16/ 09/ 2005 WO 021082407 PCTI GB02/ 01600 | SCHEDULE BASED MANAGEMENT SYSTEM
FOR OPTI M ZI NG Al RCRAFT ARRI VALS AT Al RPORTS 5 DESCRI PTI ON BACKGROUND OF
THE | NVENTI ON This patent application clains priority from U.S16/09/2005
provi si onal application 60/282,439 having the sane title as the present

i nventi on wo@yéshioed on 10 April 9, 2001. Field of the peipgaidign The
present invention generally relates to control of aircraft fromflight
origination to destination, and nore particularly to a 15 coll aborative
system for scheduling arrivals at destination airports. Background
Description It would not be unfair to say that the nbst accurate way to
describe the general process of 20 arriwvial managenent at airfields adheres
toa principal of first come first served. The use of this sinple nethod
of ordering traffic into a landing pattern is quite adequate when the
required capacity to land aircraft is never exceeded by the SAMS

16/ 09/ 2@6pur¥D sA24r0RAACEMERC BYERB2F 1 6QQn L TR BhRiraPF rtkvataRE AdRedrTat any
particular time of day arrive and ask to land. Unfortunately the latter
situation of a capacity which is exceeded at particular tines by 5 the
nunber of aircraft which arrive and ask to | and

5 DESCRIPTION
BACKGROUND OF THE INVENTTION

:L;} This patent application claims priority from
U.S. provisional application 60/282,439 having the
same title as the present invention and filed on

1o April 9, 2001.
Field of the Invention

The present invention gemerally relates to
control of aircraft from flight origination to
destination, and more particularly to a

15 collaborative system for scheduling arrivals at

destination airports.
Background Description

It would not be unfair to say that the most
accurate way to describe the general process of
20 arrival management at airfields adheres to a
principal of first come first servéd. The use of
this simple method of ordering traffic into a
landing pattern is quite adequate when the required

capacity to land airqraft is never exceeded by the

SAMS




is already common and will only becone nore so as demand for air travel
i ncreases and the solution of building additional runways is unacceBtabIe.

In reaction to the situation of excess denand 10 airfields w | [1@&ppPy 24005
sl ot process which will crudely limt the nunber of aircraft planned to
fly to thwoarwskioel d- However this slot will still not pchR¥eyder I ect
connection with what tine the slotted aircraft will be sequenced to |and.

15 Gven the current |lack of relationship between any slot or the flight s
schedul ed arrival tinme (tine table) and the tinme the flight may be | anded
(i.e. instructed to commence its approagh into the destination airfield)
the current behaviour of a 20 flight will tend to follow the foll ow ng
pattern: airlinedumitdy ofoptienadtt BhaioebisAoRsF e Eisiretineedur ces at

achi eving on timeggepartiytesnd i-3x acagrgance with the time table); the
flight from that point onwards is conducted to take every 25 advantage of

any opportunity to saVBIPFRERAtRAY the 1aky déFertiosf efamd prudent by the

Captain and crew.caPaics tpakkain i6 adkdxeaéd est phtsaddiaascdidesl; routings,
i ncreased d%scent and crui se speeds nd the |ike. The point to note is
h

that until the 30 ZPPRPRFYT PATTRTE BY S AEFTYE AP BBRtYDLEPATC) at  the
destination airfiisl ditrbady idominsn Commentl gl tiseoflbmdtd G/ 2005 WO 02/ 082407

P SBCR1 01000 3 GRELASEL, ;B8 LASAMEAL I Logiplay L and, e
into the queue tduilding additional runways is unacceptable. In
reaction to the situation of excess demand
@;} 10 airfields will apply a slot process which will
crudely limit the number of aircraft planned to fly
te the airfield. However this slot will still not
have a direct connection with what time the slotted
aircraft will be seguenced to land.
s Given the current lack of relationship between
any slot or the flight's scheduled arrival time
{time table) and the time the flight may be landed
{(i.e. dinstructed to commence its approach into the
destination airfield) the current behaviour of a
20 flight will tend to follow the following pattern:
airlines will continue to focus considerable
resources at achieving on time departures (in

accordance with the time table); the flight from

o
w

that point onwards is conducted to take every

25 advantage of any opportunity to save time that is
considered safe and prudent by the Captain and
crew. This pattern.can manifest itself as direct
rouﬁngs,increased'desceﬁ%and cruise speeds, and
the like. The point to note is that until the

30 aircraft is told by air traffic coantrol {ATC) at

the destination airfield that it is commencing its

SAMS




| and as soon as possible - not landing itself. it 5is a curiosity of both
the systemand the way that punctuality is sold to passengers that
consi derabl e resources are currently focused on an on tinme dep&4QPé2405

Standard Tinme of Departure (STD), but w thout any clear process for

managi ng tweeawsrdoval 10 and | anding time wth conparablperegiddbity. The
direct consequence of this is that the arrival process at congested
airfields is inefficient for both ATC agencies and airlines. The
consequence of the current systemfor 15 airlines is that econom c and
operational inefficiencies are part of normal business. Firstly, tinme:
tabl es provide additional tinme, beyond Jctual fli ght and taxi tines
required, to allow f%récgel@%%selilc}q gae%qihrébo;pewiqr gr@iaqciﬁa{atnlére. 20 This is
known as paddi ng of PH1°6EK 17 mes, " an produces aédl?l onat cost because nore
aircraft are required to cover the sanme nunber of services. Secondly, on

the day of operation, gpgw .'Likt_\,“@oinfxéctegdgigﬂ %%]khsfi Lo allowfor
Y

holding time in the 25 air, be It create the | engt hening of the route
by ATC - (Il ateral #oftgi hey asr ity aeepPesadRttHsl dirhg thev@Peve R8vi gati onal

fix.” This creates 1G@gt abOsddiCas Hosbins -1 fott N@R: ¥R Yikselt, | firyou carry
additional weight of fuel the aircraft burns additional fuel 30 to carry
it; 2) when you arfé PnCaEIRSEEY Mf patht &R SRMS™18PHIE0H8Y WB262/ 082407 4

PCTI GB02/ 01600 yowuhuthamidedi 5 aral §d1ehsaathdrlCuhaieR@nd @ riable
resources are currently focused on an on time
e departure at Standard Time of Departure (STD), but
tw) without any clear process for managing the arrival
10 and landing time with comparable certainty. The
direct consequence of this is that the arrival
process at congested airfields is inefficient for
both ATC agencies and airlines.
The consequence of the current system for
15 alirlines is that economic and operational
inefficiencies are part of normal business.
Firstly, time tables provide additional time,
beyond actnral flight and taxi times required, to
allow for delays either airborne or pre-departure.
20 This is known as padding of block times, and
{:} . produces additional cost because more aircraft are
required to cover the same number of services.
Secondly, on the day of operation, crew will uplift
additional fuel tec allow for holding time in the
25 air, be it created by the lengthening of the route
by ATC - {(lateral holding) or “race tracﬁ” holding
over a navigational fix. This creates cost to the
airlines in three ways: 1) if you carry additional
weight of fuel the aircraft burns additional fuel

30 to carry it; 2) when you are in-a holding pattern
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costs for the time airborne; and 3) if the anticipated hol ding does not
occur, although the airline may have a portion of the residual excess 5
fuel left in the aircraft for the next aircraft sector, it will16ARPERCDS
cost differential as this fuel will inevitably be nore expensive than fuel

purchased wbeidsesgarrier's hone airport. In addition, ppfca@idigden countries
the inefficiency 10 descri bed has been recogni sed as having a | evel of

envi ronnment al i npact which could be avoi ded. For ATC agencies the above
.described process results in an unnetered and unsorted flow of aircraft.
that is not matched to any optinmal 15 sequence for landing. This wll
inevitably result in higher workl oads fdr controllers and can adversely

affect safety if ajrcraft arcrive_in i gnificant Al so, because of
the "first come Fir's ugnera\%(eiﬁ{;mﬁra%c%u én??acldlﬁ??o??%%%gg?? 20 obliged to
sequence aircraft dogta fvay thhdtimej mienbotrapl yangi Bl ble thpefficient. In sumary
the current |ack af;afQaesSdihatadBnages,dhe. ovahahbn dilel ght process is
significantly inef?ié?g%{ ?or §%P8 stakeﬁglé%rs'in thegATC system 25 The
avi ati on indust ry 2arteagiyareedyigne seartipatof ther eegisiogl ppsBPem t o be sol ved

in this areasand rgol Ufdf@N$naR REINArE OGN lhe TR ShEREFdseant _
characteristic of all these approaches is that landing slot timng is

det erni ned after &8pER%urls. wHd Apfieypr ettt AL aht3%alFPy® devel oped

proposed systensfwdD #HQ3ICinda thiBbel veS awxpaidineakh&fbel6/ 09/ 2005 WO

027082407 PCT/ CBOIZJI{urOcjhgos%d at the carrier’s home airport. In

. addition, in certain countrieé the inefficiency

;4) 10 described has been recognised as having a level of
environmental impact which could be avoided.

For ATC agencies the above described process
results in an unmetered and unsorted flow of
aircraft that is not matched to any optimal

i5 sequence for landing. This will inevitably result
in higher workloads for controllers and can
adversely affect safety if aircraft arrive in
significant bunches. Also, because of the “first
come first served” precedent, contrecllers are

20 obliged to sequence aircraft in a way that
inevitably will be inefficient. In summary the

si) current lack of a process that manages the overall
flight process is significantly inefficient for all
stakeholders in the ATC system.

25 . The aviation industry already recognises that
there is a problem to be solved in this area and
solutions are being sought. The significant
characteristic of all these apprﬁaches is that
landing slot timing is determined after departure.

30 All current and substantially developed proposed

systems who describe themselves as arrival
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5 managenent tools are concerned with sequencing aircraft that are already

airborne and in relatively close proximty to the destination )’fl el d
(usual ly within the radar horizon). Some 5 systens only | ook at 1f/@94R2005
that are already in airborne holding patterns near the airfield and then
sequence twemgs4orar as the "first come first served” pepgRoibod al | ow. ATC
concepts have always | ooked at how to order the aircraft once in flight 10
on the basis that they will appear in the ATC control zone at the
destination airport in a largely random manner. The randommess of the
entry of aircraft has always been seen as the ultinmate problem in short,

the focus of these systems is 15 to respond as eff|C| ently as possible to
t he, destination

t he m X Of t raf f Il'g I'ltahgi'tﬂen r[if.l y. alrg éol’]nece\él Cé l&.% equen
airport, by de-bunching and tink&f T ng W th the ord% TH¥5e systens that

intervene in the aqcﬁmcgaf,h tha0 mofe aitr@amff eibefmoeeatdhaey have reached a race
track holding pattsl £ d ffe el ay the
AP N A ?&ngﬁékﬁlﬁly 9%% S%ét‘é%hié%?lﬂ

aircraft's approac {"hr ou eni ng ance own. Satellite
based i nformati on aigfsekdrsuewnl ivuri Heim ﬁb&lwarhﬁi@lapp? oadamand better 25

enabl e an ai it i el hyAFGnd QnSPULRACE: | ARLDES tnall LAOUGRAdY $ni S MOre cOst

efficient than racetrack holding it is still far fromoptiml for the
airline. This metf3drrere Ppidiag patisgdsi eathébe Uhinfégldteides. Where arri val

managenent tool s &henBébqaaﬁ&é @teh Gad fiﬁraézé ahaf trimtt Bemr@liding stacks the
effect is to marg nla:'\lrela e Wlls, aellow A Cerc]‘.gncsepl\t{_% have always
- looked at how to order the airecraft once in flight
‘w) 10 on the basis that they will appear in the ATC
control zone at the destination airport in a
largely random manner. The randomness of the entry
of aircraft has always been seen as the ultimate
problem. In short, the focus of these systems is
15 to respond as efficiently as possible to the mix of
traffic that arrives in the vicinity of the
destination airport, by de-bunching and tinkering
with the order.
Those systems that intervene in the approach
20 of aircraft before they have reached a race track
‘ holding pattern near an airfield do effectively
'E:) _ delay the aircrafi’s approach through lengthening
the distance flown. Satellite based information
systems can further refine this approach and better
25 enable an airfield ATC to sequence landings.
Although this is more cost efficient than racetrack
holding it is still far from optimal for the
airline. This method is typically used in the
United States. Where arrival management tools are
30 ‘applied to the aireraft in the holding stacks the

~effect is to marginally reduce the time spent

SAMS




16/ 09/ 2005 WO 02/ 082407 PCTI GB02/ 01640 6 hol di ng. Al though this conf ers
sone | evel of benefit it still fails to address the inefficiency
building in additional time at the departure end of the flight 163/0’352005

i nadequaci es of current and projected approaches to arrival managenent are
encapsul at wab daysaedrei 1 phi | osophi cal stance of "doi ng S@@picais)fhet O L e
aircraft” once they are in flight rather than effecting a joint plan
before the aircraft 10 departs, where both the ATC agency and the aircraft
crew then work toward that plan- As a consequence of this post-departure

approach to arrival nanagenent there i's no opportunity or reason for
change in the behaviours of airlines i nt he conduct 15 of their fli ghts,

and al so no potentﬂo% r‘igf Cﬁ?&% Ihe qpgrational ;savings on _
fuel /engi neering o JE) ter res urce manag ertef ?alrgra utilisation,

ground resources é??deéitr p@r#tisltlaﬁdsys tsumm\.ﬁscmeTHEefMtﬁNﬁbﬂ\l 20 It is
Lner efore an obf egk Blidiss PeSaRtsLoedventd 98 bR BEpudscacival | andi ng

slots (Tactical Arrival Tinmes or t he tination airport prior
to departure. It i°§ His&lahiobj ect of the invention to 25 optimze use of

the landing sapacity aheCimiedacld BEr&srref 4RI gL Qftelhe invention is to
reduce the ATC resources currently expended to respond SAMS 16/ 09/ 2005

approaches to arrival management are encapsulated
by their philosophical stance of “doing something
to the aircraft” once they are in Flight rather
than effecting a joint plan before the aircraft
ij 10 departs, where both the ATC agency and the aircraft
crew then work toward that plan. As a consequence
of this post-departure approach to arrival
management there is neo opportunity or reason for
chapge in the behaviours of airlines in the conduct
15 of their flights, and also no potential to capture
the operational savings on fuel/engineering or
‘better resource management (aircraft utilisation,

aground resources and airpoxt stands).

SUMMARY OF THE INVENTION

f;) 20 It is therefore an object of the present
invention to provide arrival landing slots
(Tactical Arrival Times or “TATs”)} at the
destination airport prior to departure.
It is also an object of the invention to
25 optimize use of the landing capacity at crowded
airports.
An object of the invention is to reduce the

ATC resources currently expended to respond

. SAMS




WO 02/ 082407 PCT/ GB02/ 01600 7 efficiently to randomarrival of aircraft in
the ATC control space. It is another object of the invention to capture

operational savings on fuel, engineering 5 services, and i nprotéd09/2005
managenment of aircraft, ground resources and airport stands. It is a

further objyygeinsfort he invention to provide airlines Wptp H&ﬁo’ﬂ gand
incentives to optimze the establishnent and execution o? t efor 10 flight

schedul es. Anot her object of the invention is to mnimze airborne del ays,
which are built into the difference between gate departure and gate
arrival times. 15 A further object of the invention is to stabilise entry
of arriving aircraft into the ATC procé&ss. It is also an object of the
invention to provide a stable platformupon which further "gate 20 to

gat e" refinenent s SE&HCIFRTHYI T rapfen REFi D eétabicrehe hyEAtion is to

provide a stabl eaptadd@iBr ofpat@st and scheduling benefits for users, a
platformwhich will serve as a_driver for the airlines which are users of

the invention 25 to cfrangePIArBRF BURGYI Yulrhe ayepraetit®es. The present
i nvention provi desaptuseheskit=2icAs] isvatpgk ManagereahgSysdrany (SAMS) t o manage

t he inboundsflowsg:;_[ iaci rscréatf .to an airfi elnglmpyofeggyériar}% that aircraft are
pre-sequenced (i.e& " befof e SAVEPIRGoT RIS ’

ground resources and airport stands.
It is a further object of the invention to
provide airlines with means and incentives to
- gptimize the establishment and execution of their
el 10 flight schedules.

Another object of the invention is to minimize
airborne delays, which are built into the
difference between gate departure and gate arrival
times. '

15 A further object of the invention is to
stabilise entry of arriving aircraft into the ATC
process.

It is also an object of the invention to
provide a stable platform upon which further “gate

20 to gate” refinements can be built.

Another object of the invention is to provide

ﬁ:} ' a stable platform of cost and scheduling benefits
) for-users, a platform which will serve as a driverx
' for the airlines which are users of the invention

25 - to change their behaviours and practices.

The present invention provides a Schedule
Activated Management System (SAMS) to manage the
inbound flow of aircraft to an airfield by ensuring

that aircraft are pre-sequenced (i.e. before

SAMS




WO 02/ 082407 PCTI GB02/ 01600 8 departure) into a uniquely devel oped arrival
stream The SAMS process uses operational data derived fromairlines and
then provides a col |l aborative 5 methodol ogy for sharing this dal&AR9H2005
air traffic control (ATC) agency in such a manner as to negotiate for
each flighivoadasdzi cal Arrival Tinme (TAT). The out compephpidtvicio

col |l aborative negotiation is a daily arrival schedule providing a 10
predeterm ned operational arrival tinme for each aircraft novenent. The
data used in the SAMS systemrelates to airline punctuality, taxi tines
at departure airfields and actual flightgtines predicted on a
flight--by-flight basis by airline 15 flight planning systens. This
information is coldrentdrelo iotb ectundgprledidevearedt prvdval ine at a  desired
navi gational fix. \hen, used in conjunction wth an optimn sed sequencing
process for the final arrival tinme, the systemthen creates a TAT for an
20 individual flight. Ber tHh¥Snprecesal 11rsugReTAiengll fatherE&sed prior to

departure for all @ichCiafiinat Zha SAMD HOWRLEAN RiLNRBsEatikBe system can
al so incorpgrate tactical updates to the TATs via ground to aircraft data

or voice conmnuni cEAEFBALLRYpFRF FHAREMRIGF I V’i\ggggﬁl%ﬁlﬁoul d be
consi dered a "basiteafSAMzoaysdENRTCIWddantheidlenehopnesnineanas doncor porati on
of a tactical update ule the . system woyl d.be.considergd an "advanced
SAMS systent. 30“3\??%9 ggfa%haﬁl |tgﬁlgacprlé:5flc%éﬁveat Tough effective
nodel 1i ng. Furthenmyre, tthe ertcopeodf this collaborative
negotiation is a daily arrival schedule providing a
';) 10 predetermined operational arrival time for each
alrcraft movement. The data used in the SAMS
system relates to airline punctuality, taxi times
at departure airfields and actual flight times
predicted on a flight-by-flight basis by airline
15 flight planning systems. This information is
combined to effect a predictive arrival time at a
desired navigational fix. When used in conjunction
with an optimised sequencing process for the final
. arrival time, the system then creates a TAT for an
20 individual flight. Fuarthermore, although TATs will
be issued prior to departure for all aircraft at a
. _ SAMS compliant alrport, the system can also
ai} . - incorporate tactical updates to the TATs via ground
to aircfaft data or voice communications. A pre-
25 departure only version would be considered a “basic
SAMS system.” With the development and
incorporation of a tactical update module the
system would be considered an “advanced SAMS
“system”.
30 Arrival delays are highly predictable through

effective modelling. Furthermore, the entry of

SAMS




SAMS 16/ 09/ 2005 WO 02/ 082407 PCT/ GB02/ 01600 9 aircraft into the ATC process
is stabilised by agreeing on a TAT and consequently agreeing on a, fixed
departure time. This combination of a TAT issued prior to depadff@I4ROQ5
fixed departure 5 tine is novel. In the past users- of the ATC system have
not been iWOOMB3#7Iin this formof collaborative nmanagegesboymiaeess - in
effect a joint decision between the airline users and the ATC 10 The

met hod of the invention optim zes aircraft arrivals at congested airports
by obtaining basic flight information for all flights scheduled to arrive
at an airport during a specified operational period, this information
including for each flight 15 a flight ndnber and a request ed Tacti cal,

Arrival Tine (TAD;.GLeatiRg .0 ' is Lght rmation target

TATs for each flig]fF Q??éﬁ?ng etﬁgéghﬁgggif'T #%ggéé?ﬁgggirlines

control l'ing these 29Fepgra 1 AcHdt ped iqegsenudnrtieagiacingnes antil there 20 is
g

acceptance of TATsik@h &dieseudd ivghts: rand dheanbsy B9 { itaal TATs, each TAT
for a flight being issued prior to departure of the flight. Airlines
share proportionalP§urt RFIREICUFABPHICUIBpY Gr £8%29 O8RRFeFGest ed TATs, such

measur es bei g optimnsald yovab Weh MHeegasBRIsEEs DESERE PARONy S HE DRAW NGS

The foregoing and, ot her objects, aspects gnd_ advantages will be better
under st ood from t R8VE Y %ﬁ%dnﬁ%‘ﬁgléﬂ JeScFPPEi%n of a preferred

" collaborative management process — in effect a
joint decision between the airline users and the
] ATC.
¥é) ' 10 The method of the invention optimizes aircraft
arrivals atbcongested airports by obtaining basic
flight information for all flights scheduled to
arrive at an airport during a speéified operational
period, this information including for each flight
15 a flight number and a requested Tactical Arrival
Time (TAT); creating from this basic Flight
information target TATs for each flight; offering
these target TATs to the airlines controlling these

flights; negotiating with the airlines until there

20 is acceptance of TATs for these flights; and then
isswing final TATs, each TAT for a flight being
2:) issued prior to departure of the flight. Airlines

share proportionally in a measure of departures

from requested TATs, such measures being optionally

25 weighted.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and

advantages will be better understood from the

following detailed description of a preferred

SAMS




SAMS 16/ 09/ 2005 WO 02/ 082407 PCT/ GB02/ 01600 10 enbodi nent of the invention
with reference to the drawi ngs, in which: Figures A through IF are a flow
chart showing the method of the invention in its best node of 516/09/2005
i npl ement ati on, beginning with establishment of the SAMS operation (Figure
1A), and cAdYe2081Y t hrough creating data bases and eduariBedmishF OCeSSeES
(Figure 1B), on the day operation (Figure IC), that TAT allocation
process (Figures 1D and 1E), and 10 operation to landing (Figure IF).

Fi gures 2A through 2D describe the steps in the comuni cation between
airlines and an air traffic control authority to establish TATS. Figures
3A through 3G descri be how TAT 15 requeé?s are opt| mal |y used in allocating
TATS against a te | PT. PREFERRED EMBODI MENT OF
THE | NVENTI ON The ?@‘?ﬁ%‘eﬁﬁ%ﬁ%"éﬁ?ﬁ egl}lsré’ *TH€20° dd€cri bing t he
invention: f. AircfeWinIATED ¢§)cbaircraft crew involved in execution of

techni cal aspeots of f kkgiies( £ GnzofPUa Hro GO 1ibl sl giinfnol neer) . AT

Traffic Control O‘fl cer - individual{s) responsi managenent of
aircraft. SAMVB he method of the invention in its best mode of
5 implementation, beginning with establishment of the

SAMS operation (Figure 1A), and continuing through
creating data bases and education processes (Figure
IB)( on the day operation (Figure 1C), that TaT
allocation process (Figures 1D and 1E)}, and

zw) i0 operation to landing (Figure 1F).

Figures 2A through 2D describe the steps in
the communication between airlines and an air
traffic control awthority to establish TATs.

Figures 3A through 3G describe how TAT

15 requests are optimally used in allocating TATs

against a template.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

The following glossary will be used in
;:) : 20 describing the invention:

L Aircrew Aircraft crew involved in execution
of technical aspects of flight ({(e.q.

Captain, Co-pilot, Flight Engineer).
ATCO(s) Air Traffic Control Officer -

individual (s) responsible for

management of aircraft.

SAMS




16/ 09/ 2005 WO 02/ 082407 PCT/ GB02/ 01600 11 ANSP (s) Gate to Gate GPT Hold

(ing) Air Traffic Service Provider - can be applied to either an air
traffic agency or a provider airport authority. Refers to vi ewl6/ @DL 3005

aircraft journey process fromdeparture parking position to arrival
parki ng pd¥¢f¥e8me7 G ound Progress Tinme - the estimate POfGhi2IER06 €qUi I ed
before any departing aircraft will be ready to take off. Del aying process

for aircraft awaiting or being positioned into a |anding sequence. 5 SAMS
Schedul e Activated -Management System Schedule Slot STD Taxi Tinmes Activity
of aircraft suggested by a time table or operational plan. Nom nated
aircraft; may béli ssued either by an airport

sequencing time for an
hat rnort oF

Fa
o T Ty

. 41 A s 4 4+ Ll and ~+ AN+
authority rel ated }ﬁ\léﬂtg) AT SOAir Trafiic %E%iééatl?rovi er - can be

applied to either an air traffic

agency or a provider airport

. authority.
Gate to Gate | Refers to view of total aircraft

| Journey process from departure

parking position to arrival parking

position.
GPT Ground Progress Time - the estimate
'y) of time required before any departing

_ , aircraft will be ready to take off.
F HoXd {ing) Delaying process for aircraft

awaiting or being positioned into a

] _ landing sequence.
5 SAMS Schedule Activated Management System.

Schedule Activity of aireraft suggested by a

_ time table or operational plan.
‘Slot Nominated sequencing time for an

aircraft; may be issued either by an
airport authority related to the
Aright to land at@ that airport, or
by an ATC agency as'a time band for
e an aircraft to be at a certain point
L;Q ' in space. |
STD Standard Time of Departure - time
published by an airline at which the

aircraft will leave the parking

position.
Taxi Times | Time required from leaving the

parking position for the aircraft to

reach the take off position.

SAMS




by an ATC agency as a tinme band for an aircraft to be at a certain point
in space. published by an airline at which the aircraft wll |eave the
parking position. Standard Time of Departure -- time Time requilibdd 94305
| eaving the parking position for the aircraft to reach the take off
posi tion. whWsifes 09/ 2005 WO 02/ 082407 PCT/ GB02/ 01600 ;@r,ﬁngﬁggo'b ng now to
the drawi ngs, and nore particularly to Figures 1A throug , there is
shown an overall flow chart of steps Al through A30 for a 5 best node of
i npl ementing the invention. Prelimnarily, (Al) an ANSP in Consultation
wWith wusers decides that an airfield should becone SAMS conpliant, or
Users request that the airfield beconmeiZSAMS conpliant. (A2) Airline
("users") 10 establishes databases to determne GPTs to be applied to each
flight nunber. The GPTREEETERBY NHdFPid BF2"RESai 314 H€T8eri ved el enents of
time, one rel ategatrei@irddipecpunetred ithycidRght hgr theretaxi tine for
expected runway in_use. As noted in 15 block (A3), punctuality can be
derived from any S38FR source such as ACARS, conpany estinmates, historical
airport or ATC data ovexQApayw tcargetes. steaxnlt timughl A3naored | y be deri ved
froma simlar daLa. SQHCEs UrnpiQHliliRg AverAgEd dformation.
Preliminarily, (Al) an ANSP? in Consultation with

users decides that an airfield should become SAMS

compliant, or Users request that the airfield
become SAMS compliant. (A2) Airline (“users”)
iﬁ} 10 establishes databases to determine GPTs to be
applied to each flight number. The GPT is the

addition of two airline derived elements of time,

one related to airline punctuality the other to

taxi time for expected runway in use. As noted in
15 block (A3), punctuality can be derived from any

data source such as ACARS, company estimates,

historical airport or ATC data or company targets.

Taxi time will normally be derived from a similar

data source or could be averaged information.

- 20 Orientation of projected departure runway will be

assessed from either meteorological data on the

i;} - day, reguirements created by local noise control

regulations or from statistical information.

(A4d) ANSP examines historical flight demand
- 25 planned verses actual traffic patterns and from
this creates in its data base an outline of optimal

‘arrival distribution based on reducing the number

of large wake vortex separation events. This is
used as a template for ANSPs SAMS software to
30 configure TATs requested by airline users. BAs

. noted_iﬁ block {A5}, data can be drawn from

SaMS




20 Oientation of projected departure runway will be assessed from either

net eor ol ogi cal data on the day, requirenents created by | ocal noise
control regulations or fromstatistical information. (A4) ANSPlé&/4h9A8905

hi storical flight demand 25 planned verses actual traffic patterns and
from thiswonspees in its data base an outline of opti wet/caediésal

di stribution based on reducing the nunber of |arge wake vortex separation
events. This is used as a tenplate for ANSPs SAMS software to 30 configure
TATs requested by airline users. As noted in block (A5), data can be drawn
from SAMS 16/ 09/ 2005 WO 02/ 082407 PCT/ GB02/ 01600 13 historical records,
airport slot information, tinetable infldrmation, or created on a day by

day basis from TAT requests. (A6) The output qf the .systemat this point
in the planning pﬁUé&? Trd éeggf) iE“F%Oﬁto?l%% 185?1“?1??‘85' arrival sequence.

(A7) ANSP then consitlettabié timfusedtsohp oregr@dddsbnps azgsdy atay verify

pl anni ng assunptiqns.. A3 SP.wor ks w .rlines.to tablish and test
comuni cati on sys?bear?ﬁ'.s %5@% T%ﬂsf? qug“f'deéhg’o%ggn?rﬁ%ﬁuctatoffgtﬁleand educat i on
package to ATCCs awtkeh atmppriepraiateid ithesplamintihg gpdveeseoi#t rOol agenci es.
(ALD) In addigiontq.exam nieng, el eaents 0f FRT a.ofdyther database is
created of correcthfaoﬁ ;(I?%?es to %ﬁe apﬁﬁ ed t’g dep%rtlfre routes on the basis
of the 15 difference bé&iledNShcihgal cansdlpt attddushst &8ce to be fl own-

(A1) Individual askhbNes pPackatapase: s BanSHNS Sebhv@igs. Thi s i ncl udes
t he cal cul ati on .
(AB) ANSP works with airlines to establish and test
communication systems. (AS8) ANSP provides
!5} 10 communication and education package to ATCOs and if
appropriate liaise with other control agencies.
(A10) In addition to examining elements of GPFT a
further database is created of correction times to
be applied to departure routes on the basis of the
15 difference between actual and planned distance to
be flown. (All} Individual airlines load database
inte SAMS software. This includes the calculation
of the variability of flight time for the SAMS
_ message to be sent to the ANSP. SaMS allows for
29 this to be fixed on a flight time/aircraft type
_ basis or variable on the day. BAlsc at this stage
.4;} : airlines integrate flight planning systems into
their system.
{Al2) Airlines produce individual technical
._25 packages and communication to cockpit crews. This
will include outline of system operation, technical
management, production of detailed cockpit
procedures. (Al3) TAT requests are provided to the
ANSP a minimum of four hours before operations
30 commence f£or any flight whose destination is the

SAMS compliant airport. This requirement can be

SAMS




of the variability of flight time for the SAMS nessage to be sent to the
ANSP. SAMS allows for 20 this to be fixed on a flight tlrre/alrcraft té

basis or variable on the day. Also at this stage airlines integ
pl anni ng systens into their system (Al12) Airlines produce indivi dual

techni cal wanmaskages and communi cation to cockpit crgdgepohige W | |

i nclude outline of system operation, technical managenent, production of
detail ed cockpit procedures. (Al13) TAT requests are provided to the ANSP
a mni mum of four hours before operations 30 conmence for any flight whose
destination is the SAMS conpliant airport. This requirenent can be SAMS
16/ 09/ 2005 WO 02/ 082407 PCTI GB02101600 4 satisfied if 1) all airlines

provide the ANSP with a SAMS nessage for each fl ifglht schedul ed during the
next day of operati®nstH® afrii fdd %ﬂ‘)}lﬁﬁﬁ Agvide fR¥edtHhg SAMS message

that is only 5 nodi Bmsi/mdagedfoaneaa:rpen@dj gche®ilsd @iridy tie the event
e the AEIPma |rrpose a TAT
Fhe AN

that a airline decli Qeé g rs{ltsag
by reference to tH&" hj s‘5t8r|%%":lra‘ ﬁ?nd mét?lor HRET ATH recei ves the
SAMS nessages inclradealgtrtghsm&quesaﬁdth@t denpahy TATs. These are then
processed bysthe nSYELE/MALGH COTPRLERIEOHESES Lo biggl peauences  and
aircraft of

| ooks for the best matc roduce re-sequence
t he same wake vor BEsat thppésa a'lthémmdeblmuénw@oﬁt% an over booking 15

profile to allow frl@:gsa%%r LHE %JS'POI% 1‘169565)‘3 The %gference to
the historical information. (Al14) The ANSP
o receives the SAMS messages including the requested
L) 10 company TATs. These are then processed by the
system, which compares requests to ideal sequences
and looks for the best match to produce blocks of
pre-sequenced aircraft of the same wake vortex
types. The model sequence contains an over booking
i5 profile to allow for perturbations. {Al5) The ANSP
offers TATs to airlines on the basis of the
following priority: 1) as requested; 2) within the
parameters declared by the airline; or 3) later
than the parameters offered by the airline.
20 (316) In the event that the airfield handles
_ long range arriving aircraft the process of
1:) - building the arrival sequence of TATs will vary in
| the following way. (Al17) Long range departures
will be allocated provisional TATs based on
25 producing blocks of heavy classification wake
vortex aircraft. The timing of these blocks will
be built up around the optimal projected. sequence
for the planned traffic seéuence taking-account of
the expected short haul traffic (short range).
30 {(A18) Given that long range aircraft will have

their initial TATs issued based on the weather

SAMS




offers TATs to airlines on the basis of the following priority: 1) as
requested; 2) within the paraneters declared by the airline; or 3) later
than the parameters offered by the airline. 20 (Al6) In the evedt/A®haf 2045
airfield handles Ilong range arriving aircraft the process of building the

arrival sewoetosqof TATs will vary in the foll ow ng WayrcisisselONg range
departures w1l be allocated provisional TATs based on 25 producing bl ocks

of heavy cl assification wake vortex aircraft. The tim ng of these bl ocks
will be built up around the optiml projected. sequence for the planned
traffic sequence taking account of the_expected short haul traffic (short
range). 30 (A18) G ven that |ong range drcraft will have their initial
TATs issued based Mo / 5 / 7

PCT/ GB02/ 01600 15 %%g Pg J‘%@%Q?m to tjagcgg%& Qla?ly\f)%ﬁggf Qfﬁtgl% of the short
range aircraft an angdat eargmeosdsaraifs an miptlabe arocAss dspr edet er mi ned di st ance

fromthe SAVE conpliiabiedi rhi ¢ réé&erﬂmé@loqsagnw%remtmé 5 to the North
Atlantic Track systemfor aircra I nbound to Western Europe) |ong range

aircraft pass an Siffdat@wpliaTt raéqﬁé%ltd (fpe geErdedr fheee™FAY al | ocation

process is ragpeated end dohenaticheid rrabk Nfschh Ravait8eddst ori gi nal TAT
confirnmed or 2) 1Q are jssued a new TAT to fit theminto a revised ——

sequence. (A19) V\V’r@ﬁ"%’?ﬂ)rtP Verhgan THrOPS el ¥ ERURY A REYPIaPB®Dr ocessed in
t he normal way butnat@idied! TATURequest. The pre-departure TAT -

allocation process is repeated and the aircraft

. either 1) have their original TAT confirmed oz 2’
. ) 10 are issued a new TAT to fit them into a revised
sequence.

(A19) When short range TATs are received they
are processed in the normal way but are built up
around the blocks of long range (lieavy) aircraft.

15 {420) Based on the provisional sequence created as -
- described above, the ANSP then passes the TATs
‘matched to flight numbers back to the airlines with

all airlines receiving a list of all TATs allocated
for the period of operation. The period of

20 operation would normally be the primary operating

hours of the airfield, typically 0400-2300 (local

g:} time) . However with airfields in locations remote
from population centers this period may be extended

te a 24 hour rolling period. {A21) The seguence is

25 also passed to ATCOs who can then anticipate TATs
that will be declared by incoming aircraft. When
the SAMS system is used in coordination with an
arrival management tool built into the ATC computer

system the TATs can also be pre-loaded so that they

- 30 provide a rule guide for the final sequencing

management of traffic. On arrival in the

SAMS




around the bl ocks of |ong range (heavy) aircraft. 15 (A20) Based on the |
provi si onal sequence.created as described above, the ANSP then passes the l
TATs matched to flight nunbers back to the airlines with all a6/G%é2005
receiving a list of all TATs allocated for the period of operation. The

peri od of wOempswati on would normal |y be the primary operégizagoo hours of

the airfield, typically 0400-2300 (local tinme). However with airfields in

| ocations renote from population centers this period may be extended to a

24 hour rolling period. (A21) The sequence is 25 also passed to ATCOs who

can then anticipate TATs that will be declared by incom ng aircraft. Wen

the SAMS systemis used in coordinati onffith an arrival managenent t ool

built into the AT g;@u_t r Y. t TS . re-1oaded so that

t hey 30 provide a(are%? gt??d%T¢oS%E?ﬁ}e f}fg?ngé—?oé Saéggg%ﬁdc?gégfaﬁtgnagenent of

traffic. On arrivalilincedrsANSiTeTADMRODANEO 02/ 082407 PCT/ GB02101600 16

desi gnated ATC sector {0h)tffdAlbhtfhndadhis Gkl aolhefQnkhem their TAT

w th ATC. (A22) Once confirmed as final allocation the airline making a
flight may then tPéatinn@aiie astEightsmayythept txaaF then™™wap TATs bet ween
aircraft of sthe sag®uMakeryGlalyeXndry RRap OfATs Bét&rcEATS: Miblir adher  users.

(A23) Aircrew are Lssued with TAT before deBarture and usu}izlally as part of

the pre-flight 18™bri%8Fi KYFDroTess WBR L5 §789%"P4F Hd GhiYue virtue of

t he SAMS system assédxe prior know edge of :

(AZ23) Aircrew are issued with TAT before
- departure and usually as part of the pre-flight
 m) 10 briefing process: This is a vital and unigue
virtue of the SAMS system as the prior knowledge of
TAT at the fuel planning stage enables the crew to

avoid the loading of unnecessary fuel that

previously would have been carried to meet unknown
i5 holding delays. (A24) Crew will then manage the

departure and taxi of the aircraft to arrive at the

take off position at a time eguivalent to the total

of the GPT after STD. (A25) Aircraft departs at

the requested time and crew then manage the en-—
20 route phase to achieve the TAT. All methods of en-

route speed management are useable with SAMS, with

;:} the only proviso being that normal procedures are
followed with ATC. All fiights are required to
file a filight plan when flying in controlled

25 airspace, or if required by State law. As part of
the flight plan a speed will be stated for the
cruiée portion of the flight. It is permitted to
deviate by up to 10% from the is speed without

notifying ATC. If a change in altitude is required

30 to facilitate a speed change this must always be

agreed with ATC. (A26} When the aircraft arrives

SAMS




TAT at the fuel planning stage enables the crewto avoid the |oading of
unnecessary fuel that previously would have been carried to neet unknown
15 hol di ng del ays. (A24) Crew will then manage the departure addéAGXY 2605
the aircraft to arrive at the take off position at a tinme equivalent to

the total wel b, GPT after STD. (A25) Aircraft departg.pt 2?9?&) request ed
time and crew t hen manage the en 20 route phase to achi eveB? ST,

Al'l -met hods of en- route speed management are useable with SAMS, with the
only proviso being that normal procedures are followed with ATC. All
flights are required to file a flight plan when flying in controlled 25
airspace, or if required by State law. B part of the flight plan a speed

will be stated for the cruise portion of the flight. It is permtted to
devi ate by up to FRFPEBALhees®rspeewapyt Hodeclaigs )¢ iPTATC. If a change

inaltitude is re%eeﬂeﬁ%m frackhi it BoSBREHiLNRNGS Jhis nust always be
agreed with ATC. (A26) Wen the aircraft arrives SAMS 16/ 09/ 2005 WO

02/ 082407 PCT/ GBOZFH180D "PPPet AfePHiHES - sett 6POBHLIAESP VS t decl ares the TAT

together with itspestivmi €of GtheOATEd MR P HS a0l indiicadSom gkunber of m nutes.
n indication of 5 final

It should then be_,possible for. the ATCO t ive

time off inifial ifilgafftlfﬂgqﬂ‘%f?éa}pj(aﬂ‘z%xLirﬁoégguﬁ‘? e is a space in the

| anding sequence creatred) bynlzskatierai Lerafbacanneahé ylandingraft will be
hel d for up to a pLedleler Piiedy AYIPRLeOT iTLIMES (et ,15) The exact

nunber wi ||
aircraft will be held for up to a predetermined

- number of minutes (e.g. 15) The exact number will
hv) 10 be determined based on average holding for each
airfield under congested conditions. (A28)
Alrcraft wi;l be landed as soon as possible as no
aircraft will deliberately be late. An on time
aircraft will land in its assigned sequence, in
15 preference to an early aircraft which will be
sequenced intc the first available gap in the
landing sequence or held until they reach their
pre-assigned TAT. Late aircraft may however still
expect to hold in anticipation of a gap in the
26 flow, but will be giﬁen preference to an early
aircraft since being early - arriving in advance of
'y;} | your TAT - is considered to be trying to beat the
requirements of the system.
(A29) Aircraft are sequenced into landing flow
25 based on optimal tactical sequence after executing
no more than one holding pattern. The aim of the
sequencing will be to ensure that the logic of SAMS
is followed as far as possible and that the
controller bunches aircraft into blocks of the same
30 wake vortex types, which reduces holding delay by |

making the sequencing more efficient and generating

SAMS




- 10 be determ ned based on average holding for each airfield under
congested conditions. (A28) Aircraft will be |anded as soon as possible as
no aircraft will deliberately be late. An on tine aircraft w L6AGHE2085

its assigned sequence, in 15 preference to an early aircraft which will be

sequenced wplhsosdde first available gap in the |andi ngpspap®ng&eor held
until they reach their pre-assigned TAT. Late ai rcraft may (mvvever still

expect to hold in anticipation of a gap in the 20 flow, but will be given
preference to an early aircraft since being early - arriving in advance of
your TAT - is considered to be trying to beat the requirenments of the
system (A29) Aircraft are sequenced ini® |anding flow 25 based on opti nal
tactical sequence after executing no nore than one holding pattern. The
aimof the sequer”dM§iawnal 1pedtny eheti-e fhdret REetodPeto™ SAMB s

followed as far aSur@:QSﬁiaem @eafckRabn theuedNle gl 184a ubehasoai reraft into
es hol di ng del ay by

bl ocks of the same 0 wake vortex. t pes which r LiC
meki ng the sequencl R°HE% TBRYI%i éﬂ? ahg @Je"?'FéFéfil‘Hg SERESUE/ 89/ 2005 WO

02/ 082407 - PCT/ Cz2184:6RaQ ﬂtﬂocaadﬁilrélmabvéﬂﬂdlgngo shatrent | n the event that
a. bl ocked runway,

an unpl anneg pertur a}llon cgurs, gq ? ather grem

then the airfield vm HreXeRnTe s pr gg O%Wg Bceddr Yreverti ng to
current 5 hol di ng witdceddreslopEd Shifagm @quailjetﬁngeéﬁEmce wi || be devel oped
through a Quality &hsSer Yl CoeryTBBSHIR1 kg RRENLES LRYS] AQreenent. (A30) The

aireraft is landed, and the achieved time at TAT
. fix is recorded and made available to all users.
‘~) 10 Turning now tc Figures 2A through 2D, there is
shown the steps in the communication process
between airlines and an airport traffic control
{ATC) authority. As shown in Figure ZA, airlines
210 pass their TAT reguests 215 to the ATC system
15 205. Bach TAT request contains four pieces of
information: the aircraft flight number, the
specific TAT requested by the airline, a time
flexibility range (+/- minutes on TAT}, and the
wake vortex type of the aircraft (for example:
20 heavy, medium, light)}. These are processed by the
ATC looking at best fit 220 against an optimal
?;) arrival sequence as defined by a collaborative
negotiation between the ATC and the airlines.
Provisional TATs 230 are then issued, as shown in
25  Figure 2B, not less than four hours before the
first flight of the operational period. On receipt
of the TAT from the ATC the airline either accepts
oxr declines the TAT. If it declines the TAT it
resubmits another TAT request 235 for this
30 aircraft. Issued TATs 240 will either be as

IEQuested by the airline, or within the speed/range
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aircraft is landed,- and the achieved tine at TAT fix is recorded and nmade
available to all users. 10 Turning now to Figures 2A through 2D, there is
shown the steps in the communication process between airlines abd 3/ 2005
airport traffic control (ATC) authority. As shown in Figure 2A, airlines
210 pass th@udnsdhd requests 215 to the ATC system 15 Zpﬁﬂgﬁﬁﬁgmﬂ'AT request
contains four pieces of information: the aircraft flight er, the
specific TAT requested by the airline, a tine flexibility range (- mnutes
on TAT), and the wake vortex type of the aircraft (for exanple: 20 heavy,
medium light). These are processed by the ATC | ooking at best fit 220
agai nst an optinmal arrival sequence asl®efined by a collaborative

negoti ati on between the ATC and the airljnes. _ . Provisional TATs 230 are
then issued, as sHBWMPFIH2EL bR DB AUT*HPELET N GAVEOY fB%rs before the -
first flight of'therdperaki @radatperi adis Qrokcesei f repéatdiead AT fromthe ATC
the airline eithe>r<l accepts .or gecl iine?.tuhrt?E @\T.Whleﬂl %tna%ecl ines the TAT it
resubmits anot her "TAT T& G‘es}%s 5381 6F' t 15 °30 4i' T Craft™®1 ssued TATs 240
will either be asagremeestbd depchdd aadrdiingAToerhamet heent he speed/ range SAVS
16/09/ 2005 Vo 02/ 9§.§e3n%ﬁ-zf§yh?59ﬂp%}§0&e%9mxﬁég- t0Patd, §s the time
flexibility) given the airline"or operator- I'S process is repeated as
necessary. As sho##tabdifhedipad2@capied, favRalalar &ffert 414 reached and al |

TATs have been 5 aceRbtedsa42 thgR LPOrdhehhefhimkes t@eTATS, as

issued to operating pilots prior to flight.
The use and updating of TATs may be described

L

10 with reference to Figure 2D. There is a time
period 255 between push off from the gate and
takeoff, a climb 260 to altitude, and then cruising
265 to a navigational fix 270, followed by descent
275 and landing, with a time period 280 between

15 landing and arrival at the destination gate. Once
the aircraft are in flight it is possible to revise
TATs using the same speed variation parameters as
were used to determine the initial TATs. However,
revisions 294 weould only be carried out in the

20 event that factors not forecast 290 affected the

_ arrival flow 292. HNote that the airport SAMS

=::} ’ system communicates 285 with aircraft in flight

using air/ground data or voice to update TATs if

required.

25 | } Allocation of TATs
At the planning stage for the SAMS sequence
for a particular operational period, the ATC will
have been passed the TAT réquest for all operators
and flights. In the event that no information is .

30 provided for a flight that is Xnow to be operating

SAMS




established and accepted, available 250 to all airport users. These are

then available to be issued to operating pilots prior to flight. The use
and updating of TATs may be described 10 with reference to Fi gltd @9/2005

There is a time period 255 between push off fromthe gate and takeoff, a

clinb 260 W@ ¢géshdob ude, and then cruising 265 to a navi 96*"5@‘%"""%6"“ x 270,

foll owed by descent 275 and landing, with a tine period etween is

| andi ng and arrival at the destination gate. Once the aircraft are in
flight it is possible to revise TATs using the sane speed variation
paranmeters as were used to determne the initial TATs. However, revisions
294 woul d only be carried out in the 202kvent that factors not forecast 290

affected the arrival flow 292. Note that the ai éq[i)ort SAMS system
communi cat es 285 it S7¥craftT vt sigit PaEREt et BegPERHPUsAY a or voice to

update TATs if refgckeskd.25pAdreCahd @R r0fnebAEan Ale tiBeudd aRBing stage for
eriod, the ATC wll have

t he SAMS sequence _ for aéjpgﬁr i cul gr qQper at i onal
been passed the TAT Y&tk B APP BEEr AYHER ™y FPPRRS. In the event
that no informti eergisnd) iptowhden fer faidHusghén tdeaput sadanowet o be

operating SAYS 16,9/ 2003 W@ 021082407 PCT/ GB02/ 01600 20 that day, a TAT
will still be created as previously described- Before the airlines can be

i ssued their provisi divel pTdcRsst he SANBL Yy shenTAlSeqeenad e a sequence into
which the flightsyeaid6:Phta 3Rdel MRnerated by the allocating
system software, or alternatively through the use
oy of a paper based process. As shown in Figure 3A,
-y 10 this model 300 will have in it a theoretical
sequence of aircraft by TATs derived from a
combination of airline timetables 301, airport
slots 303(if applicable) and historical arrival
patterns 302. Prior experience data provides a
15 guide to the likely mix of traffic, and _makes it
possible not only to aim at az pre-optimized arrival
sequence but also to predict what the gains will be
at the airport in terms of additional slots. The
model 300 will be a template for sequencing of the
20 aircraft into blocks of like-wake wvortex types (as
' shown in item 300 in Figure 3A) which will provide
f;} . : a first level of processing for the incoming‘TATs.
This model 300 serves as a template for the
allocation of TATs on any operational day. For the
25 purposes of illustration, the model 300 shown in
Figures 3A through 3F shows a one hour time peﬁiod
from 0800 to 0900, divided into wake vortex blocks.
For simplicity, three wake vortex types (Heavy,
Medium and Light) are shown, although in actual

30 practice more than three wake vortex types are

used.

SAMS




5 TATs derived. The process of creating the TAT sequence begins with a
nodel generated by the allocating systemsoftware, or alternatively
t hrough the use of a paper based process. As shown in Figure 3A6/109¢RI0H5
nodel 300 will have in it a theoretical sequence of aircraft by TATs
derived fr nmbi nation of airline tinetables 301, jai sl ots
303(if apa??gzgoglz@? and historical arrival patterns 305&’%?@@?60%xperi ence
data provides a 15 guide to the likely mx of traffic, and rmakes it
possible not only to aimat a pre-optimzed arrival sequence but also to
predict what the gains will be at the airport in terns of additional
slots. The nodel 300 will be a tenplate for sequencing of the 20 aircraft
into bl ocks of |ike-wakeevlprextioppes 12ds witowhei as§acdatdD0 in Figure 3A)
which will providegrqupfihgSde henelwaRt R:RCRSSINGaEL 14 RExépcom ng TATs.
This nodel 300 serves as a tenplate for the allocation of TATs on any
operational day. FOPCHS ”25‘%&%8%%‘1901"6{‘?#% ERRT GRMSt He 2RdBlel 300 shown
in Figures 3A t hreughodkceshowse 3anfegpedsicH itlaseap@_{%aqd fr(lzm 0800 to 0900,
divided into ke vortex hlQcks.., Faor sinplicity, three wake vortex types
(Heavy, h/Edigl{I\?n arffEFgY é?egrs‘%f}wﬁy §F?h‘b‘{?§ﬁl¥n€fafclﬂcﬁl’é'l’c336fpr actice nore
than three wake vatieekxotalpesrarad phseds. SAMEs1660i26051 WDs624 082407
PCT/ GB02/ 41640 21 e @l |.ocatlon, of AT, $it B.1fig Agsoglat ed  grouping of
| i ke wake vortex aircraft 1S a key :
. carrier efficiencies which are enabled by pre-

departure TATs. In achieving this outcome the
‘;) i0 system needs to be transparent in both its
h . processes and the outcomes of them to ensure that
all users can have confidence in its fairness.

The first step in the allocation of TATs is

the receipt of the SAMS message shown in Figure 3B.

15 The message contains the wake vortex type 313
{represented by a letter, in this example “M” for
“Medium”) of the aircraft, the requested TAT 311
{shéwn by a horizontal dotted line in Figure 3B},
and the time window 310 created by the ability of

20 the aircraft to vary its cruise speed within
predetermined parameters. The requested TAT 311 is
a time, illustrated in Figure 3B by an intersection

ﬂ;) : : at some point 312 on the model 300 between 0800

hours and 0900 hours.

25 _ The allocation system will first test to see
whether all the reguested TATs can be satisfied,
but this outcome i's unlikely in an airport and time
frame which is crowded and for which the SAMS
process provides a solution to overcrowding. In

30 solving ovércrowding, the logic of the SAMS system

tries to create “packets” of aircraft of the same

SAMS




process in realising the benefits that SAMS is able to produce. The SAMS

approach to arrival 5 nmanagenent is driven by the overall efficiency of
the total arrival process. This benefits all users for the readdrs0%ya08b

above - primarily, the «carrier efficiencies which are enabled by pre-
depart ure Wbsges2do? achieving this outcone the 10 systeprpepfnidos L€
transparent in both its processes and the outconmes of themto ensure that
all users can have confidence in its fairness. The first step in the
all ocation of TATs is the receipt of the SAMS nmessage shown in Figure 3B-
15 The nessage contains the wake vortex2iype 313 (represented by a letter,
in this exanple "M for "Mediunt) of the aircraft, the requested TAT 311
(shown by a hori zoWt's vasteedyYPs ne ThHs migipbzespfhe i tiA®ad i me wi ndow 310
cr egt ed by tge abi tirey 20 dTiﬁsQaa&@ s@bfﬁé&t@%%_ri%qﬁf&ébf £d:8 tl_ﬁ?{;lkﬂe&_el ISIoeted \thj hi n
redet erm ned parangters, e requeste ] is a.tinme, illustrated in
Igi gure 3B by an in?%éé?i‘i?nfoﬁlt‘ﬂ"sl')‘ﬁ%‘”ﬁ&i ALTFPE Lon® the AU 300 bet ween
0800 hours and 090fébdradss, tdhs hamattoaeahbon 1aysi e Wikhid ithet test to see
whet her all the fes%%%slc%’e TATs ca O‘peevéath?fic%gbe be%t etg%s outcome is
unlikely in an airport and tine frane whith 8 ¢ bwded®and for which the
SAMS process provirgetisg S'ehokstoli {9 theer somwdingraitnm8p sekvi ng
overcrowdi ng, the L 3 Les: 1o cat 6" packets" of
aircraft of the sa"Jr‘?gg%gA’ﬁg f%?%&ﬁ%é%yv%&g‘gﬁl“oté%lﬁog”&ﬁc?ic‘%‘ 2751600 22
another vortex type, and therefore cannot be

satisfied. Once this has been determined, the
10 systém will use the time flexibility provided in
the TAT request message to find an alternate TAT
consistent with the reguest.
The resuliing increase in the capacity of a
SAMS compliant airport to handle arrival traffic
15 needs to be balanced against the competitive needs
of the airline users of the SAMS system. The
system must be fair, and be segen to be fair by the
airlines participating in the SaMS collaborative
process. To achieve this SAMS provides a measure
20 of departures from requested TATs, such that over
time this measure is shared proportiocnally by the
users. For example, a suitable measure of
1;} departures from requested TATs for an airline could

be the average number of minutes per £flight. That

25 is, if an airline landed three aircraft and one of
them was given a TAT thirty minutes later than the
- reguested TAT that would be an average of ten -
minutes per arriving flight. This measure is’
incd:porated intc the SAMS logic in such a fashion

30 that, over time, it will be more or less the same

for each airline user.

SAMS




wake vortex type. This mnimzes the additional tinme and distance
separation required for lighter aircraft to follow heavier aircraft in a

l anding corridor, thus permtting nore |andings within the 5 sah®/0i%2005
frame. However, the consequence of creating "packets" is that sone

ai rcraft nawo bezosmo7 request ed TATS that are within the tpdRehaekss oOf

anot her vortex type, and therefore cannot be satisfied. Once this- has been
determ ned, the 10 systemw || use the tinme flexibility provided in the
TAT request nessage to find an alternate TAT consistent with the request.
The resulting increase in the capacity of3a SANS conpliant airport to
handl e arrival traffic _15 negfs t%_be bal anced agai nst the conpetitive
needs of the airline us&Fs B tTe FBAVEEyEreMayThe "pstemiust be fair,
and be seen to be ftdier nimparhef misskhqes,partiei pathdrgoirn t he SAVS

col | aborative pro | ev hi.s,SAMS provides .a, neasure 20 of
departures from re%%%é%%%e%r%%?s’sEgﬁo%lﬁgtedo"\"/let?' ‘Q’{"'f' e Kt %Y measure is shared
proportional |y by ttRéshiserdn fgs ewaniptbe demuitablia measwese of

departures frgmre t f L o h ver age nunber
of mnutes per fli gldF'iltg1§ ?’%a;l[ %esitg? F%T glr)\{;%# ?ﬁ%i %Igﬁ}lgﬁégg I%th%gg aircraft and
one of them was gf¥EPFm of ARgSERpess miffeclasl| ar efhet hambehef request ed TAT
that would be an apesagReeiniRR afiddbas NS tAfs i M09 flddhtpe This neasure
is incorporated into the SAMS |ogic in such a fashion 30 that, over tineg,
it will be nore oraYee‘?é?efih‘évesraﬁ’éeq?%Plelaeweai pf infesaREILS, SARB 16/ 09/ 2005

passenger miles, for an airline’s flights which

_ﬁ} 10 arrive at the airport. Similar measures will be

evident to those skilled in the art.

Ensuring fairness would alsc work at other
levels. Carriers typically have competitive
schedules which promulgate the same arrival times.

15 Clearly it is not possible to land at the same time

'so where there are competing TATs a simple rotating
priority could be applied. A further option to
equalize the measure would be to shuffle the
‘sequence of flights within a packet. Still another
20 approach would be to set up a market among the
airlines for the purchase and sale of units of the
- measure in order to achieve parity.
;;} _ . The SAMS messages received by the ATC agency

from the airline contains a span of possible

25 arrival times, derived by the airline from its own .
information. The TAT flexibility that is given by
the airline shows the variation in arrival time at
the nominated fix that can be achieved by the
aircraft within the flight envelope described by

30 the normal flight planned route. Within this‘span
will lie the airliﬁe’s preferred TAT. If a TAT is

SAMS




WO 02/ 082407 PCT/ GB02/ 01600 23 Optionally, this nmeasure may be wei ghted by
t he nunber of passengers, or the nunber of passenger mles, associated
with the arriving flights. In this event the departure in M nut 86/9 342605
the requested TAT would be multiplied by the nunber of passengers
affected, ovooysaunber of passenger mles affected, apEpéiizpidhs gure woul d
be averaged over the total nunber of passengers, or passenger mles, for
an airline's flights which 10 arrive at the airport. Simlar neasures wll
be evident to those skilled in the art. Ensuring fairness would al so work
at other levels. Carriers typically hav corrpeti tive schedul es which

promul gate the San%v@ﬁ\[.ﬁaii‘gtg tésrrgé bl%hetgﬂf Ia% ;ﬁléi@m }s]si ble to | and at

the sane time so &8t ati ng
priority could be &pphitat ﬁefiuﬁSth@rbyophe onrtibne,ecpual wztexmhmemsasure woul d

be to shuffle the w§@au%0@wffﬂeuma%ywéh@' ! B l%g%Fgém he tﬁgowj{:hgge

approach woul d be to set up a nmarket anbng I HeS
and sal e of units 8#r¥47dt vldslibenibe éP%I%rtOt@E%tchhemsmnﬁ@yl’ATThe SANVB

nmessages recejved by ddi@nd T agents LGt P a1k bhg%&g@gﬁé Rg @ span of
possible 25 arrival tines, derived by the airline’fromits own
i nformation. The TRFYLPExTH PLegrachaePILugrviiteny UlH@aspT4 A& shows t he
variation in arrivad ahtmelp&ttedtMtneﬂ&:@Md {d xstheli«gan e achi eved by the
aircraft W|th|nt ll,gh enve de cr eh(ge gBOthe normal flight

%‘? e§8ﬁ% SEPRTI® @ifRUtErred TAT. If a

pl anned route.

TAT i s the airlines will plan thelr flights to leave later
:.) 16 in the time tables. That is, departure time will
o be derived from an arrival time, a novel but

logical result enabled by the pre-departure
allocation of TATs.
TAT messages are received from airlines and
15 other aircraft operators. = These messages provide
- the SAMS system with the three pieces of data that
are required to sequence the aircraft and then
allotéte TATs. These are: requested TAT, time
‘ flexibility range and wake vortex type. This
20 information is represented diagrammatically in
Figure 3B by a vertical bar 310 representing a
_ period of time covering the flexibility range, a
' f;} horizontal bar 311 indicating the requested TAT
within the time period and the letter 313 of the
25 ‘wake vortex type. Although the full range of wake
vortex types is normally five or six, the diagrams
illustrate three (H for heavy, M for medium and L
for light) to simplify the discussion.
An illustrative set of messages 320 is shown
30 diagrammatically in Figure 3C. The SAMS system

will then look at the requested arrival times,

SAMS




SAMS 16/ 09/2005 WO 02/ 082407 PCT/ GB02/ 01600 24 eventually issued by the ATC
agency that is other than that requested by the airline, but within the
width of TAT flexibility, the crew operating the aircraft will ¥®£09€005
able to neet the assigned TAT 5 by making adjustnents within the flight

envel ope oo odagdgNg t he planned departure tinme. Uti i IS
anticipated that once SAMS is established and the TA‘T’g’Eg}g)cégzrjrtggﬂgt abl e at

the destination airports, the airlines will plan their flights to | eave
later 10 in the tinme tables. That is,. departure time will be derived from
an arrival tinme, a novel but |logical r@sult enabled by the pre-departure
all ocation of TATs. TAT nessages are received fromairlines and 15 other

aircraft operator sOVerHESethiss eagEw prerd d80 thelsmvy spstaswith the three

pi eces of data thaind akekreavuied the sRquUerca ikhe @e;c%l_@heé.t and then
al l ocate TATs. These ,are: requested TAT, tine flexibility range and wake

vortex type. This DFICARBTHES driieved &yt 65Hred o MptdMahtically in Figure
3B by a vertical a3t sapeesate PgnRstPerirdd Hid tthaenedeer i ng t he

flexibility range, horizontal bar 311 indicating the, requested TAT
within the tisrare peorl?gﬁcg?ﬁ?stﬂ J=erpes wf%@ %?rtfeﬁetlﬁ%swakgh?/ortex type.

Al t hough the full fianyepadftewake llvprdwedety pessilslendadmhdsy five or six, the
0 ! BB S e i o L onD o
maximising the overall efficiency of the system
through reduced holding periods and increased
:1} 10 movements. To enable this balance to be achieved
it is necessary to consider the effect of the
allocated TAT on the total block time of the
individual flight, and then reduce the amount of
total holding delay and verify that the grouping of
I5 aircraft into “packets” of like vortex type enables
the increased movement rate (i.e. increased number
of landings) to be achieved for the airport.
" Figures 3D, 3E and 3F, respectively, show how
the TAT requést and flexibility information and
20 vortex type for aircraft arriving in a time period
(0800 to 0900) are used to assign TATs,
. . respectively, for aircraft of vortex type heavy,
T;} ‘.medium and light. Figure 3D shows the “Heavy”
aircraft 330 from the illustrative sample shown in
25 Figure 3C. In this example there are three “Heavy”
aircraft, and each are allocated TATs 331 in the
“Heavy” wake vortex block in the model 300. ©Note
that the assigned TATs are different from the
requested TATs. The TAT allocations 341 for a half
30 dozen “Medium” aircraft are shown in Figure 3E,

derived from the information 340 provided by the

SAMS




30 diagrammatically in Figure 3C. The SAMS system w Il then |ook at the
requested arrival times, SAMS 16/09/2005 WO 02/ 082407 PCT/ GB02/ 01600 25
overlay themon the nodel 300 it already contains and seek to blbl/dIh2005
nost efficient sequence. Efficiency is achieved by creating an opti nal

bal ance betw®easidre request ed TATs and t he nunber 5 of #f grouped
wake vortex types. The final pattern will provide a sensible bal ance

bet ween the potential for delays on ground and mexim sing the overall
efficiency of the system through reduced hol di ng periods and increased 10
novenents. To enable this balance to be Zchieved it is necessary to

consider the effect ,of,the _allocated TAT on the total block time of the
i ndi vi dual flight, *AA0 en P deat (He 2hntRATE ofc ingEarceiérdi ng del ay and

verify that the graupi Thy ekodbicd L6raiibri td ancpackehs" " t0fgnki ke vortex type
i ncreased, nunber of | andi ngs)

enabl es the increg ?ﬁhmrrgnerrent rate é{k
to be achi eved for 't he arF pOtH- PEF i S8XSFOrER: ATQUBENY MBSt i vel y, show
how the TAT requesitlamd the eidichtdd filatoritaty arngad 20 swowd @¢ type for
airoralt arriying LAl neLlos. 60900 bo P900L L usgd, to assi gn TATs,
respectively, for aircra vortex type et Uh ARY | | ght. Figure
3D shows the "Heavjtourgi PErshows 3By themiigbt | I‘cilurstaﬁlt i3566 Smmpl e shown in 25

Figure 3C. In thi SuexaERbe: lhBHE ﬁ{@li L3¢ TR oo Al CERES , and each are
al l ocated TATs 331 in the "Heayv e vortex block int rmdel 300. Note
351 within a “nght” wake vortex block.
Figure 3G illustrates the issuance back to the
10 airlines or operators of the TATs 361 that have
been built up as described in Figures 3D, 3E and
3F. The final times 360 issued will take into
account the likelihood that there will be some
late/early arrivals, which can be managed through
15 the system resilience. It is expected that the
system will operate to the required level of
efficiency {reduced delays and increased movement
rateés producing the consequent financial benefits
- to the airline users of the system) if 80% of
20 flights are able to adhere to a window of plus or
minus two minutes around the allocated TAT.
_ SAMS is robust in its design and takes into
{J} account that some aircraft will on occasion arrive
early (attempting to create an advantage in the
25 flow pattern), and some will arrive late due to
operational reasons, e.g. passenger handling
. problems. In constructing the TAT schedule this is
taken into account by providing slightly more
arrivals per rolling hour than the declared
30 capacity of the target runway or airport. Although
this could be achieved by a number of methods the
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that the assigned TATs are different fromthe requested TATs. The TAT
allocations 341 for a half 30 dozen "Medium' aircraft are shown in Figure
3E, derived fromthe information 340 provided by the SAVS 16/ 09/&008 ARHO05
02/ 082407 PCT/ GB02/ 01600 26 airline. Note that in at |east one instance 342
t he TAT prexiodestsgsn order to include the flight wthigcg@pafEmpPri ate wake
vortex grouping was not wthin the indicated flexibility range, as shown
by 5 a broken |line extension of the flexibility range. Figure 3F shows how
the "Light" aircraft 350 from the sanple shown in Figure 3C are all ocated
TATs 351 within a "Light" wake vortex BFock. Figure 3Gillustrates the

i ssuance back to the 10 airlines, or operators_ of the TATs 361 that have
been built up as d8eXISShEd TSrRfghT &8 ST52t8ErYHF1o3%. TAfe #9thal tines 360
:ssu/ed w: Il take :w@\xﬁg@ﬁm@b rglne blyi Kﬂdhﬁ@?drédﬂﬁi?% hﬁlLeepyu'ddedbe so_rrle_
atel/early arrivals, iC n,be managed. throu the systemresilience.
It is expected tha?lﬂehgerjs?fgﬁ’gﬁ?‘?/ﬁq e §t£ejt°8'gltﬁ‘é required | evel of

ef ficiency (reducegpedekaysalaydréqdireasechenbyvenat the alogmpY oduci ng t he

consequent figwancisaelﬁ ggFefi t.s -ta tgﬁz ai r%i ne users. of_ the er]terr) if 80%
abr e a

. ion 1 man sec hetween gircraft, wit .
of 20 flights are o adfer € to~a W ndow o pfus or’ mnus two m nutes

around the all ocatidg¢ TAT .alSAMS i pobussts Eimid dgldediegradnd tdkes into

account that sonme i gz af tynih! dniQN1OCLRSKENALLLYL 5 LAbhYuh@bheMPting to
create an advantage in the 25 flow pattern), and sone wll arrive | ate due
to throughout the operational day it allows additional

TATs to be allocated without allocating any

':} i0 duplicate times.

While the invention has been described in
terms of a single preferred embodiment, those
skilled in the art will recognize that the
invention can be practiced with modification within

15 the spirit and scope of the appended claims.
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operational reasons, e.g. passenger handling problens. In constructing the
TAT schedule this is taken into account by providing slightly nore
arrivals per rolling hour than the declared 30 capacity of the target
runway or airport. Although this could be achieved by a nunber of nethods
the SAMS 16/09/2005 WO 02/082407 PCT/ GB02/ 01600 27 suggesggslgpet hod is to
create additional TATs not by duplication but by slightly reducing the

pl anned élgﬁsﬁerlod bﬁtgeen alrfraft_beaom(thgo opergt;onally_requ;{ed
time ise. e nornma separation is m n sec between aircra

within the TAT al l ocation process this mght be nade 1 mn 20 sec. Wen
this 10 second 'saving"” is conpounded throughout the operational day it

al | ows addltlo al WVA s to be allocated without allocatin 10 duplicate
times. While thE/EHRPIBRN L emyaliakwressied armerts1aPREsng eaFt AGl e
preferred embagli g hg 1 Lol 78k t he

i nvention can b'teI practa%cezﬁ?/&ﬂt#Nléeceiﬂw%éi(%ﬁ\ymgsf%“#t T??rﬁ%gﬂsf%%r?' Fﬂ%‘md scope
of the appsihegibdCloddrhi®e. atSiVRirdort6dPing 122 sfhcled ofersdomMi Matiodl - sad BaRlchmght f or
optlnlzlng_alrcyaft arrivals at congested airports, conprising t he steps
of :  Bbt ai hiormatiby ingladidg for Tachf fight a Sequested TRytical iAdar! TIMBISH)T) bad iadlekibilitg ht
information for all flights scheduled to arrive at an airport during a
specified 85@?5ﬁ?@ﬁaﬁAﬁerlod said basic flight 10 information including
for each fli g%eﬁ?ﬁﬂ&%ﬂ\ %ﬁj b%gc H_Shq mforr%atloﬁrtarrglge\{?l\Ts-I;IorrEeacl'( c-JrfAT):iﬂ I!}d a flexibility

measure for sa
offering said target TATs to airfines controlling said flights;

negotiating with said airlines until acceptance of TATs for said flights;

15 issuing said TATs, each TAT for a flight being issued prior to departure of said flight.

2. The method of claim 1, wherein said requested TAT is calculated by combining Ground

.Process Time (GPT) and flight time, said GPT being a sum of taxi time and historical defay time.

20 3. The method of claim 1, wherein said basic flight information also includes a wake vortex
type.
4, The method of claim 1, wherein said specified operational period is a day.

25 b The method of claim 1 wherein for each said flight said obtaining step further

comprises one of: receiving said information from an airline, using said information previously

provided by said airline, or generating said information from historical data.

6. The method of any preceding claim, wherein said creating step includes an additional
30  step of creating provisional TATs for long range arriving aircraft, said provisional TATs being

recalculated at a predetermined distance from said airport.
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creating fromsaid basic flight information target TATs for each of said
flights; offering said target TATs to airlines controlling said flights;
negotiating with said airlines until acceptance of TATs for said flights;

15 issuing said TATs, each TAT for a flight being issued prior to departure
of said flight. 2. The nethod of claim1, wherein said regugsjegd TAT is

cal cul ated by conbi ning G ound Process Tine (GPT) and flight tine, said GPT
being a sumof taxi time and historical delay time. 20 3. The net hod of
claimsl, wher eThe nsaiod db@Rint 6 WHegH sdidprovisi®ial DATs24rs @lidchied Wolas tapro@ke vort ex
type 4. The nmethod of claim11l, wherein said specified operational period is
a day. 25comtigupyel Afeidslotiaseibnagl tahenvy clgdsifieatipmwikevorexdlighisai d f1i ght said
obtaining step further conprises one of: receiving said information from an
airline, using said information previously provided by said airline, or
gener ating Salfhel ol clafi 7 S LAS BroliGiBlat Ifkcfion Saiced BEco L BtheBa AN
precedi ng cl aim erein said creating step includes an additional 30 step
of creatisgrtpsd¥AHd. onal TATs for long range arriving aircraft, said

provi si onal TATs being recalculated at a predeterm ned distance fromsaid
airpot@. 28 1 610 912 0 0 5 5 7. The nethod of claim®6, wherein said

provi sional TATs are allocated so as to produce contiguous TAT bl ocks

assi gned Yo he@gyned<Eiany pecedy crlk e spie 63d fegQfiato in@udeRdMeastRAY of
claim7, i aj 1,SLOoN | | i QN kes .account of. ted
hor t haufe PRl T SR Bl B M SR BEER LG ot BT 1 G o
negot i at i QR dirfifek Udes a neasure of departures fromrequested TATs, such
that over tinme this nmeasure is shared proportionally by said airlines. 15
10. The method of claim9, wherein said neasure of departures from
requested TATs is weighted. 11. A Schedul e Activated Managenent System for
opti M%i n§- ai r’e &Fethodof iclpl 8, wherdin AYje Meavrre g dgparures fremp AgeLIBATSI® means
for obtaining by an Air Traffic Service Provider (ANSP) basic flight
infornati"fﬁlﬁ’h%r all flights scheduled to arrive at an airport during a
specified operational period, said basic flight information including for
each flight a requested Tactical Arrival Time (TAT) and a flexibility
nmeasure far sai schddils Activated Management System for optimizing aircraft arrivals at congested

airports, comprising:
20 means for obtaining by an Air Traffic Service Provider (ANSP) basic flight information for
.all flights scheduled to arrive at an airport during a specified operational period, said basic flight
information including for each flight a requested Tactical Arrival Time (TAT) and a flexibility
measure for said TAT;
means for creating from said basic flight information target TATs for each of said flights;
25 means for offering said target TATs to airlines controlling said flights;
means for negotiating with said airlines until acceptance of TATs for said flights;
means for issuing said TATs, each TAT for a flight being issued prior to departure of said

flight.

30 12 The system of claim 11, wherein said requested TAT is calculated by combining Ground

Process Time (GPT) and flight time, said GPT being a sum of taxi time and historical delay time.
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means for creating fromsaid basic flight information target TATS for each
of said flights; 25 neans for offering said target TATs to airlines
controlling said flights; nmeans for negotiating with said airlines until
acceptance of TATs for said flights; nmeans for issuing said TATs, each TAT
for a flight being issued prior to departure of said fligkbgq038 12. The
systemof claim1ll, wherein said requested TAT is cal cul ated by conbi ni ng
Gound Process Tinme (GPT) and flight time, said GPT being a sum of taxi
time and 18 st Ok egltendeflcaim 11 drelain2®, dhdddif) sSd Ras@ fighSntbrmbBon aldaénciidast em of
claim1l or claim 12, wherein said basic flight information also includes a
wake vortd¥akeypitextypa. The system of any one claims 11 to 13, wherein said
specified operational period is a day. 10 15. The system of any one of
claims 11 to 14, wherein for each said flight said neans for obtaining

further compr 'ﬁ?%ys%?.oﬁ’éﬁy JEE%B%JH% 1§ Cile¥did GaicP Qdegiﬁ%d‘&p%%@&aﬁ Bé}ioﬁﬁsoén-?”
airline, neans for using sard information previously provided by said
airline, or meaps for generating said information from historical data. 15
16. The system of claim 13, wherein said neans for creating includes an
addi t1lonal means for creating provisional TATS for |ong range arriving
aircraft, said provisional TATs beinﬂé recal cul ated at a predetermn ned

di st ance ®r om'§apteq ¥ 58¥ tne obgleiny 11 tpHa wWhptainds 5eh fdfight 338 wher ei n sai d

provi si onal TAT l.1.o . o .produce contiguous TAT bl ocks
assigned to h@f\%%f%%é%'?%q@gﬁ%?%ﬁ%\ﬂ%%é’E?/%f'rtex flights. 18. The system of

claim 17, whemnhfs foftdeiRh@¥aid infiahtiod fbRCAL Aiikk, kRSP GHRUMA Bomexpect ed
short haul traffic. 25 19. The system of any one of clains 11 to 18,

wher ei n geavibusiegrotideatbly eaid biriot, wd@sara forgarsatieg sad intdeyeion fnelistbriceimataequest ed
TATs, such that over tinme this neasure is shared proportionally by said
airli®es. 30 20. The systemof claim 19, wherein said nmeasure of departures

fromr eqLJI%§ t eq'h«;r 's%r-I;?en{ gf cYa\?rk qg,tv%%'reinsgaid means for creating includes an additional means
for creating provisional TATS for long range arriving aircraft, said provisional TATs being

recalculated at a predetermined distance from said airport.

20 17. The system of claim 18 wherein said provisional TATs are allocated so as to produce

contiguous TAT blocks assigned to heavy classification wake vortex flights.

18. The system of claim 17, wherein said provisional allocation takes account of expected

short haul fraffic.

25
19. The system of any one of claims 11 to 18, wherein said negotiation includes a measure
of departures from requested TATSs, such that over time this measure is shared proportionally by
said airlines.

30 20. The system of claim 19, wherein said measure of departures from requested TATs is
weighted,
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16/ 09/ 2005 5 21. The nmethod of any one of clains 1 to 10, wherein said
flexibility measure is a tinme range around the requested Tactical Arrival
Time (TAT) deternmined by the ability of the particular aircraft to vary
its speed and/or range within predeterm ned paraneters. 22. The system of
any one of clainms 11 to 20, wherein said flexibility neasgpéodog a tinme
range 10 around the requested Tactical Arrival Tinme (TAT) determ ned by
the ability of the particular aircraft to vary its speed and/or range

Wi t hi rb pr&det eThginegrdd piangived effcims3flto 10, wherein said flexibility measure is a time range

around the requested Tactical Arrival Time (TAT) determined by the ability of the particular

aircraft to vary its speed and/or range within predetermined parameters.
22, _ The system of any one of claims 11 to 20, wherein said flexibility measure is a time range

10 around the requested Tactical Arrival Time (TAT) determined by the ability of the particular

aircraff to vary its speed and/or range within predetermined parameters.
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