.GR 96 P 3134 P -1- Description Ai rport guidance and

control system in particular an airport surface novenent gui dance and
control system The invention relates to an airport surf

.hovenent gui GRNOE 2nA313dnter ol system ( SMECS) . Ai rport surface
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novenent guidance and control systens are known, for exanple, fromthe

docunent
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. The invention rela.tes to a.n a.:.rport surface

~ movement guidance and control system (SMGCS).

Airport surface movement guidance and control
systems are known, for example, from the document
BRITE II from N.V. ADB  S.A., Zaventem, Brussels
AP.01.810e, special issue foi' the Inter Airport 1995
Exhibition. The object of the invention is to refine the
system described here, which operates -\i_sing ' sensors
arranged on the ground, in such a manner that it ensures
optimization of the airport traffic, with an increase in
the take-off and landing capacity of an airport. in’ ail
weather cond:.t:.ons, with the maximum poss:.ble safety. At
the same t:.me, flex:ble use of personnel :.n the’ tower
should also be possible, in an a.dva.ntageous manner. _

The object is achieved in that the SMGCS operates

The

system descri bed here, which

s?rs‘%w iR ?&%1%u'1%'ine£nt hat
raffic,

an increase in’

with detection, integrated processing and graphical

display of the relevant, in pafticular the safety-
relevant positions and movements of aircraft and, poss-
ibly, vehicles on airside (runway, taxiways, aprén’) and
in the relevant airport airspace (CTR), by uSing- at least
one radar to discriminate between air movement and
stationary objects in a parked position, the relevant

data being displayed in cpﬁcentrat;éd form, on the mdnit;of.
of at least one _cdnt_ro'ile‘r in graphical form and/or
" letter or number form, in order that the operational

management of the surface movement




t he éane tinme, flexible use of personnel in the tower shoul d al so be

possi bl e, in an advant ageous nanner. The object is achieved in
t hat the SMGCS operates with detection, integrated processing and
graphi cal 20 derppeyproBiBlePrel evant, i+ Pakticular the safety-

rel evant positions and novenents of aircraft and, poss- I bly, vehicles

on airside (runess, beaxprepsredpand cadried jout hwimelsadht systpov.t The
ai rspace (CTR), ghye U %c%r&%?gzcto t}Qé'ezh%‘éQ{a:a.t& di YL EH %%t YRty alr

movenent and 25 - Stationar ts in parked "position, the relevant
dat a being di sppayéacwaasénrceﬁwai:ésepyusnfnaaﬂ%@%mqwﬁments Jthigh |axet

one controller h8c8s8aC&EHor %6&@?@191::% thetldieF fAde NUFREE i LOgRov TN der
that the operatlonal enent of the surface nov

na
96 P 3134 B capebi THEYS E0 | Frpats, AR o AFtETTALRtofoRtZol yiand |
system The gijdanseasystém Foxo dirportveNt bpnmeahisc bfcotdich itraffic

particularly adyaptagsous HPARE hE! LafPYEREILE WA R Sraximum possible
" safety with regard to collisions on the ground and in the
approach and departure area. ]

10 During f£flight, ground navigation aids protect
aircraft against collisions. Non-visual and visual aids
also assist with maintaining the predetermined glidepath
in the aircraft’s final approach. After touchdown, the
aircraft moves on the riskiest part of its Jjourney. As .

15 has been shown, most accidents happen on the ground. The
surface movement guidance and control system (SMGCS)
according to the invention provides a critical further
aid, allowing monitoring, guidance and control to be
carried out without interruption. Such a system is also

20 called an advanced (A)SMGCS, until now an unfulfilled
wish. This can be achieved for the first time according
to the invention.

A refinement of the invention provides that the
detection and operational management include vehicle

25 movements on airside, for example with the aid of
transponder interrogé.tions or squitters by transponders
or via ID tags and wire-free communications means, which
can also be used for transmitting instructions. This
decisively increases the collision safety with respect to

30 ground traffic which, until now, has taken place largely
in an uncontrolled manner, particularly in the apron
-area.




-nebessary for controlling the surface traffic provides 5 the capability.to -

create an integrated control and gui dance system for airports, by neans
*of which traffic optim zation can be carried out with the maxi num
.possi bl e Grafo& W VX34 regard to col +i3iens on the ground and in the
approach and departure area. 10 During flight, ground navigation

ai ds protect It isagfurthermggei provided thatstheomivborme movenestslimi ds
al so assist WHe' ERERLACR nﬂ?&h%$§ﬂﬁ&ﬁmi% defepabhuded | fnt Néne

aircraft's final approach,_ Aft down aircraft npves on the
ri skiest pardefeqtion (apdepperational,mpadeRnshn, ThiS &EEPdER siMappen

on the grOUn%pt-ﬂiﬂ.zat:.c&ﬂréﬂcﬁuﬂfﬁ&e@ﬂbﬁ%@m&@m aﬁa ssas:t ethé SNGCS)
accordln%tothe |nvent|onﬁ{qwdes a critic furt her f alli)
moni tori g, GRFal®UndtoM ARCRPIR 22 © "?Y&Foaht ?ﬁ'ﬁ‘bd‘? early

I nterruption :.dwﬂifaqagtsnmmafs dilssxrepiancis g é@bmadmabt(tﬁlsl\ﬁ%ﬁ;e unt i |

ful fid | h
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25 novenent pee Aldadedde, for exanple wth the aid of t ransponder

I nterrogations or sqwtters by. tranpsponders §% via,l D tags and
wire-fra® communicat o ‘Fr%‘a‘ﬁgla’v'\hf"ﬁ rease.jh fHatety i8.Pbteinad, k¥ tting

i nstructi ons thehiuse of dsstlsi ate| Yeast  onecprimaryo radairommbia \1odst
respect to one secondary radar, the primary radar being used for
location on airside, and the secondary radar preferably
being used for identification in: the apbroach and
15 departure area, using transponders. According to the
invention, the identification on the ground is carried
out by the approach radar (secondary radar) carrying out
identification when traffic is -mo_v:_i.ng and the docking
guidance system carrying out the identification of
20 traffic which is taking off, and the identification being
maintained by tracking the pri.mairy radar targets. In
order to increase safety and reliability further,
squitters from transponders in aircraft and, possibly,
vehicles equipped with transponders are detecté_di on the
25 ground, - according to the invention, and the exact
position is determined, with simultaneous identification,
by multilateration of the signal arrival times. Redundant
identification of aircraft, and possibly other vehicles
as well, in the movement area of an airport is thus
30 possible at any time.
It is in this case prov:l.ded that the system
according to the invention has a taxiing  movement
planning component by means of which it is possible

TR T




30~ ground traffic which, until now, has taken place largely In an
uncontrol | ed manner, particularly in the apron ar ea. GR 96
P 3134 P - 3- It is furthernore provided that the airborne
novenents in  GR (3e BypiH3fadh and departaré area be included in the
detection and operational ranagenent. This results in optim zation of
surface novenentfqF i RPRLFRLLIGY EQPTrEPREfRetakieropfes, and: fox shese
Sﬁf ety as-a resgcutafs efebl Ybe crﬁaeéai ghfi:%hia(t:i.&ﬁlgi Sfbepaﬂ?éééohetﬂiﬂﬁil_f
the actual state . 0f the traffic apd its anned state,. for_ex e, i
A laxiway CORAASHORRC,TNS) RABRAIRO S IRRARPATT e APhathe cheghe Pt
cleared. 10 freedo pfrdémcobilishionsaare rcaafiad ostobyaipedhanentlyt he
use of bothat I, pLi radar. e n

51 dFYaln PEbEBI L0 Andl Yl ch 3o appROBrEREQ" Wliecy

radar, the primary ra berng use ocat1on 0 T
secondary radar featfuneshlare inpusi.nFhigsalisofemrsuregscompliancs with the

approach and pminimum separations, depending on the various weather
conditions. This planning software also includes inter-
mediate stop positions for the aircraft, which guarantee
10 . collision-free movement in the apron area as well. The
plans are advantageously based on the flight plans. At
large airports, the take-off and landing movements do not
actually take place spontaneously but are planned in
accordance with flight plans, as is the gate occupancy.
15 It is provided for the necessary displays to be
produced on a monitor for the controller via a video
subsystem (processing) which is known per se in the
airport surface movement guidance and control system.
Such radar video subsystems are available, for example,
20 from a company HITT, one example being the advertisement
in the journal "Jane’s Airport Review, Sept. 1995, Volume
7, 1Issue 7, page 46". Such a sYstem is not the subject

matter of the invention.
A display corresponding to the details of the
25 BRITE II system is produced on the radar video, with
greater data concentration and more detailed statements
than would result from the combination of the known BRITE
II system with the known radar video from the company
HITT. This is also a not insignificant object of the

30 invention.




15 departure area, using transponders. Accor di ng to the I nvention,,
. the identification on the ground is carried out by the approach radar
(secondary radar) carrying out identification when traffic is noving
-and the docki@Ry 96 P l3dlaPce systemcarFying out the identification
of 20 traffic which is taking off, and_the identification being
mai nt ai ned by tracki nitthe BEVARERTesuSiv Busiideq tthat phecdispiays

It ncreased safey ytharﬂoﬁebrgbfbtt )éxaid;mah%e ahctt§£IL'| | $4 848 'friegbt or a
ransponders in cra n vehi cl es u,| Wi

t ransponder s Smthrtic: &8 tﬁ%s%aygﬁ%’rﬁf %cc%ﬂﬁlﬁ% 1y h§°med

i nvention, alikpldy ofxehé traffdsi ho@mme&zukata ni:meda:.rpbhtsl gaht Baeous
identifigatio Itllater Q f rlval

Redundancs’j1 gdnacenlft’? | S o a’?&c’r g?? %ossf% sot ﬁuth Eﬂég

as well; in tdwesmmamrwe:oflmem ap@racksowhedgeoenpoisnblseeac.any _

tine. as well 'S Qilth Stﬁésesﬁéﬁﬁﬁﬁé Sl de€of Y KM tgxx@ﬁgor di ng

to the i nventi on has a taXI I ng novenent | anni ng conponent ns of
his concentrat:.on

which it is Mtb}rg sections, the stop bars etc.
is carried out as a function of the respective amount of

10 traffic at the airport such that, for example, only one
. controller station need be occupied at . night, while
further controller stations are formed in the morning, as
the amount of traffic increases. The responsibility for
the individual controllers in the tower is then spl:.t

.15 appropriately. . _ :
The handover of responsibility is advantageously
carried out after a handover acknowledgement in the
window display on the monitor or on auxiliary mon:i.t:o_rs,
in order that the workstations can be allocated safely.

20 The sequences in this case advantageously correspond to
. the sequences as are. known in systems for stripless
organization of a tower. An example is shown in the
document TECOS Terminal Coordination System, Ident. No.
02963.0 from Siemens AG dated 1996.

25 A particularly advantageocus implementation of the
-sequences indicated above is possible if a large flat
sc:éeen is used to display the individual windows, the
radar video etc., in particular designed as a touch-
screen. In the case of such a touchscreen, not only is it

30 possible to carry out a switching operation by touching
the respective points, for example the stop bars or
taxiway sections on the synthetic display which is
formed,
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GR:96 P 3134 P -4- : for the controller to propose taxi routes

and for these routes to be checked automatically for freedomfrom

col l'isions. The planni ng conponent and the check of freedom from
collisions are GBr9®be® SdB4bPY pernmanent|ly- & +nstalled software, into which
the appropriate safety features are input. This al so ensures conpliance

with the m hukuthispsan rdso, becdone by &1 ickingwiskh awmaure or by

condi tions. Thi §5aka8RhBdswPtElang BbiAtisNatUERS 'é&%_&rgsf the TEH LS SIAD
positions for the aircraft, which guarantee 10  collisjon-free novenent in

the apron area 48 HRpPs PaReible £p FRNGPREEALE RN AIKARLAIRPYS Napner
flight plans. Aal1l thedlHSMA KNGt poihts, t whdctf furil | AoW RgveD k&N tin do
not actgal I % t ake El ace i f)ﬁaﬁgzg I ﬁ gut ar :dgl anne&xi n v ﬁccordance
with f1ight>pl aREPe28tB PERE1E,; 8O5ERApaH Fovrearas, "t the yimal srangs [ o,
the necessary defpthgscoatireller.pMhucatery i mpemmtiion ishemomsmin-er
via a video d§ﬂ§iﬁ&%@r@%&%@sﬁ.iﬂg)tﬂ@'8€Fi§nk98‘ﬁmd&§fe edhdhézgﬁ and
emen a ch radar Vvideo

- airport surface NDVE .guirdance and contr system ug
subsyst ens are €onfizmasiomnoefetheswitrhing @wecesspigarrigd ouk. exanpl e

bei ng the advertisenment por thel NReb@NER2Y "d2E& ScédhéeRtiabE¥hEW itSePis
1995, Vol une 1, .lssue 7, pa](_;e 46" . Such a systemis_not the subject
matter of +Pe iRYENifAgA that all the,data,ape cé?'?%%pBﬁdPﬂd' gl zRd A | s
of the that is to say including the radar data which are present
in analogue form. Plot extraction is advantageously
particularly helpful in this context, with the assistance
of data fusion and the inclusion of sensor correlation.

15 All data are changed to a standard format and are then
output to the radar video or a complete synthetic dis-
play. _

In order to increase the planning safety and to
take account of emergencies, it is provided that the

20 system is supplied with data relating to aircraft move-
ments in the airspace further away, possibly with
approach and departure positions, positions on the
taxiway and, possibly, in the parking area being deter-
mined by GPS, in particular differential GPS. The use of

25 GPS in this context increases safety since additional
position information is thus available. However, because

- of the uncertainty of the GPS function, particularly in
the terminal area, this configuration is envisaged only

for increasing safety, that is to say as an additional

30 function. The actual management of the traffic is carried
out using reliable radar data and other ground sensors as

well as by




25 BRITE Il systemis produced on the radar video, with greater data

concentration and nore detailed statenents than would result fromthe
conbi nati on of the known BRI TE: Il systemwi th the known radar video

-fromthe con@®y86 P 3IAJ4.PThis is alse & mot insignificant object of the
30 invention. GR 96 P 3134 P -5- : It is

advant ageous|vwishak i irepesbionhbydthpl gpatrollens  (Rhemmisersorsr mayanpl e

the actual raffdo VbdeQp¥ical sendbikheifsr ' adimpliesPESY FHY O8ocBking
synthetically forned di spl ay of the traffic rmverrents at the alrport

can be 5 cof%8fr aiBd Bhi% rﬁ?rﬁec otBudihRy Forgbwetnitarers: @ Tasfe¥p ays,
handover | i nefanéhsC g @efinendits OC the system/\Bbponentishchhe

Thi s condbnt 8 sind fn o Mdpendent Stalile "6 KR 31 ne Teopective
amount of 10 traffi With trespectpdc thecdorking Bystemanphe, safilegyons
control | er Stﬁw}%m&ﬁr OEﬁHQEQQe&t i@ qrﬁe %E':.%:.on data supplied
from the docking system are :Lntroduced into the data
fusion and sensor correlation, and vice versa. If this is
10 done taking account of the parking position plans, that
is to say these are also iz_xcluded in the surface traffic
plans, safety is increased further.
The invention will be e::plaiﬁed' in more detail
with reference to drawings from which, in the same way as
15 from the subclaims, £further details which are also
essential to the invention can be taken. In detail:
FIG 1 shows a schematic illustration of SMGCS compo-
nents in a version according to the prior art,
FIG 2 shows a schematic illustration which shows the
20 interaction of the individua_.l_ SMGCS components,
FIG 3 shows the reproduction of an actual radar ‘video,
FIG 4 shows the reproduction of a .synthetic display
with window displays, and
FIG 5 shows an overview of the essential information
25 transmitted.




fugrther controller stations are formed in the norning, as t he anmount of

traffi'c i ncreases. The responsibility for the individual controllers in
~the tower is then split 15 ?gpropri ately. The handover of
responsibility iGR &fdht3gtb By carrie8 out after a handover

acknow edgenent in the wi ndow di spl ay, on the nitor_or qQn auxiliary
moni tors, in order t%tF¥ﬁegm?’P§F& i’(?nst%]%ﬁf‘ggraﬁnl 58g &l ready meny
The sequences i rtiidnesl Gramedhita APa04QBl0e,Ccardespgndtes the ADLpSLEYURENES

as are known in tens f.or riples _Qorgani zat | f.atower. An
exampl e 1o show? Hrtirnatds Fhe meiiter of A akdie ties’ s fatdtifin 4fla »
| dent. No. 2@ manitarn Srkible s Asdthedprisser?$or the seryvice and

DRSSO TEhgaRcke! | Hebodiar 5 H AN, Srtsde
i ndi vi dual wi ndd&ing irenventional monrddqn technplagy exaf dcSlynoerral a

t ouch- SCr ejdreeh,! Nin C&et DEuBaS NwdthOHC RIUIVErdtd conFideraticn,
possible to carry put, a switching operation by touching, t he respective
poi nts, for eXar%Id@W%ttetﬁ) %%q Qirée ¢ tbteaﬂ'%lﬁ'fﬁ'spe%t‘fr}g‘rﬁbbna‘f?%ré heRi ¢

di spl ay which i £he idwention, is integrated in the ATC tower monitor.

10 FIG 1 actually shows the prior art. The software which is

required to operé.te the BRITE II system is located in the

BRITE Master 8 and produces the desired switching states

in the BRITE units 9. The BRITE units are connected to

sensors 10, which may be configured relatively as

15 required. As illustrated, the BRITE units are located in

a series circuit in order to ensure that all units have

the same brightness. In the prior art illustrated, no

data link is provided to the airport radar systems.

In contrast to this, the SMGCS design according

20 to the invention has an intégrated controller woxrk-
station, advantageously: based on X-Windows and an open
architecture. In this case, a synthetic display is
produced from the raw video (actual display video)

. together with maps, object data, conflict messages,

25 flight plan data, stop bar data and lighting data.

In the course of integration, a sensor system is
provided which represents a combination of wvarious
sensors, primarily various radar systems. The sensor data
are

e




“CR 96 P 3134 P - 6- but this can al so be done by clicking

. With a nouse or by operating sw tching points at the edge of the
nonitor. It Is thus possible to concentrate in an advantageous nanner
-all the switc®Rn¥6pBiAL34 Rhich until rmoW trave been in 5 separate panels,

so-cal | ed keyboards, in the visual rang‘II of ,the controller. The safety -
of operation f4sedrimsPpder to epsuye,SpAckB BeRikPTARGhe option for direct
control and confi)aﬁat proceksihg 4 t 6ArPiedr outsatka CRaltEdeflbr

For th t trag s 10 Lded { hat t he dat
are first of GrIChFay poRarabel thpglyith {Be BomPhe| AAFAPPRRS, SOEF Sdat a
which are premnd w1th| filaghtoplenf data,Plldightdng odaton asdadoahtagéousl_y
particul &1y |nc USI{(:‘)%A@* daal.€Xfne Vo }Q-PBQ% eérééﬁﬁ gs thedl ¢

fusion and th sensor corre I on ata are c anged to
a standard fof¥etleddonrehinchasis. output to the radar video or a conplete

synthetic dis- PiRYIG 2, 11 desn.gnh'%e@ 4eb1bekl aéﬁ.ﬁaiﬁ:.h séhéai" ng

safety and to t ake agcount enci es r ovi { the 20
System | sufFrRAERF, RORHEPTIOR | T AGSAPPAFRR. SRS, dTOCeSHER, BALAR ne

ai rspace furtdwes wased, fppsmbhliyortihy and 13 represents the reference
10 point for the contrdller,' the pilot etc. 14 designates a
high-speed data network (Airport LAN) which is designed
as a fault-free, fail-safe system. The information from
block 15, that is to say from peripheral services, also
flows into this system. The airport personnel carry out
15 the monitoring operations which are illustrated ‘in block
16, as well as. the inputs which are required for this
purpose. Finally, block 17 shows the essential system
components which are used. - ' _
FIG 3, which is self-explanatory, shows an actual
20  radar video. This forms the basis of the sensor system
which is used. The sensor system transmits data about the
position and, poSsihly, about the speed, direction and
identity number of all aircraft and vehicles. In addi-
tion, there is also information ab'ouﬁ's-tatidn:ary' objects
25 and their relative position to the indicated positions of
- aircraft and vehicles. The radar video is supplemented by
the details from stationary sensors, particularly import-

ant for areas with radar shadowing.. :
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approach and departure positions, positions on the t axi way and,
possibly, in the parking area being deter- m ned by GPS, in particular
differential GPS. The use of 25 GPS in this context increases safety
sice additionaPBR 96 BPoSik34o® i nf or mati orr iXP thus avail abl e. However,
because of the uncertalnty of the GPS function, particularly in t he

terminal area, Thes COTRIPAERIRN 95 eAllsalbe ombpvementdoned  Hanspys

safety, that ispheaudbs?Tombiatd t:.ﬂwma?&on fasid athe Bidptdtiadraffic.
managenent of the trafflc ' carri using reILabIg radar_data and

ot her ground sensors as TR FIGefy ;Q:bfﬂ' §1 3 povway
-7- Vi Suakndnpue taxiwaips |t [BtopoBard 122 or 'Bmsel:smares Iovated oml so

be optical sens fQr. exanple faor.the_dg g t in
§ gbg é”tyesr' %.Ihe?s %Eeg' ht::. %nd r}.n%ﬁﬁi?foen

the form of ”l as urt nenents
syst em conponentieviges @hlb@'haunGOtnsthndapGNGEQtdetQ;thQS1tQa$Qns of

simplicity. FIG 4 shows an advanced synthetic display,
that is to say to this extent also the prior art. The new
_synthetic display is designed in a more detailed manner
10 according to the invention. 23 designates a window
display of the flight plan, and 24, 25 and 26 as well as
27 designate further flight plan and assignment windows.
It is self-evident that these and further details can be
displayed in an adequate size and in a clear arrangement
15 on a large flat screen. A flat screen is recommended in
order to achieve, for example, a low physical height and
to enable the installation of other systems and/or to
create space for other systems.
In FIG 5, the essential details which the syn-
20 thetic display contains are listed in 30. 31 shows the
two types of sensors, which may operate on a very
different basis. Most important are the sensors which
operate cooperatively and at the same time verify the
aircraft identification. 32 shows the basics of the
25 movement guidance and c¢ontrol system, and 33 the
auxiliary functions which are important in particular in
the event of special occurrences. 34 shows the component
by means of which the actual control of the aircraft on
the runway and the taxiways as well as in the apron area
30 is carried out, and 36 shows the docking automation,
which may be carried out with widely different sensors




“Wth respect to the docking system the safety is advant ageousl y

_increased if the position™=data supplied fromthe docking systemare
i ntroduced into the data fusion and sensor correlation, and vice versa.
Af this is 1GR G t3A3N P account- of < kL par ki ng position plans, that
Is to say these are also included in the surface traffic pl ans, safety
i s increased (laseins, raster caméfas.nmwiciowave! |réceixpksinedD-GRSNDre
detail - W nef e dggwi s lyeh, s SUE 15 .
fromthe su'gtg:ééi)rfs, ﬁ?‘&?&%’gr ggt a%u\f:/\%?c \A?F%gallsf%é&}'ea essen;&gl etﬁg t he

i nvention caWigelyadifferenfeidata whick fiqw tegeshersénchhei gysten.
i[lustration of SMCI¥iWOself-evident tRAR! THe) sirstfdnti HEc3£80RFI 88 1 O
AR S NP e BN e R S
reproduct i onnehtan dasictdbed titire/ ateonot inEegratedhdwns thbesyapeadbati on of
Ve S S Bloracon ap 1ot latbAC U ox i jpallfaia®ors
" components, such as 'au'tomajtic ~docking systems, are
entirely dispensed with, for example at relatively small
10 airports with only a few parking positions. The basis of
the integrated handling of the " e_ss‘éntial data, which
provide information about the positions and movements of
the aircraft and possi.blyl. vehicles, on one workstation, |
with the option for splitting the controlling tasks,
15 remains as the solution acéordin’g t’o' the invention.
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sz.ggdi ?n:e}ﬁll i tioned docurrent uu|“1|llﬂ“!! "ml |g\r,1\2!t 22 jt”ne ??ﬂEﬁggﬁtﬁN

2 designates the monitor of a controller's station and 3 fhﬂ

~while 4 is the PR #6e® Bd34 R service armmd 1% mmai ntenance conputer. The
nonitor 2 is desi %ned ei_t her usi ng conventional nonitor technol ogy or
as a flat panel ®& n particular with a touchscreen configuration.
5 designates PLCs and 6 the BRI TE- PC which, according to t he inventi on,
is integrated iQ the ATC.tower

10 FIG 1 actwally sho t he or
et The ot tunle whi on AMePSTE "BREFRER (BOTRRFaF. Fidande Land (SaERPLC
| ocated in the systEﬁ NEMECE e ik In e teatoi.ores inkcegrsted psocesbing andt es
in the BRI TE uni ni C t
whi ch. may be coﬁ}:i ur e§ &%ﬁ # éaé %?% rg%g:é?%gg Oln F&?ﬁ%&e%xl ﬁhe
BRI TE uni ts5areSBM€G'q1|¢V3nt @@rﬁwmmumvﬂn@nmmf abnenritt and, al |

uni ts have pba sy LSS - oﬁnaibelau Qriudiday, |ttivd s, 2Bron)
data link is provi dqd o t he alﬁrteéa ar systems I n, contrast

to this, the S IPPEtt AETARASH | GTHas bW ‘F’ﬂ%’é%rﬁFed
~ control | er WOrk-least oﬁeafrlaﬂ&.r &/aﬂmhiatéasewemkwmémaﬂd and

oo e vt BB SPAGCES G o BELARH RLTELA, Tne reldilE

10 data being displayed after data concentration, on a
monitor of at least one controller in graphical form
and/or letter or number form, in order that the
operational management of the surface movement can be
prepared and carried out via said system.

15 2. Airport surface movement guidance and control
system according to Claim 1, characterized in that the
detection and operational management include <vehicle
movements on airside, for example with the aid of
transponder interrogations or squitters by transponders,

20 via ID tags and wire-free communications means, which can
also be used for transmitting instructions.

3. Airport surface movement guidance and control
system according to Claim 1 or 2, characterized in that
the airborne movements in the approach and departure area

25 are included in the detection and operational management.
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toget-her with . nmpps; object data, conflict mess | an dat g,
. st-op-bar data and i ghting data. . iﬁﬂm” ll H’“ [l“ tegration,

a sensor ‘systemis. rovi ded which re resent s* a cconbl mat s or» of vari ous
&ensors, priMRi% B3t sPradar syst 3 The sensor data are
GR 96 P 3134 P ' fused in order_to ensure snoot h
nmoni toring. #%- Airp?’é‘f a%’@@é@sﬂﬁﬁ"?@eﬁﬁr [quwidange v RAm FPREERL or
]E IracEi ngI and é}é&ﬂn\l accurahggheos%tsad)m Em;azbedéﬂgscobheracterﬂﬁ&d;m t¥h

i ght plan ting,data and dockin at e- occupancy dat a e
ai rport traff %ﬁ hat 3 o?f:eﬂa%qﬁ ?‘ﬁfléogaﬁef."n%lapry ¥a&i

FIG2, 11 desnhp]az:asnanblmdammmnsgdsEnrolocatiouaoa i'nrsi:ﬂebtmdng 12
desi gnat g5 t*&@rémﬁ’"gaﬁlr r f%E.- H?ﬂe?ﬂg {IBQatP%i‘ %{E\?ﬂlﬁca
represents the reference pol nP*For e con er e pi etc
desi gnat es a tion hj §n- s ey daParﬂE?bvor I@néAl réﬁﬁir{m WREER i s W@ned
transponders.
5. Airport surface movement guidance and control
system according to one or more of the preceding claims,

10 characterized in that said system has a multilateration
system (e.g. CAPTS) which uses multilateration of the
signal arrival times to -deterinin_e exact position with
simultaneous identification using transponder squitters.
6. - Airport surface movement guidance and control

15 system according to Claim 4 or 5, characterized in that,
on detection by the primary radar, the identification of
the detected aircraft is carried out with the aid of data
sources, and is displayed while being retained in the
system. '

20 7. Airport surface movement guidance and control
system according to one or more of the preceding claims,
characterized in that said system has a taxiing movement
planning component, by means of which, taking account of
the respective landing direction, collision-free taxiing

25 traffic and other surface movement is plahned, taking
account of the necessary safety separations, as a func-
tion of the weather category (CATI-III).




asa fault-free, fail-safe system The information from ;
Is to say fromperipheral services, alsg . flows into thi smﬂﬂm!ﬂsl“ﬂ\m"l“l
ai rport personnel carry out 15 the monitori ng operations whi are. m s =
illustrated in FRXEG P 31346 Pas well as th¥inputs which are required for
this purpose. Finally, block 17 shows the essentjal system

conponents whi chBare usekfirport surfacer| movem@gntcloyidance - apd sferbrgl

shows an actual gfsterh dtAtordies- :Jmﬁef&frmoféeaéa@né eémlﬁenépauﬁystem
whi ch is used. The sensor systemtransmts dat a about t 303|t|onhand

possi bl y, about FHAFAGRAXLZYR &8 ithrtanfhe a’r%ﬁ‘?t?"ﬁﬁﬁﬁ%r rstas.
aircraft and vehdide@saft rh%did%emcleltpmtiméeam, aiaagsﬁnip; gﬁﬁééﬂzabﬂﬁt
stationary j ec a their rel ative position togt I ndi cat e
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t he details fronsystam onta ya seadarsyigept whilchr |is iknpowmt per sendrfwiaaaeas
wi th radar Shad%et:.c d:.splayGR 96 P 3134 P -10-

9. Airport surface movement guidance and control
system according to Claim 8, characterized in that, in

10 particular, the approach, -~ the take-off and landing
runway - , apron and taxiway as well as parking position
signal devices are detected, and their signal state is
displayed, on the radio video or on the synthetic dis-
play. '

15 i0. Airport surface movement guidance and control
system according to Claim 8 or 9, characterized in that
the displays can be concentrated on a monitor. -

11, Airport surface movement guidance and control
system according to Claim 10, characterized in that the

20 monitor is also designed to display windows with status
displays, handover displays, particularly in line fdrm
and acknowledgement lines, etc.

12. Airport surface movement guidance and control
system according to Claim 7, 8, 9, 10 or 11, character-

25 ized in that the taxiway lighting sections, the stop bars
and all the other signalling devices which are necessary
to control surface movement, and their switching state
can be displayed, in particular linked




~

“The conbination of all the abovenentioned seﬂm“ "lll““lﬁllm s conplete.
~ Iinformation about .the airport traffic. Hm for

exanpl e, designates a runway and 21 taxihays. 'Stdp Bars 22 or the like
are located GR 9% EhdkIkiRways, as welt ¥ other lighting and information
devi ces which are _not shown in nore detail for reasgons of simplicity.

FI G 4 shows %° SF¥her &pEstitrelevant pinformation,t ingspddsgystem.hi s

extent also uReg prionidgordhguR®dce méYEhEALI! ngdiaa}i@é/ ahadesoBELE1i N a
nore detail ed manner 10 ccordin to t he |ﬁ£/e |on 2§ deS| nat es a

wi ndow F¥SHem agcantad %t ?‘1’5§'
27 desi gnat ecwmeﬁﬂd@ltlmlmamha&hmrMcm mtl@vcetectedl ini &he

sel f - evi dent Lhatf hege agd Tyciler USballs Ak D8 mord! SELA¥SGI10-aN

adequat e”si z€ cl ear ran enen on a large screen. A fla
screen is rem i and canrcm progeisisede, Ohortbe(arhﬂ%s aolfowtbaysi cal

hei ght and resﬁe%t%W'feLBthﬂﬁiQLE?t ! %ﬁmﬁdg oRY HHUTSr 8G90 CE it

create space for other systens. 5, the essentlal
detai|'s whi cAmoNats @ txpffinat e RiZPeBhtains are listed in 30. 31

shows the  14.two t\wiapardt SehgFate WioPEmeRY QRACIdHCON addveEdntrol
e b, D Rl Lo PR oS85 Mot st SHSIA Frrtar on
32 shows thethasi handbvielre 2% respomstibijddityantakesndplecet raftesysaem
and 33 thepangovdlX| '&eﬁé&o&ﬂ&&é&é&""@&h ﬁ&d&ﬂpoéiéﬂiairé‘ PGRtIEHbar 1N
monitor or on auxiliary monltors. _
15. Airport surface movement guidance and  control

1s system according to Claim 9, 10, 11, 13 or 14, characi:er-
ized in that the handover of responsibility takes place
from the é,pproach area to the runway control area via the
taxiway control area to the apron control area and, in
the reverse sequence for departure, by regrouping- elec~-

/20 tronic flight strips (stripless) and designating the
respective responsibility in monitor windows, possibly in
conjunction with the radar video or a synthetic display.

16. _Airport _su‘r_facé movement guidance and control
- system according to one or more of the preceding claims,

25 characterized in that the radar data, in particular with
plot-extraction, are processed, together with the status.
of the taxiway,
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t he event of special occurrences. 34 shows the conp ns of
whi ch the actual control of the aircraft on Hm'umumummm

taxi ways as well as in the apron area 30 i s carrletl out ,* affd 86 shows the
docki ng aut onat&Bn96 P 3WBMACP may be carrH db cut with w deI y different
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A:.rport .surface movement guidance and control

system according to one of Claims 9, 10, 11, 12, 13, 14,
15 or 16, characterized in that the radar video, possibly
windows with status displays, handover lines and acknow-
ledgement lines etc., are displayed on a flat screen
having a screen diagonal of more than 19. inches (flat
panel) which is designed, in particular, as a touchscreen
with switching elements for airport lighting, for voice
communication etc.

is. Airport surface movement guidance and control
system according to according to one or more of the
preceding claims, characterized in that said system is
supplied with data relating to aircraft movements in the
airspace further away, possibly with approach and
departure positions, positions on the taxiway and,
possibly, in the parking area being determined by GPS, in

- particular differential GPS.

19. Airport surface movement guidance and control
system according to one or more of the preceding claims,
characterized in that said system has a maintenance
computer with a monitor on which the necessary mainten-
ance and

he



the aircraft and possibly vehicles, on one wor h the opt.ion.
-foor splitting.the controlling tasks r emai mmntmnmnumum n according
f.o the invention. ' GR96P3134P s *PCT/ EP

97/ 00984 GRagenp glaunp 1. - 1A kport surface novenment gui dance
and control system (SMECS) with radar detection, integrated proces-
sing and i nt egepakd Yasksi cprbsdibpivansi wellReaboddobt £ailurazsnr cardde on at
| east one m)nag_gé %85 the rel evant, in particular the safety-relevant
posi ti ons and nove ? aircraft and, possibly, vehicles on al

rel evant [err?8ide AlEP@ES’r SuTfAes , movementy sguidanens) andd contmed

rel evant éjréegﬁt adkb2830§ EQT Bref 8k ﬁaeeoeereheoe%c@a&wm@uﬂ 10
airport traffic, erational nmana bei ng carri ed out by usi ng

at | east %ne ?Eﬂﬁ?‘cFﬁrgEP@ant Rhag; Fbga?-i'-ghts of the airport lightirg
system are designed such that they can be addressed

individually, and, for this purpose, are equipped with
EPROMs, in particular EEPROMs/flash PROMs.
- 21. Airport surface movement guidance and control

10 ° system according to one or more of the preceding claims,
characterized in that said system has an airpért: data
transmission system which operates using glass-fiber -
transmission technelogy, coaxial cables and/or twisted
pair cables, in particular of a redundant design.

15 22. Airport surface movement guidance and control
system according to one or more of the preceding claims,
characterized in that  said sysi:em has an automatic
docking system which operates in particular with optical
detection, for example via. raster cameras - or laser

- 20 ranging and  detection, for determining the aircraft
position, possibly with the assistance of a transponder
identification system for the optically detected air-
craft. ' |
23. Airpért surface movement guidance and control

25 system according to Claim 15, 16, 17, 18, 19, 21, 22 or
'23, characterized in that the position data supplied from
the docking system are introduced into the data fusion
and sensor cori‘elation, and vice versa.




to .discrimnate between air novenment and stationary craft,
essentially using the detail ed radar vi deo m)nmmlmllﬁ.gm lml!

rel evant data being displayed 15 after data concentrati ®n,tonttltfe ronitor
of .at | east oneGRrR 9ec@nt31d4 &, includi ng tiee ground traffic si ghal states
in . vi deo form and charac-ter or nuneric form in such a way that the
controll er can i24put thaigpontd sunface marmment guidldasizenande ddmtrol

Al oralt and veRlyaeSh r18kutkd 110051 20r 59D DRkPactrklag LANKLE LY
notices etc. nsmtters in ety-related nanner

GR96 P 3134 P selectxon.lsoccupancx and Atrq&'oﬁ mssases@ﬁenema@eﬂmnce

and control poBitiSNs?ase Pridiuced ol Erb b%élrs Sf PR Yiaed, dha

that said s%ﬁtem has ,a primary and/ or secondary radar, the primry
radar bei ng3use@¥€ofispdaves, ofh the AWRLtERr "5 the secondary radar
preferably being used for identifica- - tion in the approach and

departure area, using t ransponders.




5:¢ - Airport surface novenent gui dance and contr ol system according . -
to.one or nore of the preceding clainms, 10 vcharacterized in that said :

systemhas a nultilateration system (e.g. CAPTS) which uses

mul til aterati orGRf96h® 3134 Bignal arrival 18 mes to determ ne exact
position with si mul t aneous identification using transponder squitters.
6. Ai rport Ahstr@etpvenent gui dance and control 15 system according
to Claim4 or 5 characterized in that, on detection by the primary
radar, the identjfication of . thg detected aircraft ,is carried_out with
the aid of dat Airpoxh,cuddangs an di%‘%i@PZ'd SHEFEMpei iRy PRYGIABYAF, the

system 20 (71. airpoferaﬁffa&arfna?amﬁm:e@armmaalrm oot xshtsystem
system according to one_Qr_nore Q e preceding clai ar [zed
ALTrporE; nsd; ace mo%re?nengrl aﬂﬁifﬁnce aﬁ& c%%tot)e/:rénlé

in that said system has®a taxli i’ng conponent ans
of which, tSki nsystenutSMGCS) withedeteptionyeinfedraged peocessing and
collision-free R 5 | C 0PN Rb NSl 1WVdMACE TRYPRPE L1 REAIRS,
t aki ng ac_co%‘ral%ﬁ%?g?%e dhie&%gs*ar g%s_g?ety seepar a:ﬁ'ons, as a ?unc- tion
of the weat her safey¥ryelergnt| ppsitions and movements of aircraft and,

possibly, vehicleés on airside (runway, taxiways, apron)
and in the relevant airport airspace (CTR), by using at
10 least one radar to discriminate between air movement and

stationary objects in a parked position, the relevant
data being displayed after data concentration, on a
monitor of at least one controller in graphical form
and/or letter or number form, in order that the

15 operational management of the surface ‘movement can be
prepared and carried out via said system.
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GR.96 P 3134 P -14- 8. Airport surface novenent gui dance

and_caontrol system according to one or nore of the preceding clains,
characterized wgetdmdby t he airport traffic routes, the ai f@f#,t, Je
vehi cl e positions and, possibly, speeds, as 5 well as taxiing directions
can be displayed in said systemvia a radar video which is known per
se or via a synthetic displ ay. Ai rport surface novenent
gui dance and control syst em accor di rﬁst o Claim8, characterized in
that, in 10 particular, the approach, - the take-off and | anding
runway - ., apron and taxiway as well as parking position si gnal devices

- are detected, and their signal state is di spl ayed, on the radi o video
or on the synthetic dis- play. 15 10. Ai rport surface novenent
gui dance and control system according to Claim8 or 9, characterized
in that t he di splays can be concentrated on a htor. 11.

Airport surface novenent gui dance and contro
Claim 10, characterized in that the 20 nonitor designed to display
w ndows with status g, displays, handover displays, icularly in line
form and acknow e genent i nes, etc. 12. Ai fport surface

novenent gui dance and é§= :I]IP

em according to
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system according to Claim7, 8, 9, 10 or 11, character- 25 i zed in that

.the taxiway lighting sections, the stop bars ~and all the other
-signal ling devices which are necessary to control surface novenent,
and their swgsipgg state can be displayed, in parti%%@ked
GR 96 P 3134 P -15- to other safety-relevant SPHE# on, in
sai d system 13. Ai rport surface novenent gui dance and control
system according to one or nore of thezyseCeding cl ai s, characterized
in that the data which are detected in e 5 systemcan be split between
one or nore controller | ocations and can be processed on the basis of
t he respective responsibility, depending on the respective &N anount
of traffic at the airport. 14. A rpart_surface novenent otdance
and control-lOJ system accordingfto 1 r 13, characierigedaln that
the handoverdff responsi b ity thkes S gghandover
acknow edge nq in w ng@s=di spl ays o sl o
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nmonttor or on auxiliary nonitors. 15. Ai rport surface novenent

gui dance and control 15 systemaccording to Claim9, 10, 11, 13 or 14,
character- iﬁiﬁ n that the handover of responsibility }akporRbsase
fromthe appﬁggg Atea to the runway control area via the t axi way
control area to the apron control area and, in t he reverse sequence for
departure, by regrouping elec- 20 troningeflight strips (stripless) and
designating the respective responsiB&Bity in nmonitor w ndows, possibly
in conjunction with the radar video or a synthetic display. 16.
Airport surface novenent guidance and-control system according to one
or nore of the preceding clains, 25 <characterized in that the radar data,
in particular with pl ot -extraction, are processed, together with the
stat us of the taxiway, GR 96 P 3134 P - 16 -

| andi ng and take-off- runway |ights as well as other

FIG3
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sénsor conponents (or el se transponders), poséi bly with the aid of data,

-fusi on and sensor correlation, to produce a standard format, in
Rarticul ar wiegmagesconpl etely 5 digitized, and are then optpmbsrodssihe radar
vi deo or are conposed to forma conplete synthetic display and/or are
output to other nonitor displays. 17. Ai rport surface novenent
gui dance and control system accor%[ﬁm to one of Cains 9, 10, 11, 12,
13, 14, 10 15 or 16, characterized i hat the radar video, possibly
wi ndows with status displays, handover |ines and acKTTOW | edgenent
lines etc., are displayed on a flat screen havi rj]g a scieen di agonal of
nore than 19 inc panel) which is desigresl, ig{particular, as a
touchscreen 15 s ching elements for airport [l ght€hg, for voice
conmuni cati on Airport surface rr[&e@@ gudgdance and control
system accor di ding to one or nore of theleos ~RkgEcCedi ng cl ai ns,
characteri zed iaa fld systemis 20 ppl i ed V\A@Eﬁarelatlngto
ai rcraft novenen ai rspace away,| b ply with approach
and depart 8&e” posi ti ons, /b taxiwdy 4248 possi bly, in
t he parking area being de;tem ned by GPS, partiq‘glg differenti al
GPS. 25 19. Ai rport &Ry QK ance gnd gapjrol system
according to one or noge KT 3 cl aijms, éabpcterized in that
sai d systemhasaﬁ-n K §§§§
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computer with a nonitor on which the necessary nainten- ance and
GR96 P 3134 P -17- repair tasks, possibly as well as |ight
failures, can be. di spl ayed. 20. Al rport surface nmovenent

gui dance and CHQS7R3291 system according to one or nore of YHEERSPSEH| ng
clainms, 5 characterized in that the lights of the airport lighting

.31

system are desi gned such that they can be addressed I ndi vi dual Iy, and,
for this purpose, are equipped with 5 , in particular EEPROMs/fl ash
PROVE. 21. Ai rport surface novenent gui dance and control ‘10 system
according to one or nore of the preceding clains, —gfreeeretefi zed in that
said system has an airport data transm ssi on systtem which gperates
usi ng gl ass-fi ber transnission technol ogy, cQaxidl cabl g and/or
tw sted pair cables, in particular of a_reduﬂgiff desi gg
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5 22. Airport surface novenent gui dance and control system

according to one or nore of the preceding clains, characterized in that
said system has an autonatic docki ng system which operates in
particular with optical detection, for exanple.via raster caneras or
| aser 20 ranging and detection, for determning the aircraft posi ti on,
possibly with the assistance of a transponder I dentification systemfor
the optically detected air- craft. 23. Ai rport surface novenent
gui dance and control 25 system according to Caim15, 16, 17, 18, 19, 21,
22 or 23, characterized in that the position data supplied from t he
. docking systemare introduced into the data fusion and sensor
correlation, and vice versa. GR 96 P 3134 P - 18 - 24,

Airport surface novenent guidance and control system[lacunal Caim?2l1 or
22, characterized in that the sel ecti onINOTEBpMATFERNOFs BaSangararfies for

par ki ng . Application corresponding to
PCT Application PCT/EPg7/00984

.

I, John Barton COATES BSc CEng MIEE,

c/o Europa House, Marsham Way, Gerrards Cross, Buckinghamshire,
England, do solemnly and sincerély declare that I am conversant
with the English and German languages and am a competent

translator thereof, and that to the best of my knowledge and

following is a true and correct translation of the
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Date: 3 August 1998 _ a)ﬂ*"
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Itoﬁzl :r;)glntso;a;e produced on the basis of flight plans, and ar f“ﬂﬂ Iﬂh ﬂlli l"l

- GR 96 P 3134 P -1 -
PCT/EpP 97/00984

Patent Claims

1. Airport surface movement guidance and control
system (SMGCS) with radar detection, integrated proces-
eing and integrated graphical display in th‘form of a
5 radar video on at least one monitor for the relevant, in
' nts of

- particular the safety-relevant positions and
aircraft and, possibly, vehicles on all relev: rside
areas (runway, taxiways, apron) and in the levant
airport airspace (CTR) for the operational management of

10 airport traffic, the operational management being carried
out by using at least one radar to detect the aircraft,
to discriminate between air movement and stationary,
parked aircraft, essentially using the detailed radar
video monitor display, the relevant data being displayed

15 after data concentration, on the monitor of at least ome
controller, including the ground traffic signal states in
video form and character or numeric form, in such a way
that the controller can input the ground traffic signals
which manage the aircraft and vehicles, for example for

20 stop bars, docking instruction notices etc., to signal
transmitters in a safety-related manner.
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