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MULTI-RADAR COVERAGE. Each
aircraft in the Maastricht area
is tracked on the basis of infor-
mation received from two or in
many occasions even three radar
sites. The accuracy attained
in radar positioning is conside-
rable. Martin kindly designed a
front cover, depicting the
Maastricht environment, which
will be used for the 1984 issues.
It will certainly enhance our
image and INPUT will unmistakebly
be recognised as the EGATS
magazine.

This year's first issue is in
particular devoted to occurrences
with fatal consequences and its
causes. Eurccontrol Headguarters
responded rapidly by approving
the publication of some articles,
which provide interesting inform-
ation about new developments
within Eurocontrol.

Before you start the main
dish I would like to draw your
attention to a new activity
organised by EGATS. On 12th April
1984, Dr. Brouwers will give a
presentation about "Stress in
ATC". Further information will be
soon available.

Rob.

Safety of Air Navigation in Europe

The following is an extract of a Report from the Transport Committee
of the European Parliament by Mr. C.Ripa di Meana. Henk van Hoogdalem
has selected the most interesting items. It has to be taken into
account that the statistical information is based on IATA reports only
and therefore the figures may turn out less propitious in reality.

From the Draft-Resolution
Considering that,.

1. The high degree of safety of
air-navigation in Europe needs to
be maintained and even improved
with respect to the expected in-
crease of air traffic.

2. The economical problems of the
member-States (EEC)} could lead to
cuts in expenditure with regard to
equipment, which in turn may be
detrimental to safety in air navi-
gation.

3. The air-routes of civil and
military air traffic cross each
other frequently.

4. Determines that the ATC sys-
tems differ remarkably between

the member-States and in addition
between member-States and appli-
cant member-States.

5. Holds the view that all member-
States must be equipped with com-
parable technological systems and
should preferably use standard-
ized equipment and apparatus
designed in Europe.

6. Calls attention to the distur-
bances of air/ground communica-
tions, mainly caused by radio-,
T™W- and CB-transmitters,

7. Requests to improve the quali-
ty of weather information, such
as "windshear", "clear air turbu-
lance" and "bird ingestion".

8. Establishes that ATC centres
communicate according elementary
procedures which may fail, while
more advanced and reliable auto-
matic coupling-systems could be
used (e.g. ACT exchange between
Maastricht UAC and London ATCC).
9. Wishes that schooling (basic
training and refresher-courses)
of air traffic controllers is
improved, in view of fast and
continuously changing technigques.

The available information on
"safety in Air-Navigation" in
Europe is completed by means of:

- a gquestionnaire sent to all
European airlines and organisa-
tions, pilots' and controllers'
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associations and international
organisations.

- requests for information from
military and civil authorities
about "air-misses" (some States
were rather reserved),

- meetings with representatives
of pilots' and controllers' asso-
ciations, airlines and authori-
ties.

Circumstances involving aircraft
incidents/accidents

In air transport an average of
some 800 - 1000 people per year
are killed. The number of acci-
dents per million flights is

- worldwide L

- in Europe ¥ L
Of all accidents/incidents 75%
occur in the vicinity of airports
(start 20%, climb-out 5%, app-
roach 23% and landing 22%), and
14% take place during cruise.

The following numbers of air-
misses were recorded in 1982:

Belgium (B) 5
West Germany (W.G.) 40
Greece (G) 19
France (F) 31
Italy (I) 13
The Netherlands (N) 6
United Kingdom (U.K.) 21
Spain (5) 35

Over the last five years the
following tendency can be obser-
ved:

1977 1978 1979 1980 1981

B 14 9 4 5 2
W.G. 82 70 60 56 51
G 11 10 10 5 17
F 63 68 54 31 o
I 15 14 10 12 18
N 8 8 7 8 13
U.E.' 35 39 36 29 32
s 54 66 46 34 25

A rather spectacular decrease of
air-misses over West Germany and
Belgium, whilst the figures of
Italy remain fairly constant and
those of Greece increase. The
number of air-misses with a high
risk of collision is particularly
high in France and Spain.

A differentiation with regard
to the type cf aircraft involved:

Civil/ Civil/
Ciwvil Military
France 18 4
W. Germany 2 15
Greece 13 b
United Kingdom 8 9

Based on faults of:

civil civil mil.

controller pilot pilot

E 11 =
W.G. 6 1 10
G 9 4 2
U.EK. 7 2 1

Based on conversations and stati-
stical recordings one may assume
that the number of air-misses has
to be multiplied by 2 or 3 to
arrive at more realistic figures.
The information of national ad-
ministrations was not disclosed
by the General Directorate of
Eurocontrol.

E9 Ten's H_m\lﬂﬂ E5

It's the talk of the town!!!

The one and only Japanese Teppanyaki,
Korean, Nonya and Chinese Speciality
Restaurant in Holland.

See the food prepared under your very
eyes by our chef. You can also relax in our
exotic garden lounge before or after dinner,
Our open kitchen is proof of our sincerity
and service is our guarantee.

For Japanese Teppanyaki reservation
desired (Tel.: 04490-27530).

K.K. TEOQ
Rijksweg Zuid 72 Sittard
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Radar coverage in Europe

Radar control over mid Europe
is satisfactory and the report
mentions the ATC centre at Maas-
tricht as the most advanced
centre in the world. Italy will
soon introduce a multi-radar-
tracking system; the ATC system
of Greece needs to be modernized.
In Spain and Portugal exists in-
sufficient radar coverage.

A major problem is that the
different computer systems are
not connected to each other (all
information has to be passed by
telephone or telex). An automatic
link exists between Maastricht
UAC and London ATCC (and will
soon be introduced between Maas-
tricht and Rhein, and Maastricht
and CORTA. - H.v.Hoogdalem).

Radio jamming

The quality of R/T communica-
tions determines the degree of
safety and efficiency. The in-
crease of magnetic interferences
influences air/ground radio com-
munications negatively and are
probably brought about by radio-,
TV- and CB-transmissions. Mea-
sures against disturbances of
frequencies can only be taken by
law adjustments.

ATC procedures in Eurcpe

The European situation verges
on the ridiculous: 17 regional
ATC centres using different tech-
nical systems. Quite a contrast
with the United States, four
times as large as Europe and only
20 ATC centres, which are to be
reduced to 12.

Some aspects to be taken into
account when a reduction of the
number of centres is pursued:

1. The financial aspect: a study
in 1978 indicates that the total
costs per 100 hours of flight av-
erage to $44 per national centre
and $32 per centralized (European)
centre.

2. Harmonisation of procedures and
equipment increases the safety and
efficiency; in addition it simpli-
fies the work of pilot and contr-
oller.

Military and civil airspace

Military and civil ATC operate
separately in all member-States
of the Common Market. The airway
system is not optimal at all; if
it would be a reduction of 15% in
flying time and costs of air-
transport could be achieved. A
positive remark is made with res-
pect to Eurocontrol, where mili-
tary and civil controllers work
side by side with the same equip-
ment.

It is often reflected by civil
pilots that the careless attitude
of some military pilots is the
cause of a number of incidents/
air-misses. Obviocusly these mili-
tary pilots have the opinion that
greater speeds and perfect radar
equipment permit them to disre-
gard some rules of the air.

Human factors

According to an IATA investiga-
tion in 1975, 70% of all acci-
dents are caused by human errors.

Too advanced techniques may
have negative or even ill conse-
quences. The "better" equipped
aircraft are, the more attention
and concentration is required
from the crews; primarily on
longer flights these will de-
crease. The psychological cir-
cumstances in which crews find
themselves are extremely impor-
tant. It is therefore proposed
to carry out extensive research
programmes before new technigques
are implemented.
Note (H.v.Hoogdalem): In general
it can be said that any system
with a high degree of technology
may influence human behaviour
(pilot, controller or anyone
else) negatively. The required
level of concentration cannot
always be reached as one has to
learn how to use the new equip-
ment with all its benefits and
how to pay attention to different
tasks.
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The Central Data Bank (CDB), an Impression

Since we were well briefed on
where to find the CDB, we arrived
there quite easily. We were wel-
comed by Mr. Valdenaire, on be-
half of Mr. Brian Martin, Head of
Operations Department, who was
absent on a mission.

In a well-furnished, pleasant
office we received an introduc-
tion and a short history of the
CDB and the various meetings and
decisions which have led to the
present stage. A great deal of
work has been done already, but
a lot is still pending. After
this introduction we descended
from the 5th floor to the ground
floor to visit the computer and
operations room (IBM 4341 with
the usual additional equipment).
Then we climbed up again to the
5th floor, where the different
possibilities and practical abi-
lities of the system were demon-
Strated.

Very briefly explained, one
can divide the CDB system into
two parts:

1. What one can call an AIS
part, and

2. What one can call a flight-
plan part.

Part 1. The AIS side. At the
initial stage the CDB covers the
following area: the FIRs of the
FRG, Austria, Yugoslavia, Greece,
Switzerland, Italy, Spain and the
Canaries, Portugal and the Azores,
France, Belgium, UK, the Nether-
lands and Denmark. Within this
area, over 1500 aerodromes, over
1500 navigation aids, 600 way-
points (intersections), 1000 ATS
routes, 40.000 standard routes
and 850 sectors.

Of all these aerodromes, navi-
gation aids, way-points and sec-
tors basic information is avail-
able, such as: geographical coor-
dinates, main runway (statisti-
cally the one mostly used), dis-
tance from the main approach fix
to the main-runway, possible sec-

by Bob van der Flier

tors (low, middle, high) with the
vertical limits, areas, hours of
activation (e.g. airways being
used only once a month), service-
ability. Furthermore, availabili-
ty of flight levels per route or
route-segment (level allocations).
Standard routes refer to all stan-
dard connections between any pair
of aerodromes. In addition speci-
al tables are available with aero-
dromes outside the CDE area to
enable the connections to or from
entry or exit points of the CDB
area (e.g. USA aerodromes for
transatlantic flights to be con-
nected to the different transat-
lantic exit points (eastbound
flights) which in turn allows for
a connection to the specific air-
ways used thereafter to the indi-
cated aerodrome of destination).

Many problems were encountered
with the different abbreviations
of the navigation aids, being
used several times over the whole
of Europe, or (weekend and white)
airways with the same designators
in different countries. Mcreover
airways used in one way in one
country, two way in another coun-
try or not used at all in a parti-
cular sector due to the vertical
limits.

All this information is gath-
ered from 35 AIPs and kept up to
date by information received thro-
ugh Class II Notams, AICs and
AIRACs.

Part II. Flight plan infor-
mation. Either derived from the
ABC-manual, RPL, FPL or mailed
listings and active for example
during one, two or three days a
week or on a daily basis. When
made known, they are in the com-
puter files. Together with that
as basic information, the com-
puter carries tables of aircraft
performances (standard), all dif-
ferent types of aircraft used in
world aviation (e.g. B707 is
known as a 707-200 or 707-300,
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701, 702, 703, military, passen-
ger, freight or combined wversion;
each individual type with differ-
ent performances and different
maximum £light level in short
haul or long haul version, and

so on).
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The hounly Zrafiic counts as
neply to the requesi above.

A combination of the data
available through the above men-
tioned parts 1 and 2 makes it pos-
sible to count the number of fli-
ghts per area, per sector, per
airway (or even part of an air-

. way), per FL and per navigation
aid or way-point. In other words,
with the data made available it
is possible to show information
such as load figures per area,
sector, aerodrome, navigation aid

or route (segment) for any hour
of the day. A further sub-divi-
sion is possible by showing the
amount of aircraft foreseen on a
route from A through point X at
FL Y to B between hour n and hour
n+i (i=anything up to 24 hours;
e.g. the amount of flights from
EGLL to EDDM via NTM at FL 330
between 12.00 and 13.00 for a
certain day).

I3 OF BY sesseseese TRAFFIC LISTING PR 10:00 T 1,0
AN == TR

FL-TOP assy @
THETHOLD ==y 010 FL-BTH wun) 955 COLWT samy |

CEMTET == L= o= e ol == DR~ DG = =FL o= | = =EMTHT = = o e o Al - D DS - = F -+ -
1018  ENI0D BTOT ERER LIRF 000

A FROA mand LMO M0 ssss o

By sefecting hourn 10 on the pre-
vious display (S) all fLight data
of the traffic in that penrdiod
willf be made avaifable,

Specially mentioned are the
difficulties in respect of the
different "languages" used in
world aviation. For instance
different abbreviations for aero-
dromes, types of aircraft and
company names in ICAO and IATA
language. Having regard to the
possible different users in the
operational stage later on, it is
observed that some are only fami-
liar with one language and not
with the other. Therefore the dif-
ferent possibilities are indica-
ted in the computer files.

Having indicated only a little
of the information that can be
made available and without going
too much into detail, the ques-
tion remains who can do what,
where and when with these possi-
bilities of the CDB?

Mainly there are two types of
users:
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a. Flow Management Units or
Positions:

1. These units will have an up
to date file for the whole of Eur-
ope in respect of Aercnautical
Information (use of airways, stan-
dard routes, route orientation,
FL allocation scheme, etc.) to
facilitate re-routing depending
on the availability of alterna-
tive routes.

2. Air Traffic load figures
for whatever area, aercdrome or
point in Europe for strategical
use, which may lead tc tactical
measures (restrictions) as appro-
priate.

3. Replacement of departure
lists, Traffic Flow Information
Service (TFIS), traffic predic-
tion schemes, etc., to allow pre-
planning and early warning on
possible congestion or traffic
separation problems.

b. ATC units:

1. As mentioned under a.2 and
3 above, to evaluate expected
traffic loads, which may lead to
tactical measures.

2. To better utilize available
personnel (e.g. swap people from
a swing to a morning duty, to bet-
ter handle an early morning peak),
or to collapse or de-collapse sec-
tors well in time, as appropriate.

3. Eventually to evaluate the
necessity of re-alignment of sec-
tors, implementation of dualized
airways, etc.

To come to a final conclusion,
I would like to state that this is
a very sophisticated tool for the
aviation world, be it flow manage-
ment units, ATC units, or any
other organisation that might be-
nefit from it in the future. This
is in fact the standard toocl we've
been waiting for for a long time!

3x—

Weth, Sangersstraat 57
6191 NA BEEK
(next to Makado)
Tel. 04402-76828

carwash

Carwash is a contemporary | price,
manner of carwashing.

A safe machine which -
guarantees the best
turnout of your car.

For only f 9,25 your car

is pampered with generous
guantities of shampoo

and water.

Thereafter provided with
a protection washcoating.

assembly.

discount.

exhaust

Check it out:
200/ discount plus free marks

A pleasant surprise!

Own assembly 400/a

MAASTRICHT
Fort Willemweg 12
Tel. 043-13447

For a new exhaust see
Janik Jamrozik.

For every car the suitable
exhaust in stock.

Quick service for a low

Michelin .......
Vredestein......
Good Year......
Several other

.......

Assembly and whesl-
balancing FREE when
purchasing tyres.

Wheel-alignment with
computer,

Use of a special 10 wash
card reduces the cost to
only f 7,60 per wash.

READY WHILE YOU
ARE SHOPPING

OO
vaco —

specialists guarantee
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Accident Report DC9 Inex Adria
Ajaccio 1st December, 1981

The original report of the French and Yugoslav investigation team is a
document of 31 pages, published in the "Journal Officiel de la
République Frangaise", 7th December 1983. Although I've tried to be as
accurate as possible the following is only a Summary and a Translation
of the original report and should be treated as such.

Aircraft: DC9-82, Inex Adria
YU-ANA, brand new, 683 hours
since the first flight on
1l1th August, 198l1. Seating
capacity 167. R/T call sign:
JP 1308.

Pilots: Captain - 55 years old;
total flying hours: 12.123,
of which 5.675 hours on DC-9
and 188 hours on DC9-82.
Co-pilot - 40 years old; total
flying hours: 4.213, of which
756 hours on DC-9 and 288
hours on DCY9-82. Both were
fully licenced and medically
fit.

Controllers: 2 controllers were
on duty that morning.

APP Contreoller: 24 years old,
qualified TWR since 20 DEC 80
and qualified APP since

4 NOV 81.

2nd Controller: acting as
assistant, 29 years old,
transferred to Ajaccio in

AUG 80, gualified APP since

26 NOV 80. Both were qualified
and medically fit.

Passengers: 130 charter passen-
gers plus 43 employees of Inex
Adria or Kompass Travel Agency
(organisor of the flight) and
members of their families.
There were 2 pilots, 4 stew-
ardesses and 1 ground engineer
on the crew manifest. Total
persons on board: 180, all
killed.

Navigational aids: AJO VOR/DME,
FGI VOR, FA NDE, the radio-
beacons IS, CT, RO and the ILS
were functioning normally.

Weather: Strong wssterly winds
(at FL100: 280 édD-EG kts, on
the ground: 280 /16-20 kts),

¢louds in the mountains and
clear over the sea. Not un-
usual for that time of the
vear in Ajaccio.

Controller Workload: The control-
ler had only one aircraft
under control (JP 1308) at all
times.

TRANSCRIPT R/T RECORDING AND

COCKPIT VOICE RECORDING (CVR)

Legend:

normal typing R/T recording

CAPITALS CVR (in Serbian)

CAPITALS : Ground Proximity
Warning System
(GPWS)

* : unreadable part

! pause

07.47.10. = JP: Bonjour Ajaccio
Adria JP 1308 we are level 110
approaching Ajaccio VOR and
further descent.

07.47.22. - APP: JP 1308, Ajaccio
Approach, goced morning, number
1 in approach, you maintain
FL110 until you reach AJO VOR,
it will be for a procedure
from the VOR, QONH 1009, QFE
1008, wind is 280 degrees for
20 knots. Runway 21 in use,
you report over AJO VOR and
then descending over AJO VOR.

07.47.57. - JP: Roger, sir, that
means we are maintaining 110
until AJO VOR. In holding pat-
tern we'll have to descend. At
the moment maintaining 110.
Runway 21 in use, wind is from
180-20 knots, ONH 1009.

07.48.16. - APP: Ah ... I confirm
the surface wind is 280-16
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knots now and the wind is from
26 for 280-20 knots.

07.48.30. - JP: Thank you, copied
weather and wind, call you
over Ajaccio in holding.

07.49.31. - JP: Just Ajaccio VOR,
level is 110 in holding pat-
tern.

07.49.36. — APP: Roger, 1308 re-
port leaving AJO on radial
247 for £final approach.

07.49.44, - JP: OK sir, we are
just over Ajaccic VOR and we
are requesting further des-
cent.

07.49.52. — APP: 1308, you are
cleared to descend to 3000 and
XXXXX (unreadable, could be
300 feet), QONH 1009 on the
radial 247 AJO and you report
leaving AJO.

07.50.05. — JP: Roger, will do.
We are leaving 11 for 3000,
radial 247, out of 110 QNH
repeat again, 1009.

CVR2: RADIAL 247.

CVRl: = YES AND =

07.50.14, - APP: I confirm QNH
1009.

07.50.19., - JP: ... 09, and we
are holding over Ajaccio, call
you inbound on radial 247.

07.50.28. - APFP: Roger.

CVR2: % WE WILL LIKE % YES, LIKE
THAT =%

CVRl: %= YES, YES, YOU MAKE A
TURN, AND WE WILL GO LIKE THAT
AROUND AND THERE %

CVR2: % 47 =

CVR1l: % YES =

CVR1: % IF WE CANNOT = 3000, 1009
% OK?

CVR2: = 09

CVR1l: = WE ALSO HAVE TO MAKE A
CHECEK LIST

CVR2: WE ALREADY HAVE IT

CVR1l: HA * WHAT IS YOUR TIMING?

CVRZ2: ONE MINUTE? ONE MINUTE AND
SEVEN SECONDS LESS

CVR2: *® EXTEND =

CVR2: %= ... SLAT EXTEND

CVR2: % ... FLAPS?

CVR1: YOU HAVE THAT? WE ARE HIT-
TING INTO CENTER

CVR2: = .
CVR1: = I DIDN'T ALTIMETRE SET-
TING %

CVR2: = OUT?

CVR1: NORMALLY 40 SECONDS LET'S
HAVE SLATS EXTENDED

CVR1: AND FLAPS?

CVR2: ELEVEN * TIME TO OUT =%

07.52.15. = JP: We are rolling
inbound out of 6000.

07.52.21 - APP: Roger, 1308,
report turning inbound.

07.52.25, = JP: Turning inbound
to Ajaccic because at the mo-
ment we are in clouds.

CVR2: ICING * TEMPERATURE LOW

CVR1l: OUT % FOUR % OUTER MARKER
STAND BY =*

07.52.30 - APP: Roger, 1308 re-
port CT on final, surface wind
is 280 degrees 20 kts.

CVRl: = CT, IT IS THIS *

CVR2: = IT IS THIS * YES

CVR1l: % WHAT?

CVR2: FIRST %= IN AJACCIO =

CVR1l: YES

07.53.08. - GPWS: TERRAIN, TER-
RAIN, TERRAIN

07.53.09. - APP: 1308, it will be
as you want left hand circuit
runway 21 or right hand cir-

cuit.
GPW5: PULL-UP, PULL-UP
07.53.17. - CVR1l: POWER
GPWS: PULL-UP, PULL-UP
07:53:20 . = iwiainn CRASH cocsss
07.55.00. - APP: JP 1308, your
position?
07.55.10. - APP: JP 1308, your
position?

07.55.23. - APP: 1308 your posi-
tion please?

07.55.37. - APP: JP 1308, your
position?

07.56.00. - APP: 1308, your posi-
tion please!

07.56.10. - APP: 1308, your posi-
tion!

07.56.40. - APP: 1308, Ajaccio
approach, what is your present
position?

07.58.12. - APP: JP 1308, Ajaccio
approach!

ANALYSIS AND CONCLUSIONS

- The phrase "it will be for"

in the first communication of the
approach controller, is not suit-
able for the issuance of a clear-
ance (like "report descending"

An enlarngement of the Jeppessen Approach Chant is included for the
purpose of {LLustnation [(see also nearn covenl.
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JEPPESEN 26 sep 80 (11-1) IEEES AJACCIO, FRANCE
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|
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I MOTE: Finel approach based on max 180 KT TAS . Non-precision approach: Descend on final not below ILS glide slope.
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doesn't imply that a clearance
for descent has been issued).

- The message "we are leaving 11
for 3000, radial 247" could have
made the controller to believe
(like he will declare later) that
the aircraft had left the VOR on
radial 247.

- By saying "we are holding over
AJO, call you inbound on radial
247" the pilot probably meant to
say "call you inbound (towards
the VOR) on radial 247", whereas
the controller probably under-
stood "call you inbound (to the
field) on {the) radial 247".

‘2592 feet

A 736

/

ALTR: 6800

GO

A

- The crew has used the Jeppes-
sen Approach Chart on which the
approach procedures and its exe-
cution are depicted faultlessly.
It is alsoc clearly indicated that
AJO VOR should not be overflown
at altitudes below 6800 feet.
Although the Mt. San Pietro is
marked correctly, no additional
warning is given with reference
to the mountains in close wvici-
nity of the holding pattern.

- Nothing in the Cockpit Voice
Recordings indicate that the
pilots have paid particular at-
tention to the minimum safe

/
i 2914’feet

/
/

A ?{? feet
/

Protection
210 kts

4587 feet
“Crash site

I
4
’

== mm we w= wm= Path actually flown by JP1308.

The aircraft started its last turn at an altitude of 6600 feet with a
rate of descent of 2200 feet per minute and a rate of turn of 2 degrees
per second. From 07.52.26 heavy (increasing) turbulence was recorded

until impact.
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altitude and the maximum protect-
ion speed.

- Investigation of the R/T re-
cordings has revealed that:

{(a) many misunderstandings
arose from the use of
abbreviations and incor-
rect ambiguous language,

(b) the controller could not
follow the progress of
the flight and did not
realize that he misunder-
stood the messages from
JP 1308.

- The clearance to descend to
3000 feet was in accordance with
the existing rules.

- The crew might have given a
wrong interpretation to the term
"radial 247", by including the
route segment which extends to
the north-east of the VOR and
marked with 247°.

— The pilot did not initiate an
avoiding manoeuvre at once after
intervention of the GPWS alarm.
The GWPS gave ground proximity
warnings for 13 seconds before
the left wing collided, in a turn,
with the summit of the mountain.
The insufficient attempt to re-
duce the vertical speed or even
to regain altitude was, in addi-
tion, hindered by downdraughts in
a zone of turbulence.

- Except when the aircraft is
proceeding on radar vectors, it
is the pilot's responsibility to
provide separation with the ter-
rain.

- When overflying the AJO VOR
the indicated airspeed was grea-
ter than the maximum protection
speed of the holding pattern. Ad-
justments to the wind were not
appropriately applied.

CAUSES

- The descent under instrument
conditions below the published
minimum safe altitude.

- The attempt to regain altitude
was insufficient in view of the
downward currents in a mountain-
ous area with strong winds.

OTHER FACTORS
The investigators indicated
that a concurrence of other cir-

cumstances have contributed to a
situation which the crew could
not master anymore:

= The crew did not apply enough
precision during the approach and
moreover, the presence of a child
in the observer's seat distracted
the crew's attention.

= Misapprehension brought about
by ambiguous pilot/controller
communications could have inter-
fered with the crew's vigilance.
The controller did not have an
accurate indication of the
flight's progress and did not
intervene when the pilot reported
"eall you inbound on radial 247"
and then "rolling inbound out. of
6000". If those calls would have
been interpreted better, it
could have indicated the ambigui-
ty of the first situation and
that an abnormal and dangerous
situation existed after reception
of the second message.
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- The custom to issue clearances
which take into account the mini-
mum safe altitude could be a mo-
tive for some pilots to take less
account of these safe altitudes.

- The Jeppessen chart depicts a
holding pattern flown under no
wind conditions with a speed of
150 knots. In reality the dimen-
sions of the pattern would be
much greater if the aircraft pro-
ceeds at higher speeds.

RECOMMENDATIONS

l. Training programmes of flight
crews should stress the need for
methodical reviews of procedures
in the take-off and the approach
phase.

2. The implementation of stand-
ard phraseology to prevent mis-
understandings should be accel-
lerated.

3. The term "RADIAL" still leads
to misapprehension.

4. It is dangerous to employ the
terms "INBOUND" and "OUTBOUND" on
their own.

5. Flight crews should be remind-
ed that approach clearances don't
take account of minimum safe al-
titudes (except when radar vec-
tors are given).

6. Controllers and pilots should
be familiar with each others'
working conditions. FAM-flights
should be encouraged and included
in training programmes.

7. The approach procedures of
Ajaccio have to be reviewed in
order to allow for an approach
executed over sea.

8. Design and symbology of ap-
proach charts should be re-
examined. Presently approach
charts do not provide a true pre-
sentation of the area covered by
an aircraft flying at maximum
protection speed. The highest
obstacle should be marked with an
appropriate symbol.

Philippe Domogala

Instilux - 2 Simulator

Since 1970, the EUROCONTROL
Institute in Luxembourg carries
out training in all areas related
to Air Traffic Control (ATC) such
as basic and advanced controller
training, technical training for
engineers on current and future
ATC equipment, and courses on the
introduction of computers and
programming into ATC services.
The latter is particularly rele-
vant as the Institute itself in-
stalled, in 1971, a computer and
display system, the Instilux-l
simulator, so that ATC controller
training could be made under sim-
ulated control room conditions.
Since then the simulator, repre-
senting the "heart" of the Insti-
tute's training programme, has
supported instructor and manage-
ment training courses.

Since the early days the In-
stitute has developed its train-

by Jerry Watson

ing program to keep up with
requirements and the developments
generally taking place in the ATC
field. New courses were intro-
duced some of which were develop-
ed, using the Simulator, in order
to teach not only basic but also
advanced ATC control procedures.
Here special simulation exercises
were introduced in order to teach
particular skills, involving
computer-aided-instruction (CAI)
techniques.

After more than 10 years use
of the computer and display hard-
ware, the original simulator is
fast approaching the end of its
useful lifetime. The technology,
capacity and flexibility, both
software and hardware, no longer
correspond to todays standards.

In the framework of the long
term planning for the Institute
it was therefore decided in 1979
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to re-equip the Institute with a
new computer and Input/Output
equipment and moreover, in order
not to perturb the course pro-
gram, to house the new equipment
in an annex to the main building.
This annex also has a separate
Simulation Room and aircondition-
ing facilities.

The Call-for-Tender for the
new equipment was started in 1980
and in September 1983 the first
phase of the hardware installa-
tion was terminated. This inclu-
ded the main computer complex and
two test-and-development posi-
tions upon which the preparations
for software production was star-
ted. A second phase takes place
in spring '84 when 6 completely
equipped working positions will
be installed in the simulation
room and in spring '85 the final
hardware delivery of & further
working positions will be made.
The target date for first release
of the Simulator for operational
evaluation is February 1986.

Before describking in more de-
tail what the essential charac-
teristics of the new Simulator,
Instilux-2 with respect to Insti-
lux=-1 will be it should be brief-
ly described what an ATC simula-
tor does.

The principle purpose of an
ATC simulator is to present to a
trainee controller a working en-
vironment as similar as possible
to the real-life environment to

be found in an ATC control centre.

Such an environment for an indi-
vidual controller consists of 4
items:

1. the working position at which
he sits, with the relevant hard-
ware devices, e.g. Radar Screen
(SDD) , Tabular Display (EDD),
Touch Input Device (T.I.D.), Key-
board (KYB), Display Control
Panel (DCP) and Rolling Ball
(RLB) ,

2. the means of communication
with adjacent working positions,
3. the facilities allowing him to
display in wvarious forms, data
concerning aircraft he is con-
trolling, and

4. the means of communication
with aircraft under his control.
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Items 1), 2) and 3) can be in-
stalled in a simulator as they
are in any control centre. How-
ever item 4 is where an ATC simu-
lator diverges from real-life. A4
trainee controller cannot commu-
nicate with a real aircraft pi-
lot; he must communicate with a
"Simulator Pilot" located in the
same room as the trainee and sit-
ting at a similar working posi-
tion to his own. In addition, the
data which the trainee can see,
concerning an aircraft, do not
come from real radar responses or
real flight plans. Instead they
are derived from prepared data
contained within Simulation Plans
and kept dynamically updated.
They can then be displayed in as
close a representation as pos-
sible to that seen in a normal
control centre.

The simulator pilot and the
simulator programs therefore com-
bine, in order to give the
trainee a picture of the air
traffic situation as realisti-
cally as possible.

The trainee is not working
alone but within an airspace
environment involving traffic,
adjacent working positions,
"pilot" positions and data des-
cribing the airspace region.

This environment constitutes what
is called a simulation exercise
which is run over a given time
period (normally lasting between
320 minutes and 2 hours).

In live systems the majority
of improvements made concern the
working procedures, data process-
ing and display functions within
the centre. The traffic flow, the
airspace structure and the adja-
cent working environment for a
controller suffer few modifica-
tions. For an ATC simulator of
the type used in Luxembourg the
opposite is true. The individual
controller actions are more im-
portant than the overall inter-
centre working procedures and
traffic plan and airspace des-
criptions have to be modified
frequently to comply with various
customer and instructor require-
ments.

The new Instilux-2 simulator,
therefore consists of the follow-
ing elements.

1. The main computer complex
(MCC) providing the main compu-
ting power.

2. The display computer complex
consisting of 12-14 working posi-
tions each containing a computer,
called a working position proces-
sor (WPP).

3. The telecommunication system
simulating Air-Ground and Ground-
Ground communication links.

4. The programs, or software,
which run in MCC and WPP compu-
ters.

Below is a schematic diagram
of the Instilux=-2 hardware confi-
guration.

The Instilux-2 Main Computer
Complex (MCC) consists of a
VAX 11/780 from DIGITAL Equipment
Corporation (D.E.C.) with 2 Mega-
bytes of main memory and 256 Mega-
bytes of disc memory. The compu-
ter is classed in the category of
"large mini" and has approximate-
ly the computing power of one of
the main computers in a live
centre. A computer of this cate-
gory was chosen not only for its
high computing capabilities but
also because of the extensive
range of standard software avail-
able for a variety of uses.

The display complex as can be
seen from the diagram consists of
fourteen working positions, each
consisting of a number of peri-
pheral devices.

The two Test and Development
positions have standard periphe-
rals to allow efficient program
production activities. Apart from
this all 14 working positions are
fitted with the same peripherals
and the same display computer,
i.e. D.E.C. PDP11/23+. This com-
puter belongs to the small mini
or microcomputer class and be-
cause of its Input/Output facili-
ties it is suited to tasks such
as the collection of inputs and
display of output data to and
from a wide range of peripherals
using proven standard software
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for task scheduling and resource
management.

The peripheral devices attach-
ed to each display computer are
those typically found in live
systems, namely:

1. An Electronic Data Display
(EDD) allowing the display of
tabular data to a maximum of 24
lines of 80 characters (D.E.C.
VT220).

2. A keyboard. This keyboard,
together with the EDD, form a
standard input terminal unit.
However, the keyboard in Insti-
lux-2 is planned to be used as a
supplementary input device to the
TID below.

3. A Touch Input Display mask
(TID), (SORED, France). This
device consists of a plastic
"screen" which is stuck on to the
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surface of the EDD screen. If
touched by a finger or any other
object anywhere on its surface,
an attached microprocessor gene-
rates the x,y coordinates of the
touched point and sends them to
the WPP. It has a high precision
and has the advantage over the
conventional fixed wire touch
devices that the touch sensitive
areas can be controlled by soft-
ware and adapted to any relevant
display format. On conventional
devices the inverse is true, i.e.
the display format has to be ada-
pted to the fixed position of the
limited number of wires or touch
points. Because of its flexibili-
ty this device is going to be
used as the primary input device
at simulator working positions.
4, A display control panel (DCP),
(BECKAERT, Belgium) which is a
function keykoard to be used in
conjunction with the SDD below.
It contains 36 buttons, each con-
taining a lamp which can be acti-
vated by software. Software func-
tions are alleoccated to the but-
tons which enable working posi-

AL T

The Instilux-2 compuifen centhe.

tions' operators to modify, by a
single action, the status of the
data displayed on the SDD.

5. A Synthetic Dynamic Display
(sbD), (Graphic 7 from CALCOMP-
SANDERS) upon which the computer
generated traffic situations will
be visible in raw and/or synthe-
tic video form. This display de-
vice contains its own program-
mable microcomputer and picture
repetition memory of 16K Bytes.
The high I/0 load for the repe-
titive output of data is there-
fore transferred from the WPP to
the SDD itself.

6. A Rolling Ball (RLB) is linked
to the SDD. It is used for the
designation of Plots and Tracks
etc. on the SDD. The x,y coordi-
nates will be requested by the
WPP when required.

The Main Computer is linked to
all WPPs by an ETHERNET local com-
munication network. Such a link
represents the latest state of the
art in local intercomputer connec-
tions. It is a highspeed link en-
abling individual and broadcast
message transfer and allowing sim-
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plified software communication
logic within the Main Computer
and Working Positions.

The ETHERNET concept is at
present being standardized at an
international level and this to-
gether with the fact that the ma-
jority of the Instilux-2 equip-
ment, described above, is widely
used off-the-shelf technology,
guarantees a satisfactory degree
of flexibility for the future.

The telecommunication system
(MBLE, Belgium) allows at each
working position a ground-ground
communication link with up to 12
other working positions and an
air-ground communication link on
one of three frequencies. The
telecommunication system is micro-
processor controlled so that set-
ting up can be made either manu-
ally using a specially designed
command language or automatically
from the main computer complex.

The programs which will exe-
cute in the MCC and WPP computers
reflect the requirements expres-
sed by the customers. It is here
that we have to describe the dif-
ference between the operational
characteristics of the Instilux-2
and the existing simulator.

The first requirement for
Instilux-2 is that its operation-
al capabilities should be the
same, if not then similar, to
those of Instilux-1. These can be
perhaps summarized as follows:

1. capable of simulating 60 air-
craft simultaneously

2. simulation of 2 radars

3. 6 controllers and 6 pilot
positions

4. display of traffic in raw
video or synthetic form

5. capable of allowing various
types of simulation exercises,
viz. Global, Individual, Compu-
ter Aided Instruction

6. limited flight plan process-
ing capability

7. simulation of Meteorological
conditions.

It should be noted that at the
time the Instilux-1 simulator was
implemented the widespread use of
computer aided Air Traffic Cont-
rol was in its infancy. Since
then the methods and terminology
in both Flight Plan and Track
processing have developed. The
Instilux-2 application package
will reflect these developments.
In particular we should mention:

= multiradar tracking

= auntomatic code allocation

-’ sectorization

= controller - computer

conversations.

Therefore for the experienced
simulator operator the only dif-
ference that should be noticeable
is that the traffic behaviour and
the operator-computer interfaces
resemble reality more than in the
past.

The second requirement for
Instilux-2 is that, for staff
managing simulations such as Ins-
tructors, Data Preparation Staff
and 'Pilot' operators, the system
should be far more "user-friendly
than in the past and here it is
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intended to make full use of the

inherent hardware and standard

software flexibility available.
The user friendliness of

Instilux-2 will be improved with

respect to the previous simulator

in the following areas:

1. The preparation of data for

simulation exercises.

2. The set-up procedure at exer-

cise start time.

3. The freezing and replaying of

exercises.

4. The post exercise analysis of
simulations.
5. The 'pilot' operator inputs.
6. Concurrent execution of pro-
duction and simulation tasks.

In the past the preparation

and management of the large
amount of data necessary for an
exercise was handicapped by the
limitations of the hardware and
software available. Some of the
Instilux-2 improvements in the
data preparation area will be:
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a) Preparation data processing
can be made whilst simulation
exercises are taking place ins-
tead of before or afterwards as
in the past.

b) Two types of data preparation
input can be made, the so-called
'mass input' designed for the in-
put of large amounts of data by
experienced input operators and
the 'conversational' input des-
igned for the use of users such
as instructors who wish to modify
single elements of a particular
data file infrequently.

c) The extension of data prepara-
tion to include limited simula-
tion facilities so that traffic
definition can be validated
during preparation without invol-
ving a full scale simulation
exercise.

The new preparation facilities
involve the extensive use of the
D.E.C. standard software packages
Common Data Dictionary (C.D.D.),
DATATRIEVE and Forms Management
System (F.M.S.). Both DATATRIEVE
and FMS have standard software
interfaces for use with D.E.C.
PASCAL, the programming language
being used for the production of
all application software.

The set-up procedure at exer-
cise start time will be improved
such that the configuration of
working positions can be chosen
by the instructor, as well as
which traffic samples are to be
used. Here, due to the fact that
all working positions have the
same equipment and that several
exercises may run in parallel, it
will be possible for the user to
select a convenient subset of
working positions rather than
sticking to a fixed configuration
as in the past.

Functions which improve the
educational use of a simulator in
training are the freeze, backstep
and replay functions in order to
examine behaviour or to correct
mistakes. Such functions are only
useful if they are fast and effi-
cient to use and they will be
designed accordingly in Instilux-
2.

An important post-simulation
activity is analysis of results.
The facility of data collection
for analysis is only used in
Computer Aided Instruction
(C.A.I.) simulations at present.
This concept will be extended in
Instilux-2 such that continuous
data recording coupled with app-
ropriate analysis and print pro-
grams will enable post simulation
analysis of all significant
events.

The pilot operator inputs fore-
seen for Instilux-2 represent a
departure from the classical key-
board input method in that they
will be designed around the use
of touch input trees, using the
new touch masks overlaying the
EDD. Here we expect an overall
improvement of "Piloting" ac-
tions due to the improved flexi-
bility of the hardware and back-
ing software.

In the past the limiting capa-
city of the Instilux-1 computer
prohibited the concurrent execu-
tion of program production and
simulation tasks. Even different
types of simulation exercises
could not run concurrently. How-
ever, due to the increased power
and standard software facilities
of the VAX 11/780, it will be
possible to run both simulations
and various other production
tasks simultaneously. It will
thus be possible to approach the
software production efficiency of
those centres which have a sepa-
rate standby system available for
production. The size and capacity
of Instilux-1 prohibited this in
the past.

In conclusion, the Instilux-2
system when entering operation in
1986 will offer a range of impro-
vements for both students and
instructors as well as represent
in both hardware and software a
powerful enough configuration to
enable us to keep abreast of
developments in real A.T.C.
centres.
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An Aircraft Encounter with a Tornado

This report written by W.T.Roach and J.Findlater (Meteorological
Office, Bracknell) was published in the Meteorological Magazine in
February, 1983 (Vol. 112). Evidence is presented which supports the
claim that the loss of an aircraft near Rotterdam was due to an
encounter with a tornado. The discussion of the associated meteorolo-
gical situation is not reprinted in total, nor is the computation of
the probability of an encounter with a tornado included.

Permission to reproduce this article was granted by the controller

of Her Majesty's Stationery Office, Norwich.

1. Introduction storms in the area and the air-
At 1604 GMT on 6 October 1981, craft, flying at 3000 ft (900 m),

a Fokker F-28 aircraft (PH-CHI) entered one of them a few minutes

took off from Rotterdam en route after take-off. After a short

to Eindhoven. There were thunder- period of moderate turbulence in

(o)

Figure 1. Drawings based on and the corresponding photographs 1, & and
76 of fhe senies taken 4rom the police Launch. The fabelling 4i& explain-
ed in the text. Fig. 1(e) shows the cloud of smoke efected from the
aincragt crash,
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cloud, the aircraft suddenly en-
countered extreme turbulence in
which the starboard wing was
detached and, at 1612 GMT, the
airecraft crashed near Moerdijk,
about 25 km south-south-east of
Rotterdam, with the loss of all
occupants.

It soon transpired that a tor-
nado was reported just west of
Moerdijk a few minutes before the
crash, and in fact a police
launch travelling east along the
Hollandsch Diep had not only
taken a series of photographs of
the tornado, but also - less than
a minute later - of the cloud of
smoke rising from the aircraft
impact explosion. This, together
with other evidence provided by
the Director of the Aeronautical
Inspection Directorate of the
Dutch Civil Aviation Authority
showed that it was very likely
that the aircraft encountered
the tornado circulation in cloud
shortly after the tornado funnel
had lifted from the ground.

The flight safety implications
raised by this incident led the
Dutch and British Civil Aviation
Authorities to ask the United
Eingdom Meteorological Office to
assess the probability of a tor-
nado encounter in flight, and
whether it was necessary or pos-
sible to make special arrange-
ments to forecast tornadeo condi-
tions.

Since, as far as we are aware,
this is the only case of an air-
craft encounter with a tornado
whilst in flight for which it so
happened that adequate evidence
was available, the Dutch Civil
Aviation Authority agreed that an
account of the incident should be
published after the findings of
the official enquiry were relea-
sed.

2. The evidence for tornado
encounter
The evidence for encounter of
the F-28 aircraft with a tornado
is based on the following mate-
rial kindly provided by the Dutch
Civil Aviation Authority:

(a) Fifteen prints of the Moer-
dijk tornado and two prints of
the aircraft explosion cloud ta-
ken by a police launch on the
Hollandsch Diep. (See Fig.1l.)

(b) Two colour prints of the
same tornado from another site a
few minutes earlier.

(c) A 1:10 000 scale map of the
Moerdijk area indicating the air-
craft track, the location of the
police launch and the position
from which the colour photographs
were taken, with direction lines.
Also indicated is the tornado
track based on surface damage.
(See Fig.2.)

(d) A copy of the flight record
recovered from the aircraft wre-
ckage. (See Fig.3.)

(e) Hourly maps of radar echo
distribution for the period 1300-
1700 GMT on 6 October 1981.

Unfortunately, but not surpri-
singly, the times of the photo-
graphs were not recorded. However,
the lateral movement of cloud
features C; and Cj relative to a
fixed ground point A (Figs 1l(a)
and (b)) enabled a relative time
scale to be assigned to the police
launch prints. Confidence in this
procedure is given by a plot of
the coordinates of C; and Cy ag-
ainst each other which shows an
almost perfectly straight line.
Also plotted against C; are the
coordinates of the bottom (Fg)
and the wvisible top (F,.) of the
tornado funnel. These show rather
more scatter about a straight
line, but indicate that the tor-
nado circulation as a whole was
moving at a roughly constant
speed.

C; and C, are also identifiable
on the prints of the aircraft ex-
plosion cloud. Backward extrapo-
lation of the two explosion cloud
images enables a time of aircraft-
ground impact to be located on
the relative time scale within
fairly narrow limits.

The colour photograph direc-
tion lines drawn on the Moerdijk
map yield an angular calibration
on these photographs of 0.037 ra-
dians per centimetre from which
it appeared that the width of the
tornado funnel near cloud base
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was about 100 m and decreasing,
and the height of cloud base was
about 400 m. The tornado damage
path indicated in the map was
over 300 m wide and showed that
the funnel cloud marks the centre
of a much bigger circulation.
There were no direction lines
drawn for the police launch pho-
tographs, and it proved difficult
to identify surface features
appearing on the prints with
those on the map. However, the
images of the tornado and associ-
ated cloud are of similar size on
both colour and police launch
photographs, and were taken from
a similar distance (about 2 km).
Using this fact, it appears that
building complexes X and Y on the
photographs (Fig. 1) were proba-
bly those marked X and Y on the
map (Fig. 2), and this has been
assumed in the subsequent analy-
sis. The point A marking the left
of the building complex X on
Fig. 1 was directly in line with
the aircraft impact point, and is
thought to correspond with the
point A on Fig. 2.

Figure 2. Sketch map of fornado
ang aincnaft thacks. Labellding
explained in the Text.

The location of the centre of
the tornado circulation at the
time of aircraft-ground impact is
estimated to lie near a on Fig.Z2.

Evidence from the flight re-
corder, (Fig. 3.) has been used
to estimate the location of the
aircraft along its track at 5-
second intervals relative to time
of impact as marked in Fig. 2.
The accelerometer record has been
superimposed on the aircraft
track in Fig. 2. The main 'g-
spikes' are close to the inter-
section of the aircraft track
with the projected tornado track
{(C in Fig. 2.) about 18 seconds
before impact, and to the posi-
tion of impact of the starboard
wing and flap, while the distur-
bance in which the g-spikes are
embedded appears to have affected
about 1 km of the aircraft track.
However, C appears to be ahead of
the estimated centre of the tor-
nado circulation (a) when the
aircraft crashed 18 seconds later.
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The location of this circulation
at the time the aircraft was at C
cannot be directly estimated as
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the speed of the tornado is not
known and the relative time scale
has not been calibrated. However,
there are indirect indications:
(a) The sequence of radar pic-
tures (one of which is shown in
Fig. 4) show that the storm com-
plex which passed over the site
of the accident was moving north-
east at about 20 m/s. It is like-
ly that the tornado circulation
was being carried by the storm
complex at about the same speed.
(b) Reference to Fig. 2 shows
that the funnel cloud was moving
about 50% faster than the police
launch. The inferred speed of
13 m/s for the police launch
seems fast if photographs were
being taken from it, but it may
have been trying to 'keep up'
with the funnel. We consider that
the speed of translation of the
tornado circulation was about
15 m/s.

The estimated position of the
centre of the tornado circulation
when the aircraft was at C (Fig.
2) is probably within 200 m of B.
A circle of 500 m centred on B
intersects the aircraft track
during the latter part of the
most disturbed part of the g-
trace. Hence it appears that the
aircraft probably encountered the
tornado circulation and crashed
as a result.

Finally, the temporary indica-
ted height increase of about
300 metres, due to a recorded de-
crease of pressure of 29 mb, imm-
ediately after the main g-spike
is of interest. This may be part-
ly real owing to the large verti-
cal velocities usually associated
with tornado circulations, and
partly spurious owing to the drop
of pressure within the tornado
and/or rapid altitude changes of
the aircraft after or during the
detachment of its wing creating
anomalous aerodynamic effects at
the altimeter orifice.

3. The meteorclogical conditions
At 1200 GMT on 5 October 1981
a small depression was approach-
ing the north of Ireland from the
west whilst a diffuse warm or

quasi-staticonary front lay close
to the line Lisbon-Paris-Cologne.
A depression west of Portugal in-
duced a wave on the front which
developed and moved north-east-
wards to become centred in the
English Channel by 1200 GMT on

6 October. Meanwhile the asso-
ciated warm front advanced north-
wards across Europe, passing over
most of the Netherlands between
0600 and 1800 GMT. The cold front
of the same depression moved
quickly across the Bay of Biscay
and France, and passed over the
Netherlands between 1500 and

2000 GMT.

Subsequently, the wave depre-
ssion moved over the North Sea
and amalgamated with the Atlantic
depression which had become slow
moving near the north of Scot-
land.

By 1500 GMT rain associated
with the warm front had cleared
from the Rotterdam area which was
then covered by a light southerly
flow of warm moist air with dew-
point temperatures of 15-16°9C.
The cold front was advancing ra-
pidly from the west at about
26 m/s preceded by outbreaks of
thundery rain and thunderstorms.
Observational evidence indicates
that the area of thundery acti-
vity ahead of the cold front was
typified by generally stronger
surface winds, a reduction in
the fall of pressure and a dis-
tortion in the surface pressure
field. The characteristics sug-
gest that cold air was overrun-
ning the surface cold front in
the lower levels.

The upper cold front, herald-
ing the arrival of thunderstorms,
crossed the accident site at
approximately 1545 GMT and the
surface cold front passed the
same site at about 1640 GMT bring-
ing clearing weather.

The only relevant autographic
records near the observed tornado
track or the scene of the accident
were from an anemograph situated
at an air pollution monitoring
station at point B in Fig. 2. A
reproduction of the records of
surface wind direction and speed
is shown in Figs. 5(a) and (b).
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(a) (b)
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The record shows increasing
wind speeds between 1535 and 1545
GMT with a gradual veer of sur-
face wind from east of south to a
little west of south, probably
due to the downward transfer of
momentum from the increasing
south-westerly winds above the
surface as the upper cold front
passed. A second increase in wind
speed occurred between 1640 and
1650 GMT and the wind wveered to a
westerly at 1650 GMT as the sur-
face cold front passed. Between
these two events lighter surface
winds of about 4-7 m/s obtained
and marked directional changes
took place. These directional
changes are analysed in Fig. 5(c)
and sketched streamlines suggest
that a tornado cyclone passed the
station between 1612 and 1622 GMT
disturbing the generally south-

westerly wind field, and that a
cyclonically rotating vortex pas-
sed a few hundred metres to the
north of the anemometer site at
1619 GMT. It has been shown ear-
lier that the aircraft intercep-
ted the tornade circulation in
cloud within a minute of 1612 GMT
when the tornado funnel had lifted
from the surface. The assumed
speed of that tornado, though dis-
sipating at the surface, would
have placed it a few hundred me-
tres to the north of the anemome-
ter site at about 1613-1614 GMT
some 5-6 minutes earlier than a
vortex was deduced to have passed
there. However, there may be an
error in the timing of the anemo-
graph record or there may have
been more than one tornado or
vortex in the wider area of the
tornado cyclone. Indeed, eye-
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witnesses, and one photograph,
give evidence of two tornado
funnels in the area just before
the accident.

An area of maximum convergence
passed close to the accident site
shortly after 1500 GMT. The deve-
lopment of convergence was asso-
ciated with a zone of cyclonic
vorticity. A line of maximum
vorticity can alsoc be discerned
in association with the cold
fronts, and this line passed ac-
ross the accident site with the
cold fronts. It can be deduced
that the area and line of maxi-
mum cyclonic vorticity resulted
in surface convergence which in
turn contributed to the release
of potential and latent instabi-
lity.

It is evident that this area
was centred somewhat behind the
upper cold front and ahead of the

surface cold front. The centre of
the area passed between Rotterdam
and the accident site at about
1600 GMT and one of the radar
images from De Bilt at this time
is shown in Fig. 4, on which the
frontal positions have been
superimposed. The position of the
jet axis at 850 mb at the same
time is also included. The centre
of the area of maximum conver-
gence passed to the south-east of
the accident site between 1500
and 1600 GMT.

The radar images taken from
De Bilt at hourly intervals indi-
cated that the organized thunder-
storm cells associated with the
area between the surface and
upper cold fronts were moving at
about 25 m/s past the south and
east of the accident site, whilst
those passing to the west and
north of the site were travelling
at about 17 m/s. Since the acci-
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Figure 5. Radar images of radin areas necorded at the De Bilt at 1600
NT on 6 Octoben 1981. Frontal positions and Lthe jet axis ai 850 mb

are superimposed.
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dent site lay on the northern
flank of the jet axis at low
level in the zone of pronounced
cyclonic shear, and hence in a
region of cyclonic vorticity, up-
ward motion and the subsegquent
release of latent heat and poten-
tial instability would further
locally intensify the low-level
convergence and lead to the con-
centration of cyclonic vorticity
with which tornadic storms are
associated. In these circumstances
tornado cyclones form, with dia-
meters typically of 5-40 km, and
may contain one or more actual
tornadoes.

It was reported that a hook-
shaped radar echo was visible on
a photograph of the De Bilt radar
image at 1600 GMT in the southern
part of the large echo which ad-
joins the accident site in Fig.4.
Hook-shaped radar echoes have of-
ten been reported in the United
States just prior to the appear-
ance of surface tornadoes, and
the dimension (along the wind) of
13 km of the tornado cyclone de-
duced from Fig. 5 and the dimen-
sion (across the wind) of 14 km
of the swath of damage of tornado
funnel sightings at Moerdijk,
Hellegatsplein, Ridderkerk and
Puttershoek to Hendrik Ido Am-
bacht, provide very strong evi-
dence of the presence of a tor-
nado cyclone on this occasion.

It may be concluded that the
air mass between the surface and
upper cold fronts was favourable
for the development of severe
convective storms, and it was es-
pecially so in the area bounded
in the south by the axis of the
jet stream at 850 mb and in the
north by the cocastline on the
edge of the strong upper winds
850 mb.

4, Estimated probability of
aircraft-tornado encounter
Climatological tornado stati-

stics in the United States are

used to estimate the frequency
of encounter in the "worst" tor-
nado areas. The low-lying areas
of France and Germany are clima-
tologically nct very different

Figune 6. Synoptic situation at
1200 GNT on 6 Octoben 1981,

from south-east England, and
therefore it is assumed that
tornado occurrence over south-
east England is fairly represen-
tative of much of that over the
low-lying parts of north-western
Eurcpe.

From extensive and thorough
analysis it is concluded that
the annual frequency of reported
tornadoes in the United Kingdom
is comparable to the worst area
of the United States, but U.XK.
tornadoes are rarely of high
intensity.

Based on surface damage area
an aircraft encounter frequgncy
of the order of once per 10
flying hours is likely. There is
some evidence that the most in-
tense circulation in a developed
tornado occurs 100-200 m above
the ground, and above this the
vortex widens and the wind speeds
decrease somewhat. It is suggest-
ed to increase encounter frequen-
cies by a factor of 3 to take
crude account of this phenomenon.

Severe storms in north-west
Europe are too rare to warrant a
special severe-storm forecasting
service on the United States pat-
tern, but there may be some merit
in forecasters acquiring some
familiarity with synoptic and ra-
dar features associated with
severe storms.
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It is the view of the authors THINGS THAT HAPPEN AT SEA.
that some service which alerts The fate of the coaster
aviation to the possibility of "ROYAL TAR". She steamed out of
severe storms and which might St. John New Brunswick for Maine
operate on a similar basis to in 1836, carrying a complete
that of the wind shear alerting circus and two side shows,
service at Heathrow (but with Dexters Locomotive Museum and
access to a suitable radar dis- Burgess's collection of serpents
play) would be better than no and birds. Off Fox Island the
service at all. ship caught fire. Resourceful

passengers ripped up deck
planking and lashed together a
raft.

When they were aboard it in
the water, an elephant jumped
) on top of them!
Crown Copyright 1983. Another passenger dragged his
trunk on deck, removed five
hundred silver dollars and put
them in his money belt. He threw
the trunk over the side and dived
in after it. The trunk floated!.

Collision at Sea by Rob Bootsma

Under a similar title Dr. Willem Albert Wagenaar, associated with the
"Instituut voor Zintuigfysiologie TNO" at Soesterberg, produced an
article in the Dutch magazine "Psychologie", June 1982. It is observed
that accidents seldom originate as a direct conseqguence from one single
error, but result from an accumulation of minor inadvertent faults com-
mitted in our daily lives. Another article in "NRC-Handelsblad" of

24th November, 1983 indicates that the avoidance of accidents, inci-
dents or mistakes requires an accurate risk-analysis beforehand. Even
when the precise sequence of events is known, it is difficult, if not
impossible, to pin-point the sole cause leading to an occurrance.

The following intends to bring these articles to a synthesis. I am
grateful to Dr. Wagenaar who has kindly given his permission to use and
translate some of his material for an article in INPUT. The names of
persons and ships are fictitious.

Preliminary.

Four per cent of the Dutch results in an accident.
population don't die from natu- Many scenarios describe the
ral causes but perish in fatal development of accidents. Tech-
accidents. In 85 per cent of nical defects are of secondary
these cases people have to blame importance; ultimately, human
geither themselves or someone errors turn the balance. An
else. De facto human errors oc- accumulation of ten errors may
cur very frequently: in the ma- seem unlikely, but this actually
jority of cases they do not lead caused a collision between a
to an accident. Only an accumu- Dutch and a Belgian ship in the
lation of mistakes necessarily South-China Sea.
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Fortunately one can learn from
accidents, although people tend
to search for "culprits" instead
of the causal factors. It is a
pity that the collision in the
South-China Sea did not receive
the attention it deserved. The
number of mistakes was except-
icnal and the circumstances
extremely improbable. In all,

a composition of ten errors were
made - the absence of one of
which would not have resulted

in a collision. Unfortunately
each mistake was made at a criti-
cal moment, resulting in the
collision of two ships on a wide
cocean and with a closing speed

of almost 31 knots.

Factual information.

It is nearly midnight. Visibi-
lity is good with the Dutch
freighter "Rijnvaart" bound from
Hong Kong to Singapore. On an op-
posite course the Belgian tanker
"Belgica" approaches. Both ships
are more than a hundred miles
apart, but are proceeding on
collision—-course.

Each ship is equipped with a
well-functioning radar. The radar
scope of the "Rijnvaart", however,
is situated in a radar cabin from
which outside vision is obscured,
thus the man operating the radar
cannot maintain an adequate look-
out. Moreover the first officer
of the "Rijnvaart", Bakema, re-
ceived his radar training sixteen
years ago; since then no refresh-
er course has been attended,
neither has any relevant techni-
cal literature been studied.

At 23.50 the captain of the
"Rijnvaart" is relieved by the
first officer and writes his in-
structions in the log-book,
thereby committing the

1st error.

One of the instructions was un-
clear; it obliged the first
officer to warn the captain in
particular circumstances, with-
out specifying what had to be
considered as particular.

At 05.10 the captain appears
on the bridge again because land

is within sight. Five minutes
later there is little he can do
and he returns to his cabin.
During that short period Bakema
has reported that someone had
called on channel 16. As it
transpired, the first officer
then committed the

2nd error

by ignoring the call and by not
investigating which ship is in
his wvicinity. A few moments la-
ter the cadet-ocfficer of the
"Belgica"” makes a comparable

3rd error.

On the radar screen he sees a
weak echo at a distance of

12 miles. After five minutes
this echo has disappeared. HNo
further thoughts are spent and
the radioc is not used to find
out who was sailing there.

In the meantime, at 05.35,
Bakema discovers on the radar
a tropical rain-shower at
B miles distance. Calculation
indicates that the rain-shower
will pass by at one mile dis-
tance. Now Bakema commits a
fatal

4th error,

as he decides not to alter course
because of the rain-shower. In
doing so he forgets that the
shower may hide other ships, at
least he over-estimates the pos-
sibilities to locate such ships
by radar.

Due to his unfamiliarity with
the operating instructions of the
radar equipment he makes a

5th error.

He adjusts the radar to large
scale, thus reducing the possi-
bility to detect ships behind
the rain-shower. Indeed, the cor-
rect procedures were mentioned in
the directions for use, but the
first cofficer never tcok pains to
read them.

At 05.58 it is evident that
the shower does not pass by: the
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"Rijnvaart" has to go right thro-
ugh. Visibility reduces quickly
and Bakema begins to worry. Bad
communications actuated the

6th error.

Six o'clock is tea time on board
and Ho Ming, the look-out re-
guests permission to leave the
bridge. Communication with the
Chinese crew-members is normally
effected in broken English and
Bakema, pointing at the rain,
says: "Rain, no can do". The sai-
lor, observing the sign-language
from outside the wheel-house,
misunderstood and disappears to
the mess-room. Bakema is not
pleased at all and commits the

7th error.

The sailor is not instructed to
return and no provision is made
for replacement. After realising
that he is alone on the bridge,
Bakema decided to monitor the
radar. The ship continues its
course through heavy rain and
thunderstorms on the auto-pilot,
without effective look-out on the
bridge, while the only crew mem-

ber available monitors a radar
set to an inappropriate range.
This situation would not have oc-
cured but for the first officer's

8th error;

he omits to call the captain. By
using the radar he endeavours
once more whether the circum-
stances necessitate such a course
of action. The fact that he is
concerned about small fishing-
boats, which certainly cannot be
seen on the radar, does not pre-
vent him from making the

9th error.

Despite poor wvisibility he gives
no sound-signal, clearly of the
opinion that fishing-boats have
to keep a sharp look-out them-
selves.

Finally, the greatest act of
carelessness is the

10th error.

The "Rijnvaart" continues to sail
at full speed, 18 knots. Behind
the shower the "Belgica" approa-
ches at 13 knots. With the visi-
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bility of only 900 metres and
only one minute's sailing time
apart it is clear that a hazard-
ous situation exists.

Indeed, one minute prior to
the collision the officer of the
"Belgica" observes a ship emer-
ging from the rain-shower. He
immediately reacts with hard
starboard rudder, but naturally
a2 tanker with a length of
250 metres will not turn at once.
On the "Rijnvaart" nobody keeps
a look-out and although the ship
was fairly manoeuvrable, it does
not turn for collision avoidance.

The ships collide at 06.04,
bringing about extensive damage.
Much energy is released and two
tanks of the "Belgica" burst
open, but because she sails in
ballast the "Belgica" doesn't
catch fire. Severe injuries do
not occur and notwithstanding
heavy damages both ships can
continue their journey.

Analzsis.

Each error was an essential con-
dition, the absence of one of
them would not have resulted in
a ceollision. A minimum of addi-
tional precautiocns would have
been sufficient to avert a dis-
aster. Which provisions would
have been possible?
Misunderstandings resulting
from ambiguous communications
gave cause to error 1 and 6. A
parallel with the air-crash at
Tenerife in 1977 will stress the
importance of correct and concise
communications. The inability to
anticipate underlie error 2 and
3. As long as the visibility was
excellent both crews didn't care
much for radio or radar; they
didn't realise the importance of
present information in periods
with poor visibility.
Over—-estimation of the contri-
bution of radar to increased sa-
fety have led to error 4, 7, B8
and 10. Radar is a supplementary
means to search for ships in the
neighbourhood and does not re-
place vision. Also radar has its
limitations; the operator has to
check its functioning regularly,

e.g. by keeping a look-out or by
continuous radio-communication
with other ships.

Error 5 arose because the per-
sonnel didn't receive additional
schooling at regqular intervals.
It is common procedure in avia-
tion that crews practise in "
flight-simulators extremely im-
portant manoeuvres which occur
relatively infrequently. Such
simulators also exist for ship-
ping, but they are used too
little for this purpose.

How little account was taken
of accidents is emphasized by
error 9, The first officer was
aware of the possible presence of
fishermen too small to be detec-
ted by radar and in addition he
knew that they did not carry
radar themselves. Nevertheless he
didn't consider even once to give
the prescribed sound-signals.

Cause and Conseguence.

To prevent accidents we have
to eliminate the causes. It has
been mentioned already that most
accidents are brought about by
human error. However, it is
clear that none of the ten human
errors was an obvious blunder,
but it is also impossible to
point to culprits. All mistakes
have been made many times before
by the same people, but have ne-

ver resulted in a collision. When
a fault, which is serious in it-

self, never causes an accident,
it creates the impression that
such an error is not serious at
all and that the procedures laid
down are not in proportion - the
relationship between cause and
consequence fades away.

It is difficult to pin-point
"the" cause leading to an occur-
rence. People have a distinct
notion of "cause" and therefore
one should differentiate between
"necessary conditions" (B can
only occur after A) and "suffi-
cient conditions" (B is the ine-
vitable consequence of A}. The
mistakes in our example all play
a necessary part but neither of
them is sufficient, while the
scenario itself is sufficient but
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not necessary. This is a funda-
mental problem in the prevention
of accidents. Even if one of the
errors would have been absent, we
can still imagine many other
circumstances leading tc an acci-
dent. :

To prevent accidents one
should list all probable scena-
rios, i.e. all circumstances
which are not necessary but suf-
ficient to cause an accident.
With such a risk-analysis it is
possible to determine the neces-
sary insufficient conditions of
probable scenarios.

Accidents do not originate as
a direct consequence of one minor
inadvertent fault, but usually
from an accumulation of such
human errors. Yet, that happens
so seldom that nobody learns many
lessons from personal experience.
Only information about accidents
in the past can indicate what
kind of errors lead to fatal
occurrences. In order to prevent
that such mistakes are made we
have to change human behaviour.

A side-step to the air-crash
at Tenerife is due here. The fol-
lowing fatal communication has
taken place:

- 17.05.41. PHBUF: "KLM 4805 is
now ready for take-off and we are
waiting for our ATC-clearance".

- 17.05.53. Air traffic control:
"KLM 8705, you are cleared to the
PAPA-beacon; climb to and main-
tain FL90, right turn after take-
off, proceed with heading 040
until intercepting the 325 radial
from Las Palmas VOR".

- 17.06.09. PHBUF: "Roger sir, we
are cleared to the PAPA-beacon,
FL90, right turn out 040 until
intercepting the 325 and we are

now at take-off" (or "we are now,
eh, taking-off." - this was not
exactly understood).

- 17.06.18. Air traffic control:
" Dkay L

- 17.06.20. Air traffic control:
"Stand-by for take-off, I will
call you".

- 17.06.20. N736PA: "We are still
taxiing down the runway, the
PA1736".

The KLM-crew, reading back the
ATC-clearance, reports ready for
take-off at the same time. The
reply of the air traffic control-
ler, "Okay", is the death-
sentence of 574 people, as it is
understood as a take-off clear-
ance. The air traffic controller
probably meant to say that the
ATC-clearance was correctly
understood; he hesitates two sec-
onds and then instructs to stand-
by for take-off. This call never
reaches the KLM-crew because of a
simultaneous transmission of the
anxious crew of PA1736.

The normal usage of language
is too subtle to preclude fatal
misunderstandings. It is recom-—
mended to formalize communication
procedures to a greater extent
and to discontinue the use of in-
correct and non-standard phrase-
ology. The application of strict
procedures, however, is often
conceived as stickling for regu-
lations and discipline, childish
and humiliating. Better knowledge
of accident-casuistry could take
away these ideas from the parties
concerned. It might be useful to
provide material on accidents for
training purposes. Human beha-
viour can only be changed when
the actors realize that an acci-
dent usually is not an "act of
God".
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After lengthy deliberations about the feasibility
of 2- or 3 crew cockpit configuration for the
A 310 - Airbus we now offer the following solut-
ion:

THE SINGLE CREW CONFIGURATION
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The FAA Air Traffic Control Systems
”Command Centre” at Washington

Having recently experienced
the hospitality of the young and
highly motivated personnel of
"People Express" on a flight from
Newark to Washington, Mr. de
Bruyn and I considered it would
be of interest to visit the FAA
"Command Centre" in the FAA buil-
ding.

In the United States 22 area
control centres share more than
30 million flight movements a
year and more than 70 million
take-offs and landings are con-
trolled by the tower controllers.
These figures clearly indicate
the magnitude of the difficulties
which may arise in the arrange-
ments for an orderly and effi-
cient flow of aircraft. Fortuna-
tely the United States have a
single civil aviation authority,
which created the "Command Cen-
tre", the sole organisation res-
ponsible for the regulation of
the air traffic flow over the
whole country. :

To that effect the following
egquipment, among others, is uti-
lized in the "Operations Room".

1. A switchboard with direct tele-
phone lines to the 22 area con-
trol centres and the principal
control towers, capable of con-
necting them in conference.

2. Three giant screens along the
wall.
= On the first one meteo

charts can be projected.

- On the second one pictures
can be selected showing air-
port structures, including
runways, buildings, towers,
etc., to enable the under-
standing of any particular
situation that might occur
(e.g. accident, incident).

- On the third one the follow-
ing information can be wvis-

by Patrice Behier

nalized: weather conditions
for each airport or area,
flow contrel lists, airline
lists or anything else of
interest.

3. Above the screens seven
clocks indicate the various
zone-times.

4. Part of the Operations Room
area is used by professional
meteorologists. They have a
direct link to the wvarious
civil and military meteoro-
logical stations and have a
separate computer at their
disposal. Satellite pictures
enable them to assess wea-
ther developments throughout
the territory.

It goes without saying that
the "Command Centre" owns a
powerful computer in Jackson-
ville which easily digests the
tremendous amounts of figures
and parameters concerning the
United States' air traffic. The
following objectives are pur-
sued.

- Suppression of in flight

delays and holdings.

- Traffic management in
advance by assigning take-
off slot times taking into
account the general situ-
ation, i.e. airspace satu-
ration, airport conges-
tion, traffic peaks, etc.
Participating airlines pro-
duce their flight schedules
as far as possible in ad-
vance. In addition the
supervisor in charge nego-
tiates every morning with
airline managers on how
alternative flight planning
might solve expected pro-
blems.

- Traffic management in res-
pect to exceptional circum-

INPUT



38

stances, such as failures,

thunderstorms, cloud fro-

nts, traffic overload,

airport congestion, cyc-

lones, strikes, etc.

Derived from their experience

three special procedures are in
use.

Fuel Advisary Departure (FAD)
Applied when the forecasted

expected approach time repre-

sents a delay of 60 minutes or

more.
Quota Flow Control Procedure

(D. Flow)

Applied whenever saturation
of an airport, a group of air-
ports or any area over the ter-
ritory results in a delay of 60
minutes or more.

Severe Weather Allocation Plan
(S.W.A.P.)
Self explanatory.

Teams of five controllers
and a supervisor ensure a 24
hour service. All of them have
an experience in air traffic
control of over 20 years and
have performed supervisory
functions in ACCs or main con-
trol towers. The people in cha-
rge contribute considerably to
the efficiency and economy of
air transport. The United Sta-
tes' airlines do not complain,
on the contrary, day after day
they realise how useful the
system is and how much money
can be saved by reducing the
amount af fuel burnt.

Would the various European
administrations and airlines
appreciate the need for an equi-
valent to the "Command Centre"?
A similar organisation is per-
haps already at hand, the Euro-
control Central Data Bank.

Artificial Stars

Errors in navigation can be
costly, even fatal. They should
soon be unnecessary as well. By
1988, civilian ships and air-
craft (and maybe canny hikers
too) will be able to tune into
space-based beacons, a system of
American satellites, and triangu-
late their position to within
100 metres. Privileged military
users will be able to fix their
location to within just 15
metres.

At present, an aircraft well
out over, say, the Atlantic (or
astray over Siberia) does not
know precisely where it is. It
only knows, from a computerised
gyroscope system, how far it has
gone in which directions from
its starting point. And the dead
reckoning from such inertial sys-
tems can be as much as 16 kilo-
metres out by the end of a trans-
atlantic flight. Corrections
must normally wait on signals
from ground-based radio beacons
or radar sighting of land fea-
tures.

The satellites in the Ameri-
can system are intended to act
purely as passive beacons; they
will not be communications sate-
llites. In fact, there is ano-
ther such passive satellite-
navigation system already in
existence. Called Transit, it is
owned by the American navy. But
it is old and boasts only five
satellites - far too few to en-
sure that any one, let alone
three, space-beacons are in
sight at any one time. At best,
it is accurate to within 500
metres. That is good enough to
attract many civilian yacht own-
ers (receiving eguipment can be
had for as little as $1,500) but
not many others.

To replace it, the American
defence department has placed a
$1.7 billion contract with Rock-
well International, the manufac-
turers of the space shuttle, for
a new system called the Navstar
Global Positioning System. When
fully operational in 1988, Nav-
star will comprise 18 satellites
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(plus 10 spares) in six 12-hour
orbits. Given the appropriate
code would-be users of the sys-
tem will be able to determine
their position to within 15
metres by tuning into the sig-
nals from any three satellites.
That kind of accuracy will be
of immence benefit to terrain-
hugging missiles like America's
Cruise, to mobile launch plat-
forms like submarines and to mi-
litary vehicles on night-time
manoeuvres. The trouble is that
a beacon is there for all to see
and the Pentagon has no inten-
tion of layving on Navstqr's ser—

vices for the Russians (as it is,
the Russians are developing the-
ir own system, Glonass). So Nav-
star's signals will be encoded.
The most accurate information
will be restricted to a secret
code available to the American
military. Other users, whether
western civilians or Russians,
will be able to figure out where
they are only to within 100 met-
res = an accuracy adequate for
most civilian navigational pur-
poses.

There has been a row in Wash-
ington over whether civilians
should pay. Congress initially

INPUT



40

HOLEYWOOD

NN

VIDEOTHEEK

Elsstraat 17

OPEN:

Monday to Friday inclusive. ......... 12.00 — 20.00 hrs.
T E N U T I P 11.00 — 18.00 hrs.
o N e 1 13.00 — 17.00 hrs.

More than 3000 tapes available.

Hfl. 5,00 per film per day
Hfl. 25,00 per 3 films per 4 days
Hfl. 6,50 per film per weekend

6191 JW Beek (L) Tel. 04402-73074

took the view that users should
be charged $300 a year in order
to recoup some of the costs of
the system (the Pentagon consi-
dered an alternative of a roy-
alty on user equipment under a
licensing arrangement). Those
against charges, including Rock-
well itself, argue that a fee
would put off customers, be dif-
ficult and expensive to collect,
and of dubious morality (nobody
is charged for using a beam from
a lighthouse).

The shooting down by the Rus-
sians of the Korean airliner
last September may have tipped
the scales. Congress now has be-
fore it two resolutions to allow
civilian use of Navstar free of
charge. America's Federal Avia-
tion Authority, however, has
reservations about promoting the
use of Navstar. It fears that
civilian navigators will come to
rely on it - and be left high and
dry if the system fails.

Its fears may not be shared
by the International Civil Avia-
tion Organisation, which will
have to endorse Navstar before it
can be used worldwide. It is ex-
pected to give its approval by
1987, if only because Navstar
will be far cheaper to maintain
than present systems. Receiving
equipment will also ke cheap,
costing about $%10,000 per set,
roughly a tenth of the cost of
an inertial navigational system.

Potentially, the market for
Navstar could be wider. Indus-
tries other than those concerned
with civil navigation are inter-
ested. Both offshore oil instal-
lations and communications sate-
llites rely on highly accurate
position fixing and could benefit
from Navstar - but only if the
high-quality military codes were
made available to them.

Across the Atlantic, the Euro-
pean Space Agency, Esa, has been
toying with the idea of a commer-
cial satellite navigation system
of its own. Navsat would aim to
compete by using 24 cheaper sate-
llites (without anti-jamming equi-
pment), giving accuracy as good
as Navstar's military code, under
international civilian control.
Last April, Esa signed a contract
with Britain's Racal to design
suitable satellites. But a deci-
sion whether to go ahead with
Navsat is not expected before
1986. By that time, especially
if the American congress does
relent on its original char-
ging scheme, Navstar may already
have won the race.

(Copyright Economist/
Elsevier)
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