean,
for each unit will be presented. (2) points with LDO < mean.

R—5. C o r r e l a t i o n  o f  l a t e r a l  F-3. For each Omega station , for
d e v i a t i o n s  �6.3 nmi with ground 10.2 kHz , for each unit , for all
mon i t o r  Omega-phase da ta .  For points contributing to SD , graph
each unit , for all points con- I~ S/N versus A L C ;  fo r  each
tributing to PU , printout of unit lightning counter location used in
number , cell number, data, GMT , 1, obtaining LC values, plot NA and LCM .
LDO, A øi,  áfl2, and print f lag = 1 versus month.
if PCA is underway.

F—4. For each unit, from all cells
R-6. E f f e c t  of PCA ’s on accuracy . combined, ~or points contributing toFor each unit , for LDR time- UI which -e time—correlated to ~~~Ø
correlated wi th PCA event , graph of caused by i n c r e a s e d  X - r a y  f l u x ,
LDR versus / ~ O 1( M) , / ~02 (M)  where graph maximum value of LOU occurring
AO n (M) = largest change in

~~~Pn within ~~~ time period versus HR.
measured dur ing  f l i ght at time of
PCA. F— 5. For  each u n i t , fo r  p o l a r

regions , for1~O associated with
R-7. Correlation of LX S/N with p ro ton flux , grap h maximum LOU
increased atmospheric radio noise. occurring duringt~0 time period
For each Omega station , for v e r u s p r o t o n  f 1 u x f o r

A-2 
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(1) proton energy >10 Hey , (2) Cell Number — Number assi gned to
proton energy > 100 Hey . a p articular 10 latitude by 10.

longitude region on a Mercator
F—6. For each unit , for polar projection map of the world.
reg ions , for all points contrib-
uting to LO , graph LOU versus AE . Standard LOP ’s - As a standard

measure for comparison of data
F-i. For each unit , fot equatorial from various Omega navi gators
regions , for all points contributing and from the 115CC ground monitors ,
to LD , graph LOU versus equatorial two LOP ’s are formed with respect
magnetic indi ces, to those three stat ions whose

received S/N values are greates t
F—8. For each tn,it , for LOU and/or in the Omega navigator. However ,
/~S/N correlated with loca l sharp if the COOP > 3 nmi and/or the
increases in magnetic activity, LOP crossing ang le , 9, satisfies
graph LOU versus L~magnetic activity the relation 9 <30’ or 9>150 ,
and L~S/N versus L~ magnetic activity, then the next lower S/N value is

- chosen for the third station and
F-9. For LOU � 3 nmi: To evaluate COOP and 9 are checked.
the usefulness of PROPHE T as a solar
flare SPA and PCA event early 9,, - Change in 10.2 kHz p hase
warning system, calculate phase dif difference for “standard LOPn ”
ference correct ions for 10.2 kHz for measured at nearest ground monitor.
each LOP affected by flare activity
by using : (1) PROPHET computer pro- S/N - Si gnal to noise ratio.
gram, (2) current USCC Omega model
computer program. Graph these two LDO - Lateral deviation from desired
calculated phase corrections and track as measured by Omega.
the Omega navigator phase correct ion
versus LDO. LOR — Lateral deviat ion from desired

track as measured by ATC radar.
F- lU. For each unit , for values of
LDO � 6.3 nmi and Z ~ 45 , from all RE - Radial error = Omega position
cells combined , calculate mean value fix——A TC radar fix.
of these LOU each month = LZ.
Graph: (1) Li versus month, (2) mean PU - Percent of data points with
sunspot number versus month. LDO � 6.3 nmi.

Definitions LD - Percent of data points with
LD U� Jnmi.

Unit - Particular combination of
type of aircraft , Omega navigator , SN — Percent of data points with
antenna, and location. S/N < R(1/2), where R(1/2) = one

half the mean value of S/N measured
Identification Code - A four digit during a given flight.
code assigned to each unit , each
digit representing a generalized SO — Percent of data points for
classification rather than a par— which S/N dipped by ~~2O dB.
ticular mode l or manufacturer
(see Classifications). OR — Percent of data points for

which dead-reckoning mode was in
operation.

A-S

_ _ _ _ _ _  — -,-- -- --- --- 

__  —

~~~~~

__ _ _



SY — Percent of data points for which NA - West inghouse Georesearch Lab
synchronization loss occurred (WCL) monthly atmospheric noise
(includes all data points until prediction for specified geographic
station synchronization is regained), location.

XT - Percent of data points for Classification Used in Identification
which Omega CDI reads ~~3 nmi. Code

2 - S o 1 a r z e n i t h a n g 1 e. A. Aircraft are classified according
to ATC aircraft approach categories:

8, C - Constants used in the Weibull
distribution. 1. Category A - Speed less than

91 kno ts ;  we i ght l e s s  than 30 ,001
AE - Auroral electrojet indices. pounds.

COOP - Geometrical dilution of pre - 2. Category B - Speed 91 knots to

cision for stations used for navi — 121 knots; - weight 30,002 to 60,000
gat ion , using Omega l a t/ l ong  for pounds .
position; normalized to an ideal
geometry 1-mile system. 3. Category C - Speed 121 knots

to 141 knots; weight 60,001 to 15,000
HR - Hardness ratio = (flux of 0.5 pounds.
to 3A X—rays)/ (flux of 1 to 8A’
X—rays ) .  4. Category 0 — Speed 141 knots

to 166 knots; wei ght 150 ,001 or
L~S/N 

— D ip  i n  s i gnal to no i s e  more.
rat io.

5. Category E - Speed 166 knots
Ti - CMI when A S/ N � 20 d8 begins, or more; any weight.

T2 - CMT when t~S/N � 20 dB ends. B. Omega navigators are classified
as:

13 - GMT when maximum value of A S/N
~ 20 dB occurs. 1. Single frequency

2. Composite
LC - Lightning discharge count (5 3. Difference frequency
minute or hourly) from National 4. Rho-Rho
Weather Records Center (NWRC) use 5, Omega! VLF
values of LC from counter nearest
to aircraft location when data is C. Antennas are classified as:
recorded.

1. H—field
L~LC 

- Change in LC wh ich occurs 2, E-field
during time that L~ S/N � 20 dB;
ALC = (1/2) (LC (T1) + LC (T2)J - D. Omega antenna locations on
LC(T3); if only hourly values are aircra ft are classified as:
available for LC , divide by 12 to
obta in est imated 5—minute value. 1. Bottom aft , in n e g a t i v e

pressure area
L C M  - Sum of LC at g i v e n
location in one month. 2. Bottom forward
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3. lop aft 5. T o p ,  at or j u s t  a f t  o f
4. lop forward C.C. and close to electrical center

it
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TABLE A-i. OMEGA TOPICS RA TING CHART

VALUE OF EACH OF THE REPORT TOPICS

CODE: 1 = Very Useful
2 = Of Limi ted Use
3 = Of Interest , But Not Usefu l
4 = Of No Interest

Assign one of the code numbers to each report topic below.

I—i.
_ _ _ _ _ _  

F—i.
_ _ _ _ _ _

1-2.
_ _ _ _ _ _  

F-2 .
_ _ _ _ _ _

I—S .
_ _ _ _ _ _  

F—S .
_ _ _ _ _ _

R-i.
_ _ _ _ _  

F-4._____

R—2 .
_ _ _ _ _ _  

F—S.
_ _ _ _ _ _

R—3 .
_ _ _ _ _ _  

F—6.
_ _ _ _ _ _

R-4.______ F-i.______

R-5.
_ _ _ _ _ _  

F-8.

R-6.
_ _ _ _ _ _  

F-9.
_ _ _ _ _ _

R-7.
_ _ _ _ _ _  

F-b .
_ _ _ _ _

R-8.
_ _ _ _ _ _
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TABLE A-2 . AIRBORNE DA TA FOR OMEGA DA TA BANK

Check data that you expect to provide from your Omega navigator to the recorder
interface

______ 
Date: Julian or Calendar 

_____

______ 
Time of Day; GIlT

True Airspeed: Knots

______ 
Magnetic Heading: Degrees

______ 
Waypoint From : Lat/Long

______ 
Waypoint To: Lat/Long

______ 
Time To Waypoint: l4in/ Sec

______ 
Des ired Track Angle: Deg/Min

______ 
Omega Track Angle: Deg/Mi n

______ 
Omega Along Track Er ror :  NM

______ 
Omega Cross Track Error : NM

______ 
Omega Dr i f t  Angle: Deg/Min

______ 
Omega Present Position: Lat/Long

______ 
Omega Signal-To-Noise Ratio: All Frequencies : DB 

— 
All Stations : DB

______ 
Omega Stations Recei ved/Deselected

______ 
Dead Reckoning Mode Indication

______ 
Omega Wind Direction : Deg/Min

______ 
Omega Wind Speed: Knots

Omega Ground Speed: Knots

______ 
Lines Of Position

______ 
Phase Corrections : CEC

• ______ 
Internal Status/Warning Signals

Reference Position (if Available)

A-7
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COMMENTS

Use this page to make any coements on the proposed data presentation.
Include any suggested changes to report topics or any additional information
that would be useful to your organization.

S -
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APPENDIX 8

OUESIIONS, RESPONSE, AND COMMENT FOLLOWING PRESENTA TION

GIVEN BY ROBERT ERIK SON

I~



Question (Unidentified) What infor- Question (Carmel) Are you formatted
mation is available through the to look at two or more systems
“Propagation Status” information in installed on the same aircraft?
the sample record you displayed
earlier ? Response (Erikson) Within the

limits of space available for cards
Response (Erikson) Stations are and capacity of the cassette, we can
automatically deselected based upon arrange to interface the recorder to
the manufacturer ’s implementation more than one system.
reflecting its ideas as to oper-
ational problem areas due to pro— Question (Carmel) Suppose two
jected propagation disturbances. The Bendix ONS-2O and one INS are on
Omega stations selected for possible board, and you wish to examine the
navigation are listed on the print- total navi gation status of the
out. Subsequently, the received equi pment , will there be enoug h
signal has to meet the si gnal—to— space?
noise criteria. A bad station ,
already deselected, would not affect Response (Erikson) We planned to
us. make such an arrangement possible ,

but the specific design has to fit
Question (Unintelligible) the space available.

Response (Erikson) The recorde r Question (Carmel) Have you any
will operate automatically when the provisio n for marking events of
Omega set provides output. A par- special interest?
ticular manufacturer may arrange only
to deliver data at the point when Response (Erikson) The recorder
the aircraft takes off , thus the has no special provision . However ,
recorder would not use up tape if event making is possible through
excessively while on the ramp . the Omega controls , the recorder

may accep t the mark. The ONS-2O
Question (Gibbs) On the final allows us to flag an event (in
stage, do you intend to marry in the some sets , pushing the hold button
U.S. Coast Guard’ s status of the generates an asterisk , etc.)
Omega stations?

Question (Carmel) I am looking
Response (Erikson ) What has been for a single dedicated button to
described here is only the recordings mark the time of an event to be
from an airborne Omega set. But , correlated later with written notes.
yes, there will be the ONSOD status
merged into the program. Response (Erikson) The problem

is that another switch added to the
Qu e s t i o n  ( G i b b s )  The r e c o r d e r  cockpit woul d entail more w i r ing .  A
will be rack mounted. Will it separate board could be applied to
require any cooling ? generate a mark (not every one would

do that). The connector to the
Response (Erikson) I would turn outside world has 26 pins of which up
that question over to Hr. John Pohlke to 9 per Omega will be needed

• of Base Ten Systems , Inc. for signals and 3 will be needed
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for power to the recorder leaving packing density, bits per sample, and
s e v e r a l  p i n s  for such an interrecord gap. (With a 1,024-bit
instal lat ion, record length, the nominal 300-foot

(282 feet ) tape length woul d accom-
Question (Carmel) Is there any modate 1,660 samples.)
tape status flag to note the event
that tape has run out during flight, Question (Armstrong) If the recorder
warning light , warning horn, etc.? is connected to two Omegas and an

INS , will there be a correlation
Response (Erikson) We have tried problem in the absence of an INS
to keep the recorde r automatic clock ?
and simple. The warning ligh t is on
the face of the recorder. We have Response (Erikson) Only position
to live with some tape loss, data are taken from an INS. The

position data from the ONS is frozen
Question (Scavullo) Bob , could in memory until the message is
you answer differentl y in terms written. The di fference in time
of selecting sampling rates? How should be only parts of seconds .
about electing to record fewer But, all records will be on the same
readings per mile wi th more hours of tape in the sequence as planned.
recording?

Question (Unidentified) Has the
Response (Erikson) A simp le switch recorder been tested to be sure it
i ns  ~de can change the f r e q u e n c y  does not induce a complete fa i lure in
of samp ling. If the rate is changed the Omega?
to once every 2 minutes, the aircraft
may traverse more than one lane Response (Er i kson) We just  recei ved
between samples , but fl igh t time 

~Jhe first equipment 2 days ago.
can be twice as long before the It has not yet been tested by us.
tape cassette is changed. (There The power line to the recorde r is
is considerable flexibility in separate. The Omega manufacturers
the recorder.) We are trying to will help us protect the Omega sets.
standardize the records so as to Canadian Marconi uses on opto-
avoid hardware changes at playback . isolator to provide some 3 ,000
Program changes are relatively volts isolation between oytput and
simple. input. Either can be shorted and the

other not affected.
Question (Kennedy ) What can you
say of the capacity of the tapes? Question (Diederich ) I am a bit

disturbed about the arbitrary switch
Response (Erikson) We are only you ’ve got to change data rates.
recording on one side of the Yesterday, Dr. Rzonca invited us to
cassette. We selected a tape trans- provide feed6ack. Just because the
port which needs the other track for fli ght A s longer , we should not
precise control. We were willing to change data rates. Surely data rates
take out a cassette and replace it as can be determined by the amount of

• the manpower was the same if we had information available or needed.
merely reversed the cassette. Suppose we try to find out not only
The message capacity of that side is what the level of SNR is, but what
calculable from lengths of tape , SNR is adequate to navigate with and
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what percentage of the time it Omega set relative to a particular
is required to exceed a given level point of time during the flight. The
in order to support navigation? That data stream may refresh buffer memory
is debatable. The question cannot be in the recorde r continuously, but
answered in one go. We will need to only at the designated sampling rates
know what percentage of the time the does the recorder freeze the memory
required SNR is actually available, after which memory is discharged onto

the tape for a record tagged by time
Answe r (Erikson) When I speak of of day as frozen.
format, I am considering the total
number of bits to be processed in a Question (Diederich) But sometimes
message. Unless we standardize the there will not be information worth
block size , each manufacturer recording. To save space on the
may decide on delivering a different tape, could (the system) be organized
number of bits and the playback to not record when the information
hardware may have to be changed for does not warrant a record? (This
every di fferent Omega configuration. would possibly increase the flight
The selection of message increments time per cassette and reduöe the
of 512 bits was intended to save effort of post—fl ight processing.)
recording space on the tape. We -

will not always need to record a Response (Erikson) What sort of
complete message. Writing all the microprocessor or logic is available
bits up to the (512 or 1,024 etc.) to detect abnormalities? The
block size selected may suffice; recording we now propose is straight-
subsequent bits can be zeroed out, forward and feasible. We do not know
If every bit were to be captured , how to select only meaningful
the switching requirements in the in formation for the record and
circuitry would be overwhelming. The reject all other. We must not add
recording rate will be selectable extensively, either to the Omega set,
from a sample—message —per—minute to the recorder , cost , weight , or
once—per—hc.’ur in convenient incre— complexity. And we must not postpone
ments. Most Omega sets can support the work much longer. Even if our
a rate of once per minute. Faster sampling rate were to limit recording
rates seem to be excessive and rates to 8 hours of fl igh t, that would
as slow as once in 15 minutes over— suffice for many oceanic routes .
look too many miles of airspace. It Thus, the worst case might require a
appears that a data record rate change of cassette at both terminals.
should be between 1 per minute But, once the data has been recorded,

• and 1 in 5 minutes. we can cope with it in our
facilities.

Comment (Scavullo) Let us not
confuse data rates, sampling rates, Manufacturers of Omega sets have made
and other rates. Some Omega equip- the 2 ,048 b-i t maximum seem very
ment updates every 10 seconds and reasonable. The Oynell Mark VII
could delive r all its information equi pment has furnished all its
more often than one set per minute. data in 900 bits per samp le. The
We are here talking about the fre- Litton ONS-2O 1 equipment furnished
quency of recording on tape , a all data, including propagation data
complete message or set of all and navigation data , in about
digi tal data available wi thin an 1,000 bits .
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Question (Scavullo) Last evening, you ~ ii do the Nation a lot of
Mr. Diederich asked what benefi t good.
we might gain by recording along
track, crosstrack, and other data of Response (Scavullo) Omega sets
the navigation set. Would you answer do not contain altitude data. We
that question at this time? don ’t know how to inject it. We

only can look to fl igh t plans or
Response (Erikson ) If there are operational flight records at this
no p ?oblems en route, the navigation time. Of course, flight plans change
data set may be abandoned. However, in flight. However , recording
there will be no chance to question altitude is another p iece of
the fligh t crew about a particular business. We have only one track in
event. The navigation data seems to the recorder and have no way to add
us to be worth recording on tape as anything to it at present. First we
insurance that we may be able to must get the recorders onboard
resolve questions with it. Discrep — aircraft.
ancies in magnetic heading, as an
example , may represent a faulty input Comment (Unidentified) There are
or inadequacy of software--that would more uses for the navigation data set
not want to be confused with signal than for interpreting propagation
coverage or propagat ion p r o b l e m s .  measurements of si gnal coverage.

We talked about accuracy and what Response (Erikson ) We said there
should be the reference standard, were four card slots in the recorder.
Without Omega signals at the Enthusiasm could quickly make these
receive r , there will be no such slots insuff ic ient.  We could come to
question. We, therefore, are con- wish we had selected a 3/4 ATR long
centrating on the availability box and arrange also for space to add
of adequate and consistent navigation a side box. We must do our present
signals. job and the designs selected for the

purpose will not support other
Comment (Carmel) I must agree. jobs if add—ons are needed.
Any quest ion we have had over the
past several years has required tha t Question (Carmel) Does the recorder
we know what happened prior to the provide for a second data track? Can
event. It is essential that when we use a dual head and provide -

signals have been degenerating over a for event recording?
period of time, the record show that

• and not simply the final dip below Response (Erikson) The ori ginal
threshold. recorder almost entirely filled a 3/4

ATR box. The tape deck involved a
Question (Unident i f ied) If you are number of moving par ts , inc lud i ng
going to record heading and true belts. Its estimated mean time
airspeed , why not record also between failure was about 5 ,000
altitude ? Winds will be more operating hours. The later design
important for flight planning does permit us space for four custom-
if wind structure can be related to boards and the smaller tape deck ,
a l t i t u d e . I u n d e r s t a n d  we a re  about  1/3 smaller , has only two
talking about Omega winds. If you moving parts so mean time between

• can supply the wind—altitude records, failure is 15,000 operating hours.
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The second track is already occupied investigation nor are we assessing
with a tone signal for control of the navigation accuracy. Instead, we see
mechanism. - this effort as an engineering

investigation. The navigation data
Question (UnideAtified) Does your will be there for our use.
spec request a faul t analysis to
assure the design “is safe for air— Response (Erikson) We will get
borne operation? Omega position , status words showing

- whether the set went into dead
Response (Scavullo) There are only reckoning, whether an internal
two moving parts in the recorder, failure had been identified by
The power supply operates from a the set so that tabulated results
source of 110 VAC power from below 50 will give some measure of system
cycles to above 400 cycles per reliability, percentage of time in
second. A thermostat is incorporated dead reckoning, and how long were
to shut off power when temperature of periods of dead reckoning.
the unit is below a minimum level or
above an upper limit——the on range is Comment (Gibbs) I understand that
safe. There is not other special the data bank would combine navi-
protect ion. gation inputs from over the world by

- many airlines in a central place and
Question (Gibbs) Is the recorde r that this project would be to back up
going to be qualified as an FAA— the airline and military navigation
approved item? data. The information needed to back

up a navigation event would be only
Response (Scavullo) At the end of such things as the stations being
our program, we will have a business tracked, calculated bearing to the
session in which other FAA people may stations since geometry has an
help me provide an answer to that effect on navi gation along with
question. signal-to-noise ratio. Collection of

raw Omega data appears to be a
Question (Gibbs) It seems the data duplication of work being done at the
bank is more oriented to scientific monitor stations.
than to navigation questions.
Emphasis is being placed on raw data. Response (Erikson) Monitoring
If there are problems in navigation, stations and the ONSOD validation
the raw data should back up the fl ights do provide scientific infor—
inquiry. I believe that ONSOD and mation. There are time and monetary

• experimenters such as Dr. Reder are constraints which limi t the number of
collecting all the scientific data aircraft which can be equipped for
via monitoring stations that will be scientific measurements and the
needed. The emphasis should be number of probe fl ights they can
placed on accuracy and reliability of make. The commercial fl ights will be
navigation with just enough able to secure engineering measure-
engineering data collected in the ments (at low cost) with particular
bank to help resolve questions aircraft , particular Omega sets ,
around anomalous events, and frequent samp l ing of noi se/

signal. This is the only approach
• Response (Scavullo) We are not giving us more than a go--no go

c h a r g e d  w i t h  a s c i e n t  I fic observation ; data are systematically
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collected and processed for a destinations has accumulated to a
normalization of the important rapidly increasing confidence in the
effects. No individual manufacturer Omega navigation system. We can
will be sure whether to seek relief in fact secure useable navigation
from ONSOD, the installer , the user, data frequently from the start to the
or go back to the drawing board if it end of a route. After satisfying our
must do all its own data collection p r i m a r y  concern with Omega
and a n a l y s i s  of an un f o r t u n a t e  p r o p a g a t i o n , we may s w i t c h  the
navigation event, emphasis. It will likely take 1 or 2

years to generate the probability
Comment (Scavullo) We undertook this distributions that characterize Omega
project to characterize the real propagation around the world.
operational Omega environment.
The rationale is set forth in the Question (Gibbs) (indistinct——
paper given to you titled, “Probing apparently: “Why cannot a report be
the Airborne Omega Environment ” based on less i n f o r m a t i o n ,
reference B. In particular , we navigation-oriented data written down
expect to explore that part of by hand?”)
the environment which ONSOD could
otherwise miss in the air spaces Response (Scavullo) NA FEC would only
between the rather widely separated ~e w i l l i n g  to publish an official
monitors on the ground. We want more technical report based on data we
in-flight information about the have obtained. However , I cannot
presence of Omega signals along real visualize a NAFEC report unless the
operat ional  routes , under normal technical information has been
operational condi tions , from enough collected from in-flight Omega sets
aircraft to get the answers to under our supervision.
questions which ONSOD cannot supply.

Comment (Carme l) The equipment
Operators have had to place a person onboard must collect all the data
in the cockpit to collect t h o s e  that is available. The user may then
records which already have been extract portions of interest from the
accumulated. We could not hope to printout. Each user will have
impose on the air carriers to secure different needs. We cannot limit the
much more  in fo r m a t i o n  by add ing  equipment now to meeting the requi re-
workload or increasing the crew of 16 ments of one user and ignore data
or adding more aircraft. The data tha t another user would want. It
co l lec ted dur ing Omega f l i ghts of seems to me that the data you are
commerical a i rcraf t  has , up to now , proposing to record is complete and
been recorded by hand in only one or is (about) the minimum requi red.
two aircraft of an entire commercial
fleet. Sampling of routes during Comment (O’Brien) I think the data
f l ights  around the wor ld has taken you wi l l  collect wi l l  be invaluable.
p lace perhaps once or twice a year, When Australia comes on the air, we
and that data has stressed overall would l ike to see how it f i l l s  the
accuracy of navigational performance. present holes in coverage and make

comparisons of the system performance
Endpo int accuracies and arrivals before or after. I’d hate to see any
o v e r  f ix e s n e a r  t r ansoc ea n i c of the navigation data left out.
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Remarks (Scavullo) Let me hold up instal led , date removed, date mailed ,
one of the c a s s e t t e s .  They a re  or igin , aircraf t  tai l No., Omega type
commercially available for a little number. (See figure 25, page 95. )
more than $8. The decal bears
the statement “Property of U.S.
Government , return to Omega Data REFERENCE
Bank, ANA -330, FAA/NA FEC, Atlantic
City, NJ, 08405, USA.” That address
will be correct on the outside of an 13. Scavullo , 3. J., Probing The
envelope or mai l ing container. Six A i rborne Omega Environmen t, NAFEC
info rmation blocks include : Data Letter Report No. NA-77-24-LR, Nay

1977.

H. 
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Engineering Requirements for Kits to Modify Omega Navigation System
with Outpu t Interface for In-Flight Recording of Digital Data

Modification kits shall be designed, manufactured, and provided. Parts,
materials, software, or installation hardware shall be included along with
instructions for introducing the modification into the pti~oduction model
airborne Omega Navigation System specified.

The modification shall be designed so as not to prevent or preclude eventual
restoration of the Omega equipment to its original functional configuration
and performance characteristics. W ith the instructions accompanying each
kit, the authorized field service fa cilities of the Omega equipment manu.fac-
turer shall be capable of introducing and removing all the modifications.

A properly installed modification kit shall result in the delivery of digitized
technical data for recording in actual flight operations by means of dig ital-
üata tape recorder. Items of information to be included in the output data
stream are listed below in two groups.

Group 1. Signal-Propagation Data-Set - -

Date: Julian or Calendar
Time of day: GMT
Present position: Lat/long
Quality of received signals: Stations received and status, stations

deaelected, warning signals,— internal
- 

failure code and/or signal-to-noise ratios

Group 2. Navigation Data-Set

Waypoint from: Lat/long
Waypoint to: Lat/long
Distance-to-go: Nmi -

Magnetic heading: Degrees or radions
True airspeed: Kts
Groundspeed: Kts
Desired track angle: Degrees or rad’ions
Wind speed: Kts
Drift angle: Degrees or radions
Wind direction: Degrees or radions true
Cros s track error: Degrees or radions

• Cros s track distance: Nmi
Lines of position

c-I  
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All available data are to be recordable in sets or messages in a cassette
recorder. Rates of delivery of messages to the recorder need not be
more frequent than once in a 30-second interval nor less frequently than
once in a 120-second intervaL,

Since the prim ary objective is to survey the distribution and quality of
Omega/VI P reception along world-wide routes of commercial interest,
the data listed in Group 1 is essential. However, all the other propagation
and navigation data are being sought because of their possible usefulness in
analysis of data. Since the recorders will not be manned, nor will observers
be on duty during the in-flight data collection, there will be no other source
of information with which to evaluate unusual effects of solar activity or
other propagation phenomena. The modification kit, as connected to a
recorder, shall not adversely affect the operation of the Omega set in which
it is installed. 

-

The in-flight observation program is expected to continue for at least 1 year
and may be extended to 2 years, depending on the results obtained during
the first 6 to 12 months. Recorders will be available by July 1, 1978 , and
data collection is planned to begin between July 1 and October 1, 1978, in
commercial a ircraft already equipped with the production model Omega
Navivation System to which this modification kit can be applied.

.
In order to be processed and recorded properly, output data delivered from
the Omega sets must conform to specifications for either Configuration A
or Configuration B as follows:

A. Preferred Configuration: No signal conditioning board required
hi cassette recorder.

Data and clock rates must be between 100Hz and 2400Hz with all
signals compatible to CMOS logic -levels 0 to 5V. The following three s ignal
line. are required:

1. Buffer Enable: A. signal line that controls the loading of data
Into the buffer and initiate s recording of a data block on tape. When hi ,
data can be loaded into the buffer, and when it goes low, it writes data
block on tape.

2. Buffer Clock: This line strobes whatever logic level is present
on the data line into memory on the positive edge. The Buffer Clock must
remain low 50 usec after Buffer Enable is brought high. The minimum high
pulse width 1. 100 usec.

C—2
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3. Buffer Data: This is the data input line. All data must be
valid during the time that the Buffer Clock is high.

B. Acceptable Conf iguration: Signal conditioning board s required
in cassette recorder.

1. Required signals on output lines.

a. Sync. Goes high to designate the beginning of a new data
• block; may be transmitted on data line.

b. Data line. Bit serial, character serial data is presented
on this line.

c. Clock line. If data is not self-locking, this line must
conta in a clock to decode data.

2. Data rate.

The data shall be provided at a rate which can be buffered
down for recording at between 100 and 2400 bits per second, but need not
be continuous.

3. Data

The data transmitted from the Omega sets need not be 32 bit
word with 8 bit of address, but must output the data in a logical repeatable
sequence for each data, block. 

-

4. Acceptable Data Codes

a. Non-return to zero with separate clock
- b. Return to zero 

- 
-

c. Phase encoded -

• 4. Frequency shift keyed 
-

C-S

______________________________ ________________________ __________________________ . -  ~



PROPOSAL FOR A

- DIGITAL DATA RECORDING

MODIFICATION KIT
FOR THE CMA-740 ONS

VOLUME 1: TECtI4ICAL PROPOSAL.

Subsitted to
FEDERAL AVIATION ADMINISTRATION

Prepared by: ) (

Approved by:_______________________

CNC Proposal No. P-1549 -

June 9, 1978
RevisIon 2, Decesber 11, 1978
0542A/79A

CANADIAN MARCONI COI9ANV
AVIONIC S DIVISION

2442 TRENTON AVENUE
MONTREAL, QUEBEC, CANADA

N3P 1Y9

C-4



FOREWORD

This proposal Is sut*ltted by Canadian Marconi Co~~any In responseto FAA Request for Proposal RFP NAOO-8-5l.

The present Volume, Vo lume I of the proposal, describes the
engineering approach and the technical characteristics of the required
modification kit, and its iu~ lementat1on.

Volume II contains a detai’ed description of the data format.
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1.0 INTRODUCTION

The modification kit once properly Installed in the RPU (Receiver
Processor Unit) of a standard CMA-740 ONS, P/N 473-156, results in the
delivery on the COO (Control-Di splay Unit) data bus of the ONS of digitized
technical data suitable for recording in actual flight operations.

The modification kit is designed so that there is no Interference
with the other functions of the ONS. -

The kit can be installed and removed by authorized field service
faci lities of CMC, and the OHS can be restored to its original configuration
and performance characteristics.

The present document provides all the relevant information for the
user to be able to build the Interface Unit, to plan the installation, and to
process the data recordings.

Revision 2
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2.0 FUNCTIONAL DESCRIPTION

This chapter gives a sinpli fled overview of the various functions
performed to ultimately get the data on a magnetic tape cartridge, and their
relationship (Figure 1).

2.1 Software Driver

After the ONS has con~leted a position fix, a specialized
subroutine picks up the appropriate data from the internal storage of the RPU
and processes it to make a single data frame.

- Data words are processed and par!~ d in bytes (8 bits
elementary se~nents); 252 bytes ar~ to be prepared for each
data frame.

- The frame is cut in by blocks of 6 bytes.

- Each block Is presented to the sending circuit of the ONS
Most Significant Byte First, typically every 5Qns, a~ong Withthe suitable control bits. 

-

The software driver resumes execution every 30 seconds.

2.2 Sending Circuit

- The sending circuit transfers the incoming blocks to the COO
(Control Display Unit) on the wires of the CDU bus, Most Significant Byte
First.

Two sets of wires are utilized: -

- clock li nes
— data lines

The clock rate Is nominal ly 16.6KHz; data Is sent ser ially In an
NRZ format as &ns bursts.

Blocks are l imited to 6 bytes because of hardware constraint In the
sending circuit.

2.3 Interface Unit

This unit is provided by the user. The Interface Unit is hooked up
In parallel with the input data wires and clock wires to the COO.

The interface recognizes th~ relevant b locks of bytes by a kind of
adressing scheme, so that there Is no inter;erence between the recording
capability and the other devices which share the CDU bus.

The succeeding blocks are collated together in a teaporary storage,
unti l all of them have been received.

- 

Revision 2
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Once the entire data frame has been reconstructed, the interface
circuit activates tne recoruer and dun ,s t.,e whole frame, bit by bit, to the
recorder.

The handshaking procedure and the data transfer are controlled by
the interf3ce.

• 2.4 Recorder Unit

This unit Is provided by the us~r. The Recorder Unit accepts the
data and control signals from the Interface Unit and writes the data onto a
magnetic cartridge.

A typical recoruer unit for this application is the Model 250 from
*E.

• RevIsion 1
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3.0 INTERFACE REQUIREMENTS

3.1 Line Receivers 
-

The data and clock l ines are driven by DM8830 differential
drivers, see Figure 2 (refer to 5.1).

The CDI) itself utilizes optical couplers as per Figure 3.

In order to operate reliabi ly and not to disturb the RPU and CDLJ, //
the line receivers used by the Interface Unit shall meet the followIng
requirements:

a) Load resistance shal l be 1k or more between HI/Lo l ines.

b) Binary decision thresholds shal l be choosen for reliable
operation, over the desired teuperature range, with the l ine
driven by the line—driver (Figure 2) and loaded by one
line-receiver (Figure 3). -

c) The design shal l provide noise-inmiunity to spikes consistant
with the desired installation layout. -

d) The cables between RPU and Interface Unit shall be twisted-
shielded pairs, the shield shall be grounded at both ends.

3.2 Timing Constraints

a) The Interface Unit shall be able to perform properly when the
delay between 2 succeeding data fr~~ s Is down to 1 second
(see 7.2).

b) The Interface Unit shal l be able to perform properly when the
delay between 2 succeedIng data bursts Is down to iOns (see
6.1). -

3.3 Recorder and Interf ace Unit Requirements

a) The Recorder and Interface Units hal t be able to accept
every 30 seconds a data frame of 252 bytes from the CMA-740.

b) The Recorder and Interface Unit shal l cope with a 1 second
delay minimum between 2 frames.
This constraint lupl ies that the Digital Recorder shall
operate at 2400 Bands minimia.

c) For a typical Recorder Unit such as the lEE Model 150, the
data density will provide at least 12 hours of recording t imewith a 450 feet PHILLIPS cassette.

RevIsion 2
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4.0 MECHAI4ICAL SPECIFICATION

Mechanical Specification of Digital Data Source

a) All the changes required to luplement the modification kit
are internal to the CMA-740 RPU; there is no mechanical
addition or change to the standard RPU.

bj The user-provIded Interface Unit cats access the COO data buson the f~llowIng connector pins of the Rack connectors plug,
2J2 (OPX2MA - 67S67S-33B-0061) of the RPU:

Pin BP8 cable shields ground
Pin BP39 data to COO Hi
Pin 8P40 data to CDI) Lo

Pin BP49 sync to COO Hi
Pin P50 sync to CDU Lo

2J2 is the bottom plug.

C- 14 
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5.0 ELECTRiCAL_SPECIFICATION OF DIGITAL DATA SOURCE

The line drivers of the CDI) lini~s are DM8830, as per Fig~ire 2.

The LOU l ines are terminated in the CDI) by optical couplers, as per
Figure .s.

• The voltages ano rise times on the bus line are specified by Figure
4 for both NDatau output and HSynca l ines.

Note that “Hi” and “Lo” l ines are complement of each other.

C- 15
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6.0 DATA BURST COOING SPECIFICATION

This paragraph specifies the content and timing parameters of the
data bursts available on the output data bus to the COO.

ó.1 Data Burst Timing (Figure 5) -

The data bursts occurs at bOns + 4Ons intervals.

a) The “data” l ines utilize an NRZ coding: a positive
(negative) voltage difference between Hi/Lo- lines correspond
to a “1” (“0”) data bit. -

b) The TMsync” l ines carry a gated square wave clock signal with
a period of 6Ous + 1~~ (16.bKHz): a positive (negative)
voltage Gifference between HI/Lo lines correspond to a Nil
(“0”) clock bit. The clock bit stays at “1” after the end of
the data burst.

c) The data burst is made of 128 consecutive data bits, labelled
127 to 0, receIved in this order (Most Significant Bit
First). Each data bit changes at the 0/1 transItion of the
clock bit. Each dat a bit shal l oe strobed by the Interface
Unit at the i/O transition of the clock bit.

6.2 Data Burst Content (Figure 6)

The L8 data bits of the data burst are made up of:

a) CDI) bits - bits 127 to 54. Those 74 bits are used by the CDI) -

1~~e 1 f.

b) Address bits - bits 53 and 52. Those 2 bits define the
address of the device to which the remaining 52 bits are
destinea, according to Table 1.

C) Interface bits - bits 51 to 0. Those 52 bIts, when addressed
to the Interiace Unit, provide the suitable control and data
bits to reconstruct a whole data frame.
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TABLE 1

ADDRESS BITS SELECTED DEVICE
#53 #52

- 
0 0 Interface Unit (Recorder)

0 1 Cabin Display

1 0 HSI Output

1 1 Reserved

NOTE: Address bits arc received in the order : ----#53 #52----.

6.3 Interface Bits Content (Figure 7)

The content of bits 51 to 0 of the data burst, wt~en the mode bits
53 and 52 address the Interfac e Unit (see Table 1), is coded as a 4 bits
control character and 6 data bytes.

a) Control Character

The 4 bits-long control character is made of bits 51 to 48.
The Table II indicates their respective usage. When bIt 51
is 0, the Interface Unit shall ignore the content of this
data burst, bit 50 to 0.

TABLE II

CONTROL BIT USAGE

#48 Always set to 0

#49 1 ~ First 6 bytes of new frame

#50 1 Last 6 bytes of present frame

#51 1 • 6 bytes available
0 “ Ignore this data burst

NOTE: Control bits are received in the order: ----#51 #50 #49
#48----

b ) Data Bytes

The 6 ieytes folluwirig t~.e control character are made of databits 47 to 0. The bytes are numbered #5 to #0 and are
received Most Significant Bit First, Most Significant Bit
First. Bits within a b~-te are numbered 7 to 0.

C- 18
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7.0 FRN~E COOING SPECIFICATION
1.1 Frame Structure

Each frame is made of N bytes, labeled (N-i) to 0.

The f r e  is built of consecutive blocks of 6 data bytes extracted
serially, Most Significant Byte (N-i) First, from the CDLI data bursts, as
specified in 6.0.

The Figure 8 illustrates the construction process. - A
7.2 Frame Timing

a) A minimum delay of 1 second is provided between the end of
one frame and the beginning of the next one, so that the
Interface Unit has time to dump frames onto the Recorder Unit.

This delay is measured between the time of occurance of
control bit 50 beIng set and control bit 49 beIng set later.

b) Frames occur every 30 seconds.

7.3 Frame Coding

The Table 3 su arizes the content of individual bytes. The Most
Significant Bytes are corresponding to the Most Significant Bit of a data Item.
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TABLE III

ITEM LENGTH NO. - DATA TYPE UNITS RANGE
(BYTES) (1 INCRENENT~)

GIlT 2 0.1 Tens of Seconds I 10 SEC. 0 TO 8639
(0 - 24 KR)

DATE 3 2 DAY I 1 day 0 TO 31
3 MONTH I laonth 0T0 12
4 YEAR I lyear 0T 0 99

FROM WAYPOINT NFROMN + 90 DG LAT ,
+ 1BO DG LONG

2 5,6 LATITUDE (+~North) I 90 DG /32768 :32768 TO
2 7 ,8 LONGITUDE (+—East) I 180 DG /32768 +32767

TO WAYPOINT NTO N + 90 OG LAT,
~ 180 OG LONG

2 9,10 LATITUDE (+-NORTK) I 90 DG /32768 :32768 TO
2 11,12 LONGITUDE (+~East) I 180 DG /32768 +32767

DIST 2 13.14 DISTANCE TO GO I 1114 —32768 TO
• +32767 NM

XTK 1 15 CROSS-TRACK ERROR I 1/10 III -12.8 TO
- 

+12.7 114

KE 1 16 TRACK ERROR I 360 DG -180 TO
+180 DG

OFFSET 1 17 HEADING OFFSET • 1 360 DG -180 TO
TRUE HDG--MAG HOG +180 DG

GS 1 18 GROUND-SPEED I 3 KNOTS 0 TO 765 KT
(NOT SIGNED)

WIND WIND VECTOR
1 19 WIND ANGLE I 360 DG -180 TO

+180 DG
1 20 WINO SPEED I 3 KNOTS 0 TO 765 KT

(NOT SIGNED)

TRK 1 21 TRUE TRACK 1 360 DG -180 TO

- 
+180 OG

DRIFT 1 22 DRIFT ANGLE I - 

~~Q DG -180 TO
+18O OG

RevisIon 2
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- TABLE III (CONr’o)
ITEM LENGTh NO. DATA TYPE UNITS RANGE(BYTES) (1 JNCREMENT~)

CHOIC 2 23,24 MANUAL STATION CODED
SELECTION

FRSW 1 25 MANUAL FREQUENCY CODED
SELECTION

TXLOG 2 26,27 S1AI IONS USED COOED
QUALITY 1 28 QUALITY OF FIX 1 1/10 Ml 0 TO 12.7NM

ERROR 1 29 GUESS OF ACCURACY I 1/10 NM 0 TO 12.71111

DIURNAL 24 30-~3 24 PROPAGATION I 2 CEC -256 TO
CORRECT IONS +255 CEC

• RevisIon 2
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(DATA FROM 1ST OMEGA SEQUENCE)

ITEM LENGTH NO. DATA TYPE UNITS RANGE
(BYTES) - (1 INcREMENT”)

P~J3ITION 4 ~4-57 LATIT UDE (+=NORTH) F.P. 1 RD -P1/2 TO+ P1/2

4 58-6 1 LONGITUDE (+ EAST) F.P. 1 RD -P1 TO +P~
BYTE 1 62 SYSTEM FAILURES COOED -/
WARN 1 t,3 SYSTEM WARNINGS CODED

MHOG 1 64 hAG HOG INPUT I 360 DG -180 TO +180 DG
256

lAS 1 i 5  lAS SYNCHRO INPUT I 3 KT 0 TO 7651(1
(NOT SiGNED)

MODE 1 66 FLAGS “VLF” OR CODED
“OMEGA” MODE

SNR 24 67-90 Z4 StIR MEASURES I RELATIVE
SCALE 0 TO 101

NOTE: CMC-RESERVED DATA BEGINS HERE

PHASES 24 91-114 24 PHASES I 1 CEC 0 TO 99 
-

PAD 1 5 115-119 PAD FOR 6-BYTES NOT USED
SUB-FRAME #20

TABLE III (CONT’O) 
-

Revision 2
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(DATA FR.~j.2~~..OMEGA SEQUENCE)

ITEM LENGTH NO. DATA TYPE UNITS RANGE
iBYTES) — —  (1 INcREMENT.)

L

POSITION 4 120-123 LA11WDE (+“NORTR) F.P. 1 RD -P1/2 TO+ P1/2
4 124-127 LONGITUDE (+“EAST) F.P. 1 RD -P1 TO +P1

BITE 1 128 SYSTEM FAILU RES CODED
WARN 1 129 SYS1EM WARNINGS COOED

MHDG 1 130 hAG HOG INPUT I 360 DG -180 TO +1800G

TAS 1 131 TAS SYNCIIRO INPUT I - 3 1(1 0 TO 765KT
(NOT SIGN ED )

DE 1 132 FLAGS “VLF” OR CODED
“OMEGA” MODE

SNR 24 133-156 24 SNR MEASURES I RELATIVE
- 

SCALE O T O 1O1

PHA~~s 24 157-180 24 PHASES I 1 CEC 0 TO 99

PAD 2 5 181-185 PAD FOR 6-BYTES NOT USED
SUB-FRAME #31

TABLE (CONT ’D)

RevIsion 2
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1PAI&LR~ I 3RD ON~ A SEQUEjjç~1

tTE~ LENGTH NO. DATA TYPE UNITS RANGE
_J!YTES) (1 INCREMENT”) _ ______ —

~OSITION 4 186-189 LATITUDE (+=NORTh) F.P. 1 RD -P1/2 TO+ P1/2

4 190-193 LONGITUDE (+=EAST) F.P. 1 RD -P1 TO +PI

BYTE 1 194 SYSTEM FAiLURES COOED

WARN 1 195 SYSTEM WARNINGS COOED

I’BIDG 1 196 hAG HOG INPUT 1 360 DG -180 TO -‘1800G

TAS 1 197 TAS SYNCHRO INPUT I 3 KT 0 TO 765KT
(NOT SIGNED)

0€ 1 198 FLAGS ~VLF” OR CODED
“OMEGA” MODE 

-

SNR 24 199-222 24 SNR MEASURES I RELATIVE
• SCALE O T O  101

PHASES 24 223-246 24 PHASES I 1 CEC 0 TO 99

PAD 3 5 247-251 PAD FOR 6-BYTES NOT USED
SUB-FRAME #42

)U#1Y 1 1 252 BYTES WHICH CANNOT BE FILLED UP
~N1.V4Y 2 1 2 3  BY THE CI4A-740
DUI4IY 3 1 254 (CAN BE USED BY INTERFACE
DUMMY 4 1 255 HARDWARE FOR STATUS REPORT)

END OF FRAME

FRAME CODING

TABLE III

RevisIon 2
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A) ~~~W DATA SL~ STS - 
— TIML
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•) EXTRACT ~)IELEV4I~~T INTE~~ACE IllS

2 SECONDS MIN.
C) ACCI.*4IL& DAT IYTES 

-

ONE FRA ME Of “N RYTES NEXT FRAME

FIGURE 8. FRAME CONSTRUCTION
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8.0 IMPLEMENTATION

There is no electrical or mechanical alteration to be made to the RPU.
The modification consists of a system software change.

This operation requires the RPU to be opened, and the memory board to be
exchanged with the factory programed memory board contained in the modification
kit. A system acceptance test is performed following this modification. This work
can be carr ied out ~y a CMC authorized service facility.

The original program can be re~.tored the same way.
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9.0 coMPIsURATIoN CONTROL
The modification of a RPU for recordsr data output will necessitate

special configurati on control actions . The best opproach is to be determined
with each operator of such modified equipment.
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10.0 OPERATION

The operation of the modification kit is automatic and c~~ letely
transparent to the operator of the ONS.
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11.0 MAINTENANCE 
-

a) All the original test and maintenance procedures are valid
without modification.

b) The existing monitoring or BITE functions of the ONS provide
suitable means of insuring the integrity of the operation of
the modification kit:

— The existing memory checksi self-test checks the
software driver is operative,

- The COU self-test and watch-dog functions verify the
data link does operate.
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Engineering Requirements for an Airborn e Digital-Data Interface and
Recording Set

Introduction

This document contains the engineering requirements for a small semi-
automatic airborne data-recording set. The set will incorporate provisions
for custom interfacing to receive and record digita l data available as outputs
from variou s models of Omega navigation equipment selected for  test during
normal flight operation s along world-wide air routes. When installed by
commercial , business, or government operators in transport aircraft
equipped with Omega avionics, the interface and recording set will normally
ope rate unattended from the time an aircraft leave s a selected maintenance
facility until it returns, after as many as 24 hours of long distance travel,
to the same facility. The insertion and removal of a tape cassette, and the
turning on and off of the reco rder , will be accomplished by the carrier.
All data input to the set will be digital in either serial or parallel arrange-
ments.

General Description

This engineering requirement covers airborne equipment whose purpose is
to receive digitized data, representing internal function s of operational
avionic s equipment, and to record such data for post-flight processing. The
immediate applica tion of the required interface-recording set is for recording
data derived in digita l form from the Omega navigation system in a limited
number of business, commercial, and government aircraf t. Therefore , the
act must be designed so that approval may be obtained to install it either in
the flight deck or in the electronics rack of such aircraft. Particula r air-
cra ft are to be selected for the likelihood tha t their use will maximize
sampling of Omega propagation and system performance over world-wide
air routes during a period of at least 2 years. While installed and connected
to take data , this set must not have any effect on operation of any other
equipment also installed in the aircraft .

The interface-recording set is to be compatible with the in-flight environment,
including pressure, temperatu re , shock , vibration, and available primary
power , as reflec ted in specifications covered in ARINC Characteristic 580
for the Mark I Omega Navigation System. Specification 404A, t1Air Trans-
port Equipment Cases and Racking, ” also cited in those characteristics,
describes the standard ATE. racking system of packaging avionics for
installation in commerical aircraft. Both these specifications were promul-
gated by Aeronautical Radio, Incorporated , 255 1 R iva Road, Annapolis ,
Maryland, 21401.
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Functional Components and Documentation

The airbo rn e interface and recording set will incorporate the following
principal components within one of the standard ATR cases: a digital cassette-
reco rder deck; a card cage for electronic circuit cards; control circuitry;
a data rate buffer , or memory, card; a power supply; and a multi-pin
connector . A supply of twenty (20) compatible tape cassettes will be furnished
with each set. A set of documentation also will be delivered with each set
to cover ins tallation, opera tion, maintenance, internal circuitry, and inter-
facing provisions.

The adaptation of this set to various data fo rmats will be accomplished by
adding custom interface cards in the Omega receiver processor unit , in the
interface-recorder set , or in both. As many as six different models of air-
borne Omega navigation systems are already commercially available. It
may be necessary to interface any of these models with the basic recorder
set , in one aircraft or another , from time to time. In most cases, custom
data-output cards will have to be added by its manufacturer to the Omega
avionics under test, in order to provide digitized data for delivery to the
interface and recording set and matching custom interface cards will have to
be added within the set specifically designed to receive and prepare the
incoming Omega data for temporary accumulation of complete messages in
the data-rate buffer. Reading out from the buffer in a standard compact
format onto the cassette tape should re sult in practical levels of data -
collection efficiency under operational condition s in world-wide transport
service. Data must be recoverable from the cassette s by playback in any
of the interface recorder sets.

Salient Characteristics

The case of the interface and recording set shall conform to the Aeronautical
Radio Specification 404A in order to assure compatibility with installation
requirements in business and commercial airc raf t. Dimensions for the
chassis, deck plates , front panel , and dust cover should not exceed those
for a standard short 3/4 ATR case in height, width, and length. Other
details of handles , ventilation, and mounting should conform generally to
corresponding details for the cases of Omega avionics cited in ARINC
Characteristic 580. -

The incremented cassette recorder must be capable of: (1) rewinding tape
to start, and (b) initializing digital recording system when a new tape is
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placed in the recorder. A front-mounted reset button may be provided to
start the tape loading sequence after tape cassette has been physically
changed. At all other times, power down shall not affect restoration of
norma l operation upon recovery of power. Upon each power interruption,
one record may be partially recorded or not recorded at all but an IRG
(inter-record gap) must be written.

A card cage for circuit cards is required to be mounted inside the case.
The card cage must have sufficient capacity to include a minimum of four
extra slots for 4. 5” x 4. 5” cards. The edge connectors for these cards
should have 70 or 72 pins with 0~. 1” pin centering. The spacing between cards
must provid e sufficient clearance for use of a commercially-available
universal logic cards with three wire-wrap levels and/or printed circuit
cards. The edge connector shall be wired as a unibus and have the following
circuits always connected:

a. Vcc (+5 volts)
b. Ground
c. Buffer enable
d. Data into data buffer and controller
e. Clock into data buffer and controller
f. Clock ’~
g. Sync ) From external connector, type RG-58 cable
h. Data )
i. Clock~
j. Sync ) Shielded twisted pair , i. e., two wires plus shield
k. Data ) from external connector

In addition to the four (4) card slots that are to be provided, for custom
interfaces between the equipment under evaluation and the buffer card
described below, this card cage may hou se also whatever circuitry Is
required both to buffer input and to control the recorder.

A data-rate buffer , or memory, circuit card is required which will accept
data whenever buffe r enable is true and data is strobed in with clock. In-
put data rate is to be 100Hz to 2. 4kHzwith data valid on positive edge of
clock. If no clock is present, but buffe r enable is true , unit will wait for
clock. When buffe r enable is false , data-rate buffer will control cassette
recorder and record data as per ANSI specifications. This includes both
pre- and post-amble of “AA ” hex, 800 BPI, BI 0 level-encoded data and
CRC. The buffer shall be capable of storing a minimum of 2048 bits
comprising all the data for one record. In order to provide better tape
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utilization , buffer size shall be selectable in increments of at least 512 ,
1024, l53~ , or 2048 bits per record. Size of buffe r may be selectable by
switch or by board jumpers. Buffer shall be cleared every time data has been
written on tape so all memory location s not used will be padded with zeroes.

An internal power supply is required with input protected by a circuit
breaker of suitable size. Set must be capable of operating from primary
power of 11OVAC , 50-to -440Hz with the input floating from ground. A
separate DC ground must be supplied. Operation, both in an aircraft and
laboratory, will be required. External power to the interface-recorder set
will be shut off for operational reasons several times during the recording
of data on any one cassette tape.

In addition to the power requirements of the cassette recorder , data buffer
and controller and formatter , the following minimum power shall be provided
for the custom interface cards:

+5VDC l .5A
+I2VDC 500 ma
-12VDC 100 ma

Output of power supplies shall be consistent with good digital logic design.
If switching power supplies are used, design of such shall be that under no
condition shall the switching frequency be between 10kH z and 14kH z
interference with Omega avionics may result.

An external connector is required at the rear of the set to mate with a
connector on a military standard shock mounting rack . Capacity of the
connector shall have a minimum of three pins capable of receiving RG-58,
26 pins for signals, and pins for the 1 1OVAC power supply and ground.
Connector shall be such that the set may be easily installed and removed
from shock mount tray.

Tape cassettes will be supplied with this equipment which are in
all respects compatible and suitable for the intended purpose. Additional
cassettes must be available at reasonable cost from one or more reliable
commercial sources.

Technical documentation should be provided with each set. The package
should include: (a) instructions for installation describing physical size
and clearance needed , recommended shock and vibration mounting, inter-
connections for external power and cables for interconnection with other

c-34 

— - - -J-- h



equipment, (b) instructions for operation, (c) maintenance procedures,
precaution s and list of replacement parts with identity of original sources
and/or recommended alternate sources, and (d) wiring diagrams and
description of data-rate buffer , internal interconnections, and other
information needed to introduce custom interfacing cards.
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APPENDIX D

QUESTIONS , RESPONSE , AND COMMEN T FOLLOWING

PRESENTA TION GIVEN BY DR. 3. C. LANOUE
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Question (Unidentified) You cite a Response (Scavullo) I understand
60-second trigger. Is it program- that on a cassette we could record
mable so that one could sample every your sample frame once per minute for
2 minutes or every 4 minutes ? 13 operating hours and, by electing

to record on the tape a message every
Response (Lanoue ) We could change .~t two minutes , we cot’ld record for 26
the plant. But the 60-second update operating hours.
interval is there as it results in 13
hours of recording time. We received Comment (Lanoue) Such a (trade
no speci fication for the recording of f) could be arranged with the Omega
time. However, the way the software set from any manufacturer. The
is organized , the way this data ability to select frames out of the
management is organized, it will be a available frames has to be built into
simple matter to change the format, the (interface) where it is quite
the data rate , or anything else , simple.
wi thout requir ing any change to the
h a r d w a r e  of the box nor to the Lomment (l(ennedy) Be careful because
recorder box itself, if the equipment is inaccessable as

installed you won ’t be able to make
Comment (Scavullo) You would have such changes.
to be told (before modi fication) if a
customer wanted some sampling rate Resp~’nse (Lanoue) It is not piac-
othe r than once every 60-seconds . tical to play around with this

matter. When the FAA will give such
Comment (Gibbs) Is it not possible a unit to an aircraft of a carrier ,
that the recorder could decide how i t  will have to preset based upon
often to record samples? We can discussion between the carrier and
continue to grind it out every 60 FAA . They may agree to record
seconds. for one week ’s fligh t operations on a

single cassette.
Response (Lanoue) We are relying
on being able to make such decisions Question (Carmel) Do I assume that
in the recorder where it is a data updated within the last 60
simple matter to ignore the data seconds is R-M; that is, the recorder
produced between records and we can look at it anytime during the
will not need anything to CMC data 60-second interval , or is the strobe •
nor do anything to the software in interconnected between the...?
CMA-740.

Response (Lanoue) Maybe we should
Comment (Erikson) All we have to do examine the diagram which shows a
to decrease sampling rate is put a frame constructed from signals in six

• counter in (to the recorder) to sense bytes. There is a lot of flexibility
the control bi ts at the start of new to the software. Consider arrivi ng
data in the message delivered every at the.. .and of an Omega forr~at. And
60 seconds by CMA -740. Of f~ourse, you decide it is time to start a new
sampling cannot be more oZten than frame. Then the software will
once per minute. (A switch in the look into the memory and pick up, for
interface would allow the operator to example , position data , GMT , and
select sampling at the rate he signal—to-noise just to name a few.
likes.) it will take a snapshot of it and
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duplicate the snapshot into its own the data wi th that mark , or would
memory. Then every 50 milliseconds you? Could you apply a test code on
it will take six bytes of this the Omega set?
snapshot and deliver it to the
hardware. The hardware will output Response (Lanoue) Yes. There bwas
electrical pulses onto the wi re. not a request for such a feature. To
Obviously the data is available only do what you suggest would require
at the time of those particular another swi tch somewhere wi th all
bytes . The interface unit cannot ask the problems that another swi tch
arbitraril y for delivery of any could entail. Airlines would object
particular byte. The interface to that. A test code punched into
unit waits and as soon as bytes the control display unit to get a
arrive , it puts them into its own trigge r would add workload which most
memory. pilots do not care to do.

Comment (Scavullo) The initial Comment (Scavullo) If there were a
recording by NAFEC was accomplished continuous flow of info rmation at
one frame per minute with the expec- every 10 seconds, it might not help
tation that an event occuring within very much. We are looking for
a particular lane could better phenomena which have effects over
be associated wi th that lane . At wide areas , accumulating data by
commerical jet speeds , it takes a geographic cells. We are willing to
little more than one minute to accept Omega position without another
traverse an Omega lane, Experience reference as all indications argue
c o u l d  show that l ess frequent against actual errors of more than
sampling will suffice. We would like two or three lanes , usually good
to get one loaded cassette back each enough to locate which 1O~ by 1O~
week from every installation. If our cell we were in at the time of a
sampling rate were too fast, we might record.
only be able to record during two
days of fl y ing. We will need to Comment (Lanoue) Maybe I can add
be able to adapt our sampling rate to something. The only place where
the particular situation, an onboard pilot could make the

c ross ing  o f  a VOR fix would be
Response  (Lanoue )  Omega manu- ove r land. And i t  is in such a place
facturers should provide some basic that he w i l l  be about to get a manual
capability of data output. On the report position from a radar. So we
other hand , FAA could have a new are not adding very much more to
problem if it defines a di fferent knowledge of accuracy of the system
sampling characteristic for the by providing a marker picture. If
interface card for each participating you provide a marker picture you
carrier, will have to correlate it with the

cassette——wh y not simply record
Question (frennedy ) What would the position—time data. Of course,
happen if you wanted to record a pilots won ’t like to do that either.
sample just as you fly over a mark? If you provide a marker , then you are
You are satisfied with your position, logically obliged to provide an entry
but you must wait for the counter to of the record of position into the
count to its assigned record. You system, and, logically, it will be
would not be able to correlate better to provide to go along with
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the marker an indication of sorting out exceptional or abnormal
this the reason for quotation. behavior attributable to effects in

the propagation environment, or to
And with the data we can expect interruptions of service at one of
to be r e c o r d e d  on the i n t e r f a c e  the ground stations , etc . We don ’t
unit that would be more r ea l i s t i c,  want to report erroneous data points.
But , i f  you just have a marker button
and ask the pilot to provide a record Comment (Carmel) There has to be a
of the coordinates, in the long term fallout in both directions. You are
you will not decipher the data. looking for what FAA requires. The

same effort should gi ve the operator
Question (Lyddane) Are you recording help in solving his particular
desired track, actual track , ground problems. We may come to you to
speed , most of the NAV primers? learn what the signal status was at a

particular time, but we also need to
Response (Lanoue) What is available know what else had been going
is the track and track error so on. I feel -we must be able to relate
from those you can build up desired this track to an event. The Omega
track , also available are the is coupled to dr ive our aircraft. If
designated waypoints. there is a position g litch , say a

1—mile shift, the airplane will make
Question (Lyddane) Of what use are a substantial movement. The p ilot
waypoints? Why do you want to know will be asked to make a notation
desired track? about what happened at such and such

a place when the aircraft moved
Response (Lanoue) Possibly as a over and made those wild turns.
rough check of the direction of the Benefit back to the user would be to
aircraft. A knowledge of the desired be able to interrogate the tape to
track and waypoints can be app lied find a technical explanation.
to a visual inspection of the globe
for a quick estimate of the situation Discussion (Lanoue) Don ’t you agree
when a particular phenomenon that in most cases, because you are
occurred, coupled to an Omega system, the p ilot

will not write anything down except
Comment (Carmel) It also gives you when he will be close to the data?
ability to find out if there was an Unless there is a profound blunder,
error , whether may have been due to the pilot will not know there is an
an inadvertent input which is a very error in the Omega.
common occurrence.

Comment (Scavullo) We promise that
Comment (Scavullo) We have not whatever data are collected will
considered entering ATC records to be made available , at least as
veri fy fl ight plans. It is not fair printouts. We will take your data on
to Mr. Lanoue to expect him to defend 9-track tape. You may want to screen
this selection of data——which we out and process your own data
requested of him. We anticipate the separately. We would attemp t
possible occurrence of questions to do any special analysis you need
which only can be resolved after if you cannot do it yourself. The
considering the available navigation marg ina l cost of such work to us
data. We are mainly concerned with would be modest and it would fit the
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FAA mission. We would, of course, migh t not be a b l e  to get that
protect anonymity. We would do what readout.
we could for pa r t i c i pan t s .  Af ter
five crossings with TWA in January Response (Erikson) But, if the pilot
1976 , it was only a month or so finds the paper and pencil (or the
before we presented TWA wi th zerox pocket voice recorder) and makes any
c o p i e s  of a l l  the data we had notes at a l l  he should be able to
collected with our portable recorder, mark down the time.
I believe i t  helped TWA make some of
i ts  decisions. Comment (Carmel) If he makes h i s

notes 5-minutes later, the basic GMT
Alan Carme l deals wi th an industr ial is lost.
fleet , operated by Continental Can
and he can talk with pilots di f- Comment (Scavullo) We hope that the
ferently than an officer of a corn— basic requirements can be satisfied
mercial carrier can ta lk  to much wi th the equipment we believe we can
larger groups of union pilots. Our provide and that collaborating users
p lanning has attempted to avoid will learn how to solve their special
adding to pilot workload, logging problems wi thin their own

organization.
Comment (Diederich) I believe we may
be going too far in avoiding work— Comment (Pennedy) I made this point
load. It seems we could use a $50. when criticizing the philosophy about
dictation voice recorder to log who triggers the recorder. If you
even ts  i n  the c o c k p i t  w i t h o u t  are going to change the software and
imposing on the p i lo ts,  some p i lo ts  want the opportunity to

trigge r an event marker and others
Re sponse (Sca vu ll o )  We could not migh t not . Those who don ’t won ’t
in t roduce audio onto the d ig i t al  need to use i t .  But the tr i gger has
cassette, to be local to the p i lo t .  There are

many check codes availab le in some of
Response (Erikson ) If some thing must the Omega sets. Pressing an avai l -
be copied on paper in the cockpit to able button may make an easy way to
note an event, the time display on mark an event. You ’ve got the 60—
the Omega set would supply an exact second clock , why not have ini t ial -
reference to the corresponding sample ization code in the Omega set with
frame on the digi tal cassette tape. which to set up the rate of sampling

-—thus, all recorder functions would
Commen t (Ca rme l )  If the p i l o t  is  be up front with the pilot. There is
busy holding onto the ai rcraf t , he a lot of potential flexibility.
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APPENDIX E

AGREEMENT NO. DOT FA78NA-AP- -

BETWEEN

DEPAR TMEN T OF TRANSPOR TATION
FEDERAL AVIATION ADMINISTRATION

NATIONAL AVIATION FACILITIES EXPERIMENTAL CENTER
ATLANTIC CITY, NEW JERSEY -

AND

I. PURPOSE -

The purpose of this Agreement between the Federal Aviation Administration,
National Aviation Facilities Experimental Center (hereinafter referred to as
FAA) and ______________________ (hereinafter referred to as 

__________ 
)

is to permit the FAA to obta in Omega performance data from 
___________

_________ 
a ircraft fly ing intercontinental and oceanic air routes by use

of government-furnished recorders with modification kits. All benefits
and considerations are set forth herein.

II. SCOPE 
-

A. The FAA shall: 
-

1. Furnish three Omega recorders to be used for obtaining Omega
performance data, along with cassettes.

2. Furnish the appropriate modification kits for the aircraft’s Omega
receiver system.

3. Replace the Omega recorder kits , if found faulty. U replacement
Is not feasible, the collection of Omega data shall be discontinued.

4. Distribute reports to __________from data gathered solely aboa rd
_________ aircraft as a result of the purpose of the Agreement. These
reports would not be made available to any other airline without the
consent of - - 

given in writing.
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5. Furnish to ________  any specia l printouts FAA can make from
the data collected by the Omega recorder cassettes, if requested by

— 
. These printouts would not be made available to any other

airline.

6. Perfo rm all requirements set forth in Items 1 through 5 under
this Article h A  at no cost to —

RECORDER NONINTERFERENCE:

(a) The recording devices furnished by the FAA for use in __________

aircraft unji er this Agreement will not degrade or interfere with the normal
navigation function of the aircraft or the Omega system.

(b) The information obtained by the FAA fr - 

~e recorders will not
be used for disciplinai~y action with respect to i~ -‘rnew performance,
or given to other agencies or companies, except .. ., without
written approval from 

_________

B. ___________ shall:

1. Install the Omega recorders furnished by the FAA in a __________

aircraft selected by__________ as the aircraft best auited for the purpose
set forth in this Agreement.

2. Modify 
_________  Omega Navigation set, utilizing the modification

kit furnished by FAA, in a 
__________ aircraft selected by __________ as the

aircraft best suited for the purposes set forth in this Agreement.

3. Remove the FAA recorders and kits from the aircraft upon completion
of the term herein, and return them to the FAA.

4. Perform all requirements set forth in Items 1 through 3 under this
Article ZIB at no cost to the FAA.

C. Loss of Government Furnished Property

The loss of Government Furnished Property utilized under this Agreement
will not be the responsibility of _________unless an attempt to defraud the
Government can be proven, __________ agrees , however, that it shall give
as much care and security to the Government’s property as it gives to its
own property.

UI. TERM
I

The term of this Agreement shall be a period of 2 years from the date that
________  receives the Government fu rnished property to be installed by
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and this period may be extended upon mutual agreement of
_______  and the FAA for any period deemed acceptable to both parties.

IV. SHIPMENT

Omega recorders and kits shall be furnished to 
_________ , or returned to

the FAA, at the expense o~ the FAA by such method as FAA shall determine
appropriate.

V. MAILING ADDRESS

Correspondence, or other documents, related to this Agreement shall be
addressed to:

Mr._ - Mr. Joseph J. Scavullo, ANA-330
_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

- FAA/NAFEC
___________ ________ 

At’antic City, NJ 08405

VI. CHANGES

Any change of this Agreement shall be effected by written bilateral modifica-
tion of this Agreement.

VII. OFFICIALS NOT TO BENEFIT

No member of , or delegate to Congress , or resident Commissioner , shall
be admitted to any share or par t  of this contract, or to any benef its that
may arise therefrom; but this provis ion shall not be construed to extend
to this contract if made with a corpo ration for its general benefit.

The FAA and __________ agree to all provisions of this Agreement by
affixing the signatures of their duly authorized officers below.

FEDERAL AVIATION ADMINISTRATION

By By
(Name) (Name)

S

_________________________________ Contracting Officer
(Title) (Title)

(Date) (Date)

- ,
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World Wide Omega Data Bank Conference
Philadelphia, Pennsylvania

Registered Attendants

Honoure Alz ia l  Jerald M. Davis
CROUZE T NY ACDO
25 Rue Juls Vedrines 181 5. Franklin Ave.
Valence, France 26010 Valley Stream, NY

Terry A rmstrong P. Diederich
Tracor , Inc. The Decca Navigator Co., Ltd. A
6500 Tracor Ln. 247 Burlington Rd.
Austin, TX 78271 New Malden, Surrey, U~

William N. Berry A. H. Ernst
FAA ACDO 31 FAA ASO-FSDO-62
1568 Willingham Dr. - Metro Airport
Atlanta, GA 30337 Nashville, TN 37217

Moussa Bougnounou Wi l l i am N. Fanning
Air  Afr ique NTP NBAA
Box Office 2024 Zone Entretien Roissy 1 Farragut Square South
Paris, France Washington, D.C. 20006

Alan Carmel E. V. Fretwel l
Continental Can Co. ALPA
NorrEst own Airport 1625 Mass. Ave . N.W.
Morristown, NJ 07960 Washington, D.C. 20036

A. Cherry I(einsosuke Furukawa
Capitol International Airways Japan Air Lines
Operations Chief Pi l ot 9— 1 Hanedakuk u 1 chome Ota—k u
Smyrna Airport Tokyo, Japan 144
Smyrna , TN 37167

Dennis B. Cooper Neil Gallon
FAA British Airways
800 Independence Ave . Heathrow Airport
Washington , D C .  20591 London , England

Charles Cram A. Van Gel der
• FM Spectrum Management I(LN Aero Carto B. V.

2 100 2nd St. S. W. Prinses Beatrix Laan 7
Washington, D.C. 20591 The Hague, Holland

James Da Rold C. Gibbs
Nor den Systems Canadian Marconi Co.
Maxess Rd. 2442 Trenton Ave.
Mel v i l l e , NY 11746 Montreal , Quebec H39 1y9 
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Duns tan Czahan, J. 0. Lanoue
Princeton University Canadian Marconi Co.
Engineering Am. 302 EQ 2442 Trenton Ave .
Princeton, NJ 08540 M,unt—Royal, Canada N3P 1Y9

Beryl 8. Green J. L. Legare
FAA Air Afri que, NTP
Oklah~na City, OK BP 20202 95712 Roissy—Ch de Gaulle

Paris, France

GAP Haynes Paul Levi ne
Capitol International Airways Meqatek Corp.
P.O. Box 325 1055 Shafter St.
Smyrna , TN 3716 7 San Diego , CA 92 106

David Herol d liv Lubl in
Ohio Unversity International Omega Ass,,.
Athens, OH 45701 P.O. 8o.~ 2324

Arlington, VA 22202

Robert Huhn George Lyddane
FAA FAA Engineering Div.
800 Independence S. W. 16005 Sabana Ln.
Washington , D.C. 20591 Encino , CA 91436

Carl A. !#utchinson Peter 8. Norr is
FAA IJSCC/ONSOD
2525 Geneva St. 2100 2nd St.
Denver, CO 80010 Washington, D.C. 20590

Ray Johnson S. Murakami
Delta Air Lines Japan Air Lines
Harts fiel d Airport 1-1 Nanedakuko 2 chome Ota-ku
Atlanta, CA 30202 Tokyo, Japan 144

A. L. Jones Robert E. O ’Brien
U.S. Steel FM
P.O. Box 12345 322 Knapp Blvd.-Netzo Airport
Pittsburg, PA 15231 Nashville, TN 37219

Paul A. C. Kennedy San Pen
British Embassy Ports of Call
Br it ish Navy Staff , Bldg. 6 2121 Valentia Station
222 1 Jefferson Davis Hwy. Denver , CO 80220
Arlington, VA 22202

Richard Ladzinke John Pohlke
FM Base Ten Systmes, Inc.
Atlanta, CA 3828 Ouakenbridge Rd.

Trenton, NJ 08619



George Quinn Edward Thompson
FAA -A RD-732 FAA
2 100 Second St. S.W. 1568 Wil l ingham Dr. ,  Suite D, Am. 116
Washington , D.C. 20590 London, England SE17SW

Dr. Fritz H. Reder N. D. Tooley
DRECO-CON-RF-5 (Evans) The Decca Navigator Co., Ltd.
CENCOMS/CORADCOM 9 Albert Embankment
Fort Nonmouth, NJ 07703 London, England SE 17SW

P. R. J. Reynolds Douglas E. Underwood
12 Fairway Drive Ports of Call
Cold Springs Hrbr.,  NY 11724 212 1 Valentia St.

Denver, CO 80220

H. W. Ross Bob Westoff
United States Steel Corp. FAA Denver ACDO
P.O. Box 12345 Greater Pit tsburg Airport  2525 Geneva St.
Pittsburgh , PA 1523 1 Aurora, Co 800 10

David C. Scull S. Yamashita 
-

USCC/ONSOD Japan Air Lines
2112 Witt ington Blvd. JAL Operation Center Bldg.
Alexandria, VA 22308 1-1 Nanedakuko 2 chome Ota-ku

Tokyo, Japan 144

John H. Shaffer
FAA
6305 Maiden Ln.
Bethesda, OH 20034

Thomas H. Shelton NAFEC PARTICIPANTS

FAA
1568 Wil l ingh an Dr .,  Sui te 0, Am. 116 Joseph H. Del Balzo , ANA-1
College Park , CA 3033 7 Albert Lupinetti , ANA-48

Robert Moore, ANA-18O
Charles R. Stauffer Jack W. Edwards, ANA-300

FAA Edward J. Murphy , ANA-330
525 Mexico City Aye , KCI Joseph J. Scavullo, ANA— 33O

Kansas City, MO 64153 Arthur A. Heavener, ANA-330
Robert Enikson, ANA-330

C. J. Taylor Lorraine Rzonca, ANA -33O

Transport Canada
Tower C Place de Vi lle
Ottawa, Canada

A. 0. Thompson
Boeing
At. 2 Box 795
Vashon Is., WA 98070


