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* SUMMARY

This llemorandk.. ujtlines a method for calculation and display
* of Stack Departure T'i~ies and other Air Traffic Control information.

It is considered that this could be implemented in the short-

term, with consequtitiat benefit to airlines and Control Staff.
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A PR,, :\AM OUTPUT

S S :. N .I.iTATIONS

o Sk k .TED OPEATIONAi. SYSTEM

A XIAC;S OF T!E S 1I!'EM

8 DISADVANTACGS OF TlN SYSTEM

I INTRODUCTIuN

1.1 The problem of calculation of accurate Stack Departure Times has been
with us for a long time. However, discussions with aircrew elicit the
opinion that one of the most useful pieces of information that Air Traffic
Control could give to the pilot would be a realistic estimate of the delay
that his flight will incur. Many of the difficulties in providing such an
estimate are due to the manual methods that have been used. When aircraft
are expected to be delayed for more than 20 minutes, the Air Traffic Control
Centre (ATCC) should provide an estimate of the delay for each aircraft,
based upon its position in the landing queue, and the landing-rate at the
destination airfield. But the delay given has rarely been very accurate
because of the problems of deciding upor the landing-order, and the time-
lags in updating the landing-rate. If the landing-rate given to the ATCC
is optimistic, aircraft are given estimates that understate the delay and
may therefore decide to remain in the holding-pattern awaiting their turn
to land when their fuel-margins are becoming limited. On the other hand a
pt-sP'istic landing-rate means that aircraft are passed an over-long dela\
and may decide to divert unnecessarily, with the consequent costs to the
aircraft operator.

1.? With the assistance of the computer, electronic data displiays (EDD's)
and modern data-transfer techniques, these difficulties may be reduced or
overcome. A computer program has been written to demonstrate a method of
calculation of Stack Departure Times (SDT's' for aircraft inbound from the
airways system to land at Heathrow. The program outputs flight-plan,
de.,cent and holding information, together with Stack Departure Times, on a
14" Colour EDD.

1.3 The work described here was stimulated by the experimental automated
Departure Flow Regulation System designed by AD4, RSRE and demonstrated to
NATS at the 1982 CAA Review and subsequently to the Monopolies and Mergers
Commission and others.
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SIGBN o' :<ACK DL~I'Ai, a~ i1ME PRO(;RAM

I. Pthe i ta wi t h iiti ,c~ i rc raf t were cons id ered t bajt covelred by thfit
I -uin I I I'1L nt oti .. it ,L t i o'in ( IR) . Iflthoind a ii ra ft. Used I i vu sepa rat t
ro u t C,, : , I Wes t t r am t ru ble; RI South from 50 N ;l East from the FIR
1-inda cv; A] Nortbh . N and A2 Southi from Abbey ill e These f ive
r , i t , fcd the nori;ia 1 olr inner stacks t or Heath row : (; 1W and RIS to Ockliam

10;A-" to Biggin (; 1() AIN to Boriig don (BNN) ; aod RIF to Lambourne
I .Iii additioll to thL .U inner stacks, associattd With EaCh route was

an outer, high-level Sic k: Brecon (BCN) for GIW; C(1CShllI (CSL) for AIN;--
IHLv(1IPS) for RI 5; (hlimwtl (CNL) for A2S; and North Sea (NSE) for RIE,

2 he programi u- 1 .;a variable parameters. The:et wiere the Landing-rate
ait Huathr w, an,' thL i raxiuvum time that aircraft ShouILld he required to hold

thcu inner stack - tlke Planned Delay (Plandel). Both parameters are set
at t!,, stairt, hut -ian be, %.r ied on-line.

.3 '1 h f ixed da ta J .- iL of the distances aloii,, the f ive inbound routes
r,)-. rte iR botindartv ,r oiler aircraf t e-ntry point , Lo the appropriate

:ngStAc.1; anid Ilhe distances between the outer, high-level stacks
an'; th, inn.:er 'Fc~.ile distances from the innei stacks to the runway were

str.J , tzether TiL ininum s.-tack levels. Fixed data included also the
lesand i!i szt In es for a number of represenutat ive aircraf t types.

t. .:er data -,Lre hbta ined f rom airl ine operat ing instruct ions f or the

,- .u u ssur: ,d r theL purposes otdemonstration that there was a con-
ri Is: i , n t hat i. I il A, ( ept and entter into the- omputer the Estimated

uure ot Arrival F GVIA) of aircraft at the FIR boundary or other entry-point.
I>: i p os it ion woulId he. thle SDT AlIloc at ion Cell1, and woulId have acce ss v ia
t !e. co7 nu t er t o all flIL:,h t -plIan da ta on a irc raftL inbound to Hea throw. For
th;ts purpose, a sm~all traffic-sample was prepared for use in conjunction

it ih, SDT Prog~ram. The sample data consisted of aircraft callsign and
Sroute, cruisiin.-pv and altitude.

i LtxT 1 01 SF ~T\ A '4K ? 1 A I V T IME S P RO GRAM

IAt the start of pro-rain operation the time rini ho set, together with

t twc :.a.r ti e Ik pa ramet,,rsI i .e t he Land ing- ratec, f rom wh ic h t he c ompu t er
I ,ai te vs the, 1,rid i ni in t -rva I ; and thle Planned tDelIav at the inner hold ing

1.111 ln el I)

An iir:raot call-Kln from the traffic sample is entered: this causes
t~l iircrif t ' I1i it details to be displayed. At this stage, the cruising-

Thi- pragra,': Obtains from the fixed data the. distance from the entry-
i- the inner stack; the descent time and distance for the aircraft

tvLon ruimsinl4-IL el; and the time t rom the appropriate inner stack to
th. rin--iv for the rout e and aircraft type. From these' data thle program

C'11": 1, sthe timk, At top of descent and the FAiA at the runway. (F] ight
. . rog r.wi , I, rc -s t he FIi gh t ETA ( See 1 Di aga 2)

T'it amir, raft iH inseLrted in a landing-list : this list is in order of
Fl it,, EIA, i.e. the- timne at which aircraft would arrive at the runway in

m----enee of an v cons tra in ts due t o o thler t ra ffti c. Thle landing-interval

2
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then applied ,. the landing-] ist s, I. dnce a Runway-t ime fr each air-
r ft. The diftc r it e between the I i ght IA and the runway-t im fir an

.;ircraft is its t, tal delay.

3.4.1 Tht t, til delay for an aircr,:ft is divided bettccn lw-l',.'el
and high-lcx,l delay. If the total delay is less than t'landtl, then
the whole dclo\ is taken at the innki stack. For delays les'; th.in twO
minutes, (i.t one complete orbit sit Rate I turn), it is asstm.ed that
such small de lays would be absorbed within the Approach Seqtsen in s

Area (ASA)

3.4.2 If tih total delay is grtater than Plandel, then the airt raft
would hold at the inner stack for the period of Plandel, hut thL
remainder of the delay must bL alsorbed in the outer, high-leve stack.
However, there is a minimum period that an aircraft can absorb at high
level, equivalent to one complte orbit. This is at present set
arbitraril\ at four minutes. If taking the whole of Plandel at the

inner stack would result in a high-level holding-time of lets than
four minut, s, then the high-levt I hold would he set at four ,inutes

and the rCmainder of the total de.la\ would he taken in the inner
stack.

3.5 20 minutes before Flight ETA, an aircraft's position in the landing-
order becomes "fi.cd". After that time, any aircraft entering the system
with an earlier Flight ETA is automatically placed after all aircraft in
thL "fixed" state. This ensures that there is a limit to the alterations
in the landing sequence and that there is an element of system stability.

3.5.1 This procedure means that pilots know with a fair degree of
accuracy, and well in advance, the time that they can expect to land.
They will have 20 minutes notice if there is no delay; or, if the
aircraft is required to held, 20 minutes plus the expected delay.
Thu>, if an aircraft has 15 minutes total delay, the pilot would know

35 minutes beforehand the time at which his aircraft would land, and
his departure-time from the inner stack in order to achieve that

landing-tinc.

3.5.2 Aircraft in the "'fixed" state are indicated by a change o:
col,,ur cf tiheir data-line on the FDD.

J. Landing-rati and Plandel can both be altered on-line at anytimiL. Th
A. ;,lay is u;dated inmmediately. Such variations would have no effect on
tt,, landing-ord, r, but a change in landing-rate would affect the runway

!and t.hu, tht total delay.

I Ie,. A cLa L ,T. ,f either parameter would alter the holding-times at

hi ph a nd 1 , lcvels. However, if an aircraft has left or passed the

hi~ hl 1ev] When a change in pararseter is made that would affect the
high-Itv ye],,lding,-tirie, that aircraft would not be requir ed to return
to tht. high-Itvel stack. Instead, it must continue to the inner

staik ind ih,,orb any extra delay there.

3.b.2 Withi a change of landing-rate, although an aircraft's position
in th I .inding-order ren:ains. fixed, its stack departure time will alter . .
and thii ui,dit cd information would hatve to be passed to the pilot.
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j When a ch,. .,c in landing-rate octJij, after an aircraft has left

inner stack, it is assumed that it i; possible to deal with variations

i iunway-time by the use of path-stretching or shortening within the

oach sequenci,,g area. Aircraft which have not left the inner

..:n ,k will have their SDT's adjusted accordingly.

t,, ! UTPUT

-I All information u.os output via a 14" Col,'ur EDD of 25 lines x 80 charac-

ttrs. ine colour-coding was fairly arbitrary, but various types of informa-

tion w re presented in different colours. TIcre is no reason why a hard
copy should not be madL available.

4.2 The use of colour was as follows:

Column Headings - Violet

Data being input oii-line - Green
Variable parameters - Yellow
Aircraft Data Lines - White
Aircraft in "fixed" state - Red

Information on airiraft was presented in the form of horizontal data-
" =, ofne line per aircraft. The data consisted of:

C(al lsign
liype

Cruising level
Route
Time at top of det?,ent*
Name of outer stack (HSTK)
ETA/STD for HSTK
Level at which to leave HSTK if aircraft required to hold
Time at top of descent*
Name of inner(low)stack (LSTK)
ETA/STD for LSTK
Level to hold at LSTK
Runway Time

* ih two columns for "time at top of descent" are because some high-
, :-isin. aircraft will want to commence their descent before reaching HSTK,
whilst others with lower cruising levels will be past HSTK before starting
ts descend. The time for top of descent is the time at which aircraft would
rcq-ire to leave their cruising level in order to reach their holding level
in tne inner stack bv EfA LSTK.

-. :After its Runway Time has passed, an aircraft's details are deleted
fr.m the EDD.

i.M LIMITATIONS

).i Further development would be necessary to bring the program up to an

,p rational status. At present there is no mechanism included for feeding
an aircraft back into the system in event of an overshoot. Similarly, there
is no me.ans of removing an aircraft that decides to divert. Most importantly,
th- protra needs to be developed to cater for different weather conditions,
pirtictlarlv where Cat.3 ILS-equipped aircraft can make approaches but less

4
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w, l-equiIp, d aircraft cannot. , . rul:, must be e t abI islied
Further to this, there is tht cor i,, ii ,,. tl i illty when weatitr condi-

tions i mnpo and perhaps priori t i * h.i, t, 1w ri,, i d.d

'.2 In the current model, a] route. , i ,JI:,IlIJ%'(, (In the same EDD. In

an operat i ,a I system, sect or and iTA toLl i 11er s wou 1 d need to have
di splayed onl y those aircraft with 0i i( h t hey wt-re concerned. However,
there might be an advantage in bei,, able te display the complett, traffic

situation.

5.3 The n1del uses only represtnttive routes and aircraft types: an

operational system would therefore bt. Mo1, complex. Also, the model is
concerned solely with Heathrow. Further complications would arise if other
airports were included, particularly as the same high-level holding areas
would have to be shared between several airports.

5.4 The current program works only for the still-air condition: wind
velocity is not taken into account.

5.5 The program makes no attempt to 0iptimise the landing sequence: the
interactions of narrow - and wide-bodied aircraft are not considered. The
landing-interval is merely a simple function of the landing-rate, which
itself is only an estimate of what Approach Control hopes to be able to
achieve over the next hour or so.

5.6 There is no provision for on-line entry of flight-plan data on aircraft
not present in the data-base. However, this would require only small
additions to the program.

0~ S'GGESTED OPERATIONAL SYSTEM

6.1 The model was conceived originally as a free-standing system, only
requiring an input from the 9020D computer for transfer of flight-plan data
on aircraft inbound to Heathrow. This would still be possible. The system
would require a computer capable of driving seve:al colour displays. Dis-
plays would be required (a) on individual en-route sectors dealing with
aircraft inbound to Heathrow; (b) on the TMA sectors, and (c) in Heathrow
Approach Control. The displays would have associated input keyboards.

6.2 The Approach Control Supervisor at Heathrow would be responsible for
the input of the variable parameters-Planned Delay and Landing Rate. He
would update the Landing Rate in the light of rates achieved. By leaving
this responsibility with Approach Control, Heathrow would feel that they
retained some influence over the system. Additionally, Approach Control
is able to assess and react to sudden occurrences at the airfield, which
might have a bearing on operations.

6,3 The wing positions of the en-route sectors would be responsible for
input of entry-point estimates and actual times at the entry point. As
the 9020D should have transferred the flight-plan to the Stack Peparture
Time computer, the wing-man would input the aircraft callsign, display the
flight details, and then insert the relevant time. Entering the time would
cause the program to output details about high- and low-level holding and
time at top of descent. This information would be output to the en-route
and TMA sectors and to approach control.

57
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. t I,:read of a t LI.-standing system, the pr-,.i im could be integrated
t h !ilS and its a s>c iated displays. ttowevw r, this would be a more

lonc-t rm approach.

5. I here would ob\ i,uslv net-d to be an asses;m,.:tt made of what equipment
should be used, and where the displays and associated input-devices should

b, I ated in operati,.nal furniture.

A..'~I A.ES OF THE SYSTEHM

7.1 Many discussious with airline pilots have elicited that the most
va u i:le piece of information that ATC could provide would be an accurate
st :>,te of delay. The Stack Departure Time program would give this at
27) minutes before their original flight ETA.

7 ihe economic savings to operators to operators from not diverting
urin < .,siri ly are large.

i3 Pilots who knew the delay that they call vxpcct can operate their
,Zircraft in an optimum wa. to absorb that delay. This becomes increasingly
important as .-,ore air~raft are fitted with Flight Management Systems.

7. , There would be an advantage to the airport ground handling organisation
if accurate runway times could be notified well in advance.

. Sector controllers wouldunder normal operational circumstances have
a. ,uate warning that an aircraft will be required to hold at an outer
St , (S..

' SeLtor controllers would have warning of what time an aircraft would
wisn to commence descent. This, with 7.5, would make planning strategies
easier.

,.7 The TM.\ Controllers would have adequate notice of the order and time
tf-it aircraft would vacate the inner stacks. Again, this makes for better
plnning.

7.6 Heathrow Approach Control would be aware of the order in which aircraft
,tcid land, but could possibly vary this slightly to optimise runway

,,itilisation. However, knowledge of what others in the control system expect
to, happen will encourage better coordination.

-.9 The system would allow rapid reaction to unforeseen circumstances,
V.4 a runway blocked, causing an instantaneous reduction of aircraft move-
e nt rate.

7.10 As Heathrow Approach Control Supervisor would have immediate control
kver the input of landing-rate, the difficulties in coordination with LATCC
over EAT's would be mimimal or non-existent.

7.11 A free-standing system could be implemented in the short-term. The
economic benefits to airlines and operational staff would probably justify
the cost.

,.12 Adoption of such a system would be an overt demonstration of NATS making
-1 very positive effort to reduce airlines' costs, and as such would be a
valuable publicity excercise.

b



m. P000'1 11q" I) /A ' 11 rI P!

,i :,ADVANTAGt.S OF THE SYSI I 1

- I Adoptionii of a free-st,,ndi.g ovst id involve finding spa( e f or
.,t ra displays in areas wherc space is al rodv at a premium.

> The controller has alieady several aitit, apart from his radar display,
K which he must devote attention, e.g fli ht-progress strips, danger area
*.,,, weather information displays. Ainther display could be a distraction,

:,rticularly if it were fre e-standing.

,-.i The disadvantage in 8.2 above is discounted if the system were inte-
i latt'd with EDDUS and another display would be unnecessary. But the inte-

1 iatt-d solution would mean a longer delay before this system could bL

ot rat ional.

8.4 There would be additional equipment costs to provide a free--tanding

t em.

S.5 High-level holding-areas could sterilise large areas of airsp:ce.

Htwcver, with the increasing use of modern aircraft area nay-aids and flight

management systems, it is hoped that the size of holding-areas may be

reduced.

8. If pilots were aware early in their flight that they were going to

suffer delays, they might choost to operate their aircraft in a different

way from that which the controller expects. This could have implications

tor the separation of aircraft.

8.7 As mentioned in 5.1 there are difficulties when the runway visual

range is changing to or from Cat. III lLS conditions. Unless some fairly
rigid rules of priority were established, controllers and pilots could

find themselves in confusing situations.

S.8 The system relies to a large extent on the expertise of the Approach

Control Supervisor in estimating the landing-rate which is going to be
achieved by the airport.

9 CONCLUSIONS

q.1 The system described is not contradictory to the aims of the medium-
term BEEKER plan for the London Terminal Control Area, or to the longer-term

plans of the Terminal Control Systems Development Group. The concept has
been demonstrated to several NATS headquarters staff in DCR, DCAP and DORA,

and interest has been generated. The report on the BEEKER plan simulations

suggests that the system could be developed for incorporation into TMIA

procedures. (LTMA Operations Reorganisation Feasibility Study: Jan 1984,
pll). As far as TCSDG plans are concerned, the system uses a similar

conccpt in determining the landing-order and estimate of total delay, but
the TCSDG plans involve a more complex procedure for the absorbtion of

delays by individual aircraft, and the separation of aircraft. However,
the system described in this memo is a useful half-way stage in the progress,
enabling some investigations to be carried out into display formats,and the

ust of a similar system is planned as a part of next year's R & D programme

of the TCSD(;.

7



. ' , t [)e, th, advantages ofl a,pt ing som vur ,iun of the system des-
cri,', !1his memorrandum appear to out%,eight tht, disadvantages. The system

,Jr t ii times, or estimates of times, at entry points: there is no reason

i t , hould not be updated to a(hievc greater accuracy. Even so, this
i t tially an off-line system, and the Flight ETA could be in error by
I :i:;t es. However, this wouldr not detract ironm the value of the system,

the ctc, t of which would still b to give the pilot the best possible
jnf.. r::. Liti, about the delay which his aircraft would suffer. This would still

31
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DIAGRAM 2 CALCULATION OF FLIGHT ETA
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