WO 00/ 65373 PCT/ US00/ 09517 | M DAIR COLLI SI ON AVO DANCE SYSTEM 5
BACKGROUND OF THE INVENTION I11. The present invention relates gen rally to
the fiel WO /Ponics for airborne collision avoi dance s?%?@ﬁ%’? S). 10
Spurred by the collision of two airliners over the G and Canyon in 1956,
the airlines initiated a study of collision avoi dance concepts. By the late
1980's, a system for airborne collision avoi dance was devel oped with the
cooperation of the airlines, the aviation industry, and the Federal

Avi ation Administration (FAA). The systém referred to as Traffic Alert
and Collision 15 Avoidance System Il (TCAS I1) was nmandated by Congress to
be installed on nost commercial aircraft by the early 1990's. A chronol ogy
of the devel opnment of airborne collision avoi dance systens can be found in

"Introduction to TCAS | IMIDRIR ¢ ISYON'AVEIDANCE & StE@N Admi ni stration
of the . S. Departnment of Transportation, March 1990. 20 The devel opnent

of an effective airborne CAS has been the goal of the aviation community
for many years. Airborne collision avoi dance systens provide protection

v traiiic control . as s By RORs BB QPtHEINGERTEON, Ton * naustry.
avoi di ng such collisions with other aircraft is a very inportant 25
endeavor. Fiillt herlhsr eresest invention selatesgrnerakly to hedigleof avionisstfarmi litary
and commercial aircraft alike. In addition, a |arge, sinultaneous nunber
of TCAS WD 00/ 65&ndoRtd colisiohGBmidance systems (CAS).
10 Spurred by the collision of two airliners over the Grand Canyon in
1956, the airlines initiated a study of collision avoidance concepts. By the late
1980's, a system for airborne collision avoidance was developed with the
cooperation of the airlines, the aviation industry, and the Federal Aviation
Administration (FAA). The system, referred to as Traffic Alert and Collision
15 Avoidance System Ii (TCAS Il) was mandated by Congress to be installed on
most commercial aircraft by the early 1990's. A chronology of the
development of airborne collision avoidance systems can be found in
"Introduction to TCAS I1," printed by the Federal Aviation Administration of the
U.S. Department of Transportation, March 1990.
20 The development of an effective airborne CAS has been the goal of
the aviation community for many years. Airborne collision avoidance systems
provide protection from collisions with other aircraft and are independent of
ground based air traffic control. As is well appreciated in the aviation
industry, avoiding such collisions with other aircraft is a very important

25 endeavor. Furthermore, collision avoidance is a problem for both military and

commercial aircraft alike. In addition, a large, simultaneous number of TCAS



2 interrogations fromclose-in formation aircraft nenbers generate
significant radio frequency (RF) interference and could potentially

degr adeMhW/65&Bf ect i veness of mai ntai ni ng precise positi 8&7@@?)‘5995“ on
criteria with respect to other aircraft and obstacles. Therefore, to
pronote the safety of air travel, 5 systens that avoid collision with other
aircraft are highly desirable. ReferriAg to FIG 1, there is shown a bl ock
di agram of a conventional TCAS system Shown in FIG 1 are TCAS
directional antenna 10, TCAS omi-directional antenna 11, and TCAS

conput er Umhtbrrbglati@hé tlom BlekedR Sornfi@Rk aifdraft Membergendra®y sigRfficapnd
processor 12C. so shown are aural 10 annunciator 13, traffic advisory

TA) di spl ; i j sTaY | t tively,
(TA) disp qﬁg\rjogflres ay&gqgérﬁgqﬁﬂe%r% ?rﬁcg goglﬁ?oteﬁ'iaﬁlll? o;ég?aééth ernatively

the TA and conbi di spl'ay "(not shown). The
transponder_. s..conprised of _transponder unit : ni r ol nel B, and
{1 anspondere/artETnEe SEnadianyRES RN st linepéranaf EllsRwE fres
together to function as a collision avaoi dance system 15 Those skilled in
the art undecierAirARANAEStREeRorBEyEIPIS S PramPlRtor Saet eV Snal
TCAS. For exanple, many other configurations are possible such as

repl aci Ag @ysterds thattavoichtollisioarwith othenjairaradt arerghlyaiesirablet. enna as i s
known to those skilled in the art. The operation of TCAS and its various

conponents are vRéfermpnFIG. 1,there skdHdweda iblodkidiagram afid caneentibnalecessary
20 for understanding the present invention. In a TCAS system both the

i nterrogat Ofcﬂg%y%{é}ﬂ.s@ﬂﬁﬁ{ irPERG. 2 AROTCAS diRcttiohavastenAaMRRNTAS!

comuni cati on between aircraft. The transponder responds to the query by

Lransii Lt ngn8i-Gifbibnal Bhtdnha £ UntPRCRBLAMEGEP SRR 120U PR fles

receiver 12A, transmitter 12B, and processor 12C. Also shown are aural

10 annunciator 13, traffic advisory (TA) display 14, and resolution advisory (RA)
displays 15. Alternatively, the TA and RA displays are combined into one
display (not shown). The transponder is comprised of transponder unit 16A,
control panel 16B, and transponder antennas 16C and 16D. The TCAS and
transponder operate together to function as a collision avoidance system.

15 Those skilled in the art understand that this is merely illustrative of a
conventional TCAS. For example, many other configurations are possible
such as replacing omni-directional antenna 11 with a directional antenna as is
known to those skilled in the art. The operation of TCAS and its various
components are well known to those skilled in the art and are not necessary

20 for understanding the present invention.

In a TCAS system, both the interrogator and transponder are airborne
and provide a means for communication between aircraft. The transponder

responds to the query by transmitting a reply that is received and processed



3 by the interrogator. Generally, the interrogator includes a receiver, an
analog to digital converter (A/D), a video quantizer, a |ead] gge
det ect orWOMEH3 decoder. The reply receg' ved by the inter?%%%@%gﬁ cludes a
series of information pulses that may identify the aircraft, or contain
altitude or other 5 information. The reply is a pul se position nodul ated
(PPM signal that is transmtted in either an Air Traffic Control Radar
Beacon Syst bythamtersyatoroGriterally, ithe intetiagates incdedgs\e decedyert spramalod her
replies are possible as is known to those skilled in the art. A TCAS I
equi pped ai tecdmital camvertzmi(AdD), atideo guantizdr awedding etifealapectsi, raidedy a
20-mle radius of the TCAS Il equipped aircraft. (see, e.g., Brettner et

al ., US. Pabeoddr ThdRiplyidseildd Bpthaifeb@atonintfudeda sése0Bp! | shing
Ext ended Range TCAS, which descri bes an extended range TCAS.) Wen an

| ntruding air{fﬁ]r@étﬁjoad éul‘é@é‘ﬂ‘i ' A8 éd%?ﬁ@?gfq %i?érgﬁt or éé}ﬂaﬂ}%ﬁtlu'd'e or G alerts

the pilot to nger and gi v earing an stance to the

intruding aircraft. If the threat is not resaol ved col lisi.on or near
s s Br olBTaatdn dhe oM SAPHseRiian Baghiated TREVG et fake evas! ve
action by, for exanple, clinbing or descending to avoid a collision. The
TCAS |1 systrapsmiipctin eithesran AlitlirgfficCoper! &fadas BaaceansystemrteiCdRBS) and
mlitary aircraft, is very effective in providing mdair collision 20

avoi dance i formatidr iMarMédefSalect(hudeed) {od@l. &ithep@ples aralpossibienasy t he
range, altitude, and bearing with other aircraft equipped wth Mde

S/ ATCRBS t r ghewangdensse Skilld®H they srtt he trajectory of these aircraft for the
purpose of determning if any of themconstitute a potential collision

hazard. The syst E‘L\rﬁ'dé\%nl lp %gﬂfﬂb%idbéiﬁcréﬂrcaﬁ%bﬁri%riﬂﬂert SfcrBft Wiftfh €d | ntruder

track and determnin
10  approximately a 20-mile radius of the TCAS Il equipped aircraft. (see, e.g.,

Brettner et al., U.S. Pat. No. 5,805,111, Method and Apparatus for
Accomplishing Extended Range TCAS, which describes an extended range
TCAS.) When an intruding aircraft is determined to be a threat, the TCAS 1
system alerts the pilot to the danger and gives the pilot bearing and distance
15  to the intruding aircraft. If the th.reat is not resolved and a collision or near
miss is probable, then the TCAS Il system advises the pilot to take evasive
action by, for example, climbing or descending to avoid a collision.
The TCAS |l system, which is currently in operation on many
commercial and military aircraft, is very effective in providing midair collision
20  avoidance in civil Air Traffic Control (ATC) airspace in determining the range,
altitude, and bearing with other aircraft equipped with Mode S/ATCRBS
transponders. It monitors the trajectory of these aircraft for the purpose of
determining if any of them constitute a potential collision hazard. The system

is responsible for estimating the projected intruder track and determining if a



WO 00/ 65373 PCT/ USOQ 09517 4 potential conflict exists. If a conflict is
detected, the systemdisplays an advisory to the pilot. The & al so
provi deé’v%?ﬂ/‘?ﬁ ce for vertical avoi dan%e maneuver, knovw?cgéljsé@&?ﬂ]ti on
Advi sories (RAs). Conplenmentary avoi dance maneuvers between two TCAS
equi pped aircraft 5 are ensured by automatic coordi nati on of nutual

i ntentions vmth the other aircraft through the Mbde S transponders and

associ at ed Aetagtial ganflist@xists. b arondict s Q%tﬁctﬁdhéhe e @Epays@ni gi nal |y was
not designed to handl e unique m ssion capabilities, which would be
required, fadviserydmhe piloly Fhe systeyn aisoqrayides Ex:édmioes‘oof/eﬂiaah uni que

m ssion capabilities 10 are: operate in a tactical environnent (tactical

speed and dyVSgAGCARIRISURES knoReT &9 ResBiLgGibhAdNgwiEscRAE)0se-i n formation
flight, rendezvous, and air refueling. At the sane tine, the system nust

effectivel ycd cARfly aR¥RIa cBIrHAhduVes beiddh 8ld tF 83 guu#?gh'dlrcré:ﬁJNNARY

OF THE | NVENTI The esent invention conprises a y ri air collision

ma i col %ﬁ%gms%gﬂ%‘“é@agﬂrﬁté b Gl VBRI R GuS R or m
wih this MEESELO re”%?nﬁgﬁ%%%@r}?warheé a8 SBRUPRIRERASodos, from &

regul ated air traffic rmanagenent (ATM airspace to a tactical air space of
battlefield, or Howeyergher &FA&lllr(@p@@ErhEQAﬁngtﬁ@i priginelly p@sandtonal and
tactical operational attributes. WO 00/65373 PCT/ US00/ 09517
designed to handle unique mission capabilities, which would be required, for
example, by military aircraft. Examples of such unique mission capabilities
10  are: operate in a tactical environment (tactical speed and dynamic
maneuvers), perform highly dynamic, close-in formation flight, rendezvous,

and air refueling. At the same time, the system must effectively detect and

avoid midair collision situation.

15 Il SUMMARY OF THE INVENTION

The present invention comprises a hybrid midair collision avoidance
system (MCAS), which can provide a comprehensive solution for mid air
collision avoidance and unique mission capabilities to perform formation flight,

20 rendezvous, and air re-fueling. An aircraft equipped with this MCAS can
operate in many different environment modes, from a regulated air traffic
management (ATM) airspace to a tactical air space of battlefield, or a
peripheral airspace having both ATM operational and tactical operational

attributes.



5 The ATM nodul e contains many existing core TCAS Il functions, which can
provide traffic advisory (TA) and resolution advisory (RA) capabilijties for
an aircr %% HRandl e col I'i si on avoi dance situation in t hBEKY Oéq9F]s7pace or
environment. The ATM nodul e is based on the latest TCAS Il systemor 5

equi val ent which currently conplies with the Federal Aviation

Adm ni stration (FAA)_Technical Standard Oder (TSO_ - Cl 19a. The ATM
nodul e is easily ThpoThhgwsiue eentainsongpy gxistingcore Uifuretions, whigtyes in

order to be conpliant with future ATMrequirenents. To mnimze the
certificati aangprovekstraffic adeisoey CTA) arfdCAeS ol wicnt adliisdr) (Rév) capabiitianébrt o
address specifically the operational capabilities of aircraft, such as

those used kyn siReraffitbiHadid¥e 8bllisibaTdvoidinceditublien M & AMCZAkpaaRaRi | i ties
required to operate in a tactical environnment are allocated to the Tacti cal

modul e. The %r%roinﬁ‘?ént."%‘él AT MBBuie’\s%%@iqu%%%gI?f@s{ *?Ch@elléggﬂeﬁ?gk'! eto

provide the tfollowmng mssion attributes: quic I'me response, resistant to
15 jammng and.interference nd._m ni m zed, detecti beyond, a short

di st ances ( Evalet! whicBE e comelaRai it N e ahAY BN At B FRAED cal
nodule is to_ provide tactical traffic alerts, tactical collision avoi dance
resol ut i ons,(FA¥splaghnicah Starsard Pragni(Hate e G1d %auplis ATYhMegelerisseasHi
capabilities such as formation flight, rendezvous, and air refueling in a
hi ghl y dynanipgradeablerioemtarpatd laay meve feduir@merdchahgesén prdesdotei nventi on
w || becone apparent to those of skill in the art upon exam nation of the

fol | ow ng dejomhplRtht dgtciuturel ATMatquiré®enty/ent i on or can be | earned by
practice of the present invention. It should be understood, however, that

1 et 01, 014 B0 ErHBIGO B o it fesiunmies

10  functions and to address specifically the operational capabilities of aircraft,
such as those used by the military aircraft, all of the missionized capabilities
required to operate in a tactical environment are allocated to the Tactical
module. The tactical module works in conjunction with the ATM module to
provide the following mission attributes: quick-time response, resistant to

15 jamming and interference, and minimized detection beyond a short distance
(e.g., 10 miles or less). The primary function of the Tactical module is to
provide tactical traffic alerts, tactical collision avoidance resolutions, display
and control guidance to support unique mission capabilities such as formation
flight, rendezvous, and air refueling in a highly dynamic environment.

20 The novel features of the present invention will become apparent to
those of skill in the art upon examination of the following detailed description of
the invention or can be learned by practice of the present invention. It should

be understood, however, that the detailed description of the invention and the

specific examples presented, while indicating certain embodiments of the



WO 00/ 65373 PCTI USOQ' 09517 6 present invention, are provided for
illustratio rposes only because various changes and np j[JHi tions

Wi t hin WQ“@{???’& and scope of the invengi on will becomapg §$®r?%lto t hose
of skill in the art fromthe detailed description of the invention and

clainms that follow 5 IV. BRI EF DESCRI PTI ON OF THE DRAW NGS The
acconpanying figures further illustrate the present invention and,

t oget her ~ wi PFESERE IRNariione @rey@sevided ifomillgstratipn pupeses enly becausea vareys ai n
the 10 principles of the present invention. FIG | is a block diagramof a
convent i onalchaggss andGmaificatians | within dihegspint ahdt $eope dhithe dovéntainowill

avoi dance systemand its interfaces with other avionics systens and

ni ssi on equibpodriic aparent @ thdse af sRilldh tthé BirtfeeratHE HeaiNdt dedchption ©F efd
invention. 15 FIG 3 is a block diagramof the air traffic advisory,

coll'ision aYMéﬂﬁBﬁ%ndr&ﬁmé{hbpfbuoﬁnd proximty mssion flight capabilities
of the MCAS in accordance with the present invention. FIG 4 is a block
di agram $f a mdair collision avoi dance system (MCAS) in accordance with
one specific illustrative enbodi nent showing 20 nodul ar partition between

the ATM nodul e and the Tactical npdul e, internal and external data
communi cati on, and chV-f un(,B(ngﬁa[PEmgmj@él OF Tihife INMAYINGS accordance with

the present invention. FIG 5 is a logic flow diagramoutlining the node
setting at initial system power-up and subsequent to power-up for the
t hree system nodes

The accompanying figures further illustrate the present invention and,
together with the detailed description of the invention, serve to explain the

10  principles of the present invention.

FIG. 1 is a block diagram of a conventional TCAS.

FIG. 2 is a block diagram of the midair collision avoidance system and
its interfaces with other avionics systems and mission equipment on board an
aircraft in accordance with the present invention.

15 FIG. 3 is a block diagram of the air traffic advisory, collision avoidance
resolution, and proximity mission flight capabilities of the MCAS in
accordance with the present invention.

FIG. 4 is a block diagram of a midair collision avoidance system
(MCAS) in accordance with one specific illustrative embodiment showing

20 modular partition between the ATM module and the Tactical module, internal
and external data communication, and the functional structure of the MCAS in
accordance with the present invention.

FIG. 5 is a logic flow diagram outlining the mode setting at initial

system power-up and subsequent to power-up for the three system modes



WO 00/ 65373 PCT/ USOO' 09517 7 (ATM tactical, or mixed) of operati on of the
MCAS sys 10 accordance with the present |nvent| on node
transitl%' 086335?am of the nodes (ATM tagtical, or mxed?cyps@zoé’gg tion of
the MCAS systemin accordance with the present 5 invention. FIG 7 is a

bl ock di agramoutlining user interfaces and tactical comunication
protocols in _accordance with the present invention. FIG 8 is a logic flow
di agr am out RAMhgagtealioftPixee) of P%'I@“Pf‘lcgt'&%M%&ﬁYéF?mﬁF geeesiagsg Wilendi ng
sensor data process in accordance with the present 10 invention. FIG 9 is
mul ti - di mendhepsanpamentionoxi mity in closure tinme) of an exenplary tine
space region in which at least two aircraft are operating in accordance

wi th the present RIGveis anmoBeGrariditiors diadragi of thewhodey ATV thtiiddiner a
tactical collision avoidance 15 resolution process followed by MCAS to

generate apphiQRd) ¥ opthtibs| ENtheA KT A9 té?ﬁ”%“é@éér@%n%@ dRel Present

accordance with the present invention. FIG 11 is vertical scanning profile
(el evati ? \r{ esql.f of an exenplary geographical area illustrating the
flightpath pl"annhi ng process in accordance wth the present invention.

20 FIG 12 is a lqgqgic_f| ow outlinin fOI‘ITB.tIOI’]f|Ight proces
that is foll owe(ﬁ%y gﬂ%‘%ﬁ)\f?ﬁ%r%r%@ﬁ@ﬁ fUSPHHE terareen@8d; factica

accordance with the present invention. FIG 13 is a logic flow diagram
out | i ni ng a costueRiEetien aretogpls in@cgerdange with the present invention.

FIG. 8 is a logic flow diagram outlining the intruder track file correlation
process and blending sensor data process in accordance with the present

10 invention.

FIG. 9 is multi-dimensional space (proximity in closure time) of an
exemplary time space region in which at least two aircraft are operating in
accordance with the present invention.

FIG. 10 is a logic flow diagram outlining a tactical collision avoidance

15 resolution process followed by MCAS to generate appropriate collision
avoidance maneuvering commands in accordance with the present invention.

FIG. 11 is vertical scanning profile (elevation versus) of an exemplary
geographical area illustrating the flightpath re-planning process in accordance
with the present invention.

20 FIG. 12 is a logic flow diagram outlining a formation flight process that
is followed by MCAS to provide formation flight commands in accordance with
the present invention.

FIG. 13 is a logic flow diagram outlining a rendezvous and air refueling

process followed by midair collision system to provide air-refueling commands



process followed by mdair collision systemto provide air-refueling
commands. WO 00/ 65373 PCT/ US00/ 09517 8 in accordance with the present

i nventi JWO 09873 14 is a bl ock diagram outlining the Radi J’@l"éﬁfﬁ@#&if ( RF)
transm ssion power for the proximty flight mssion of formation flight and
air refueling in accordance with the present invention. 5 FIG 15a is a
display imagery frame illustrating an information presentation of tactical
ai rcraft beimgceddpneawyithaing piesantamrentionsraft in an  ATM node in
accordance with the present invention. FIG 15b is a display inagery frane
illustrating a c#HlGel t4ed tar dlddke diagrapl ayutliing ethee fadit | Rgequenay MREYX node
in accordance with the present 10 invention. FIG 15c is a display inmgery

frame il ustiashiissibR pwer fof Bhe PrEGRTKy iGN misdion of esidticPfiGht GRt aM ngnman
whil e operating in a tactical node in accordance with the preéesent

i nventi on. - DE I T NTION Referring to FIG 2,
there is shi%ﬁj\égnﬁé\l:&&gaﬁgégﬁ IF,ljt-(l::lte wg%nt lhgerl\t i

arize r ifagramo the mdair collision and
avoi dancg system along.with other .aircraft syste .Typically, a.
mlitar y?ai rcraf tﬁgon?g? n§ & nﬁ'ﬁ‘BE‘V (5'1”389%ﬁfq{ggsﬂ)@g{iﬁ*”&%nﬁBcirgémZ‘%t"?rb some
ki nd of avionics bus 19 and m ssion equi pnent connected to some ki nd of
m ssi on bus prasentatien §f daeticad pirgrath being eemalemerspn witbAEMoilrAEdN &y st em
(MCAS) 18, FIG 2 shows a MCAS control panel 30, a node S/IFF
(i dentificatATiv noddé in eccbrdanteelithtthanseserdaenventeinem 32, digiti zed tacti cal
data link system 34, airborne radar system 36, control display unit (CDU)
37, FIG. 15b is a display imagery frame illustrating a correlated traffic
display while separating in a mixed mode in accordance with the present
10 invention.
FIG. 15c is a display imagery frame illustrating information
presentation for a formation flight wingman while operating in a tactical mode

in accordance with the present invention.
15 V. DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 2, there is shown a modularized structure diagram of
the midair collision and avoidance system 18 along with other aircraft system.
Typically, a military aircraft contains a number of avionics system connected

20 to some kind of avionics bus 19 and mission equipment connected to some
kind of mission bus 21. In conjunction with the midair collision avoidance
system (MCAS) 18, FIG. 2 shows a MCAS control panel 30, a mode S/IFF
(identification of friend or foe) transponder system 32, digitized tactical data

link system 34, airborne radar system 36, control display unit (CDU) 37,



WO 00/ 65373 PCTI USOQO' 09517 9 station keeping equi pnent (SKE) 37, data
transfer system(DTS) 38 which provides a digital terrai vatlgn

dat abase) 0&3’\97’3&%1t|0n system 40 conprisedy, of an inertial ﬂ%ﬁ&%&?’%@ﬁ
subsystem (INS), a gl obal position subsystem (GPS), an integrated
comuni cation system (1 CS) 42, display systens 44 (e.g., 5 VSI/TRA EFI S,
MFD, a head up display (HUD)), and a flight guidance control stem 4

Whi | e t hese Stafianekeeripg %qumeat ¥SKE) tWos‘Eatattf%i@f@HSY%ieH‘ (QES& 3 Wé“lﬁirbnl cs
bus 19 and m ssion bus 21, it will be understood that numerous ot her

syst ens can pbevides at ojdgit@laterry!iraelevamm dataihseAnavigation Isysteh9 48l dammgrisdd  of
the avionics on the bus to share information and conmuni cate with one
anot her . 10oﬂi/laﬁsh@ﬁidvnsvgénah|s@b§yﬁbhq aNSh he gmwdlp@@nmwm@fen@rosm bus

to share information and comuni cate with one another. A typical exanple
of avionics gl ' HS (o] f f
conmmer ci al a]p t th'rsat% %@T%tlgpp ﬁgﬁl @S:) ﬁ’ﬁf%éﬁ?%}{ ng)%;f!?nﬁ% e4€1ste g

i oai v col | MRV NEDS e aﬂﬁ@dapﬁ%eﬂé@aﬂ‘ﬁb'efﬂa PignEB0cRGR} ol

advi sories, collision av0|dance resol uti ons when the aircraft operates in
an air trafysienzdg Vil q theep %ﬁﬁm%mweWrﬁdE?SG eHached {9 Rdyrisale,
MCAS 18 provides display for tactical advisories, cautions, and warning
si tuati ons avinicebpsiard m@sﬁombugand&mlébewnmtrﬁnomtmm rurhersus other
operational tenpo and the 20 dynam cs of the environnent. In the tactical

mode, MCAS §stenty cde delamditypically sse eannapbl | Avibeiss aisald avoves il lof ties y
aircraft to performformation flight followi ng, to rendezvous with other

aircraft, angdidfcd8rkh¥pLE 18 sth%%ﬁ’ffofrﬁéh&\ éndrc%mhh.eat@mh%\h@ &h&akli sion

with other electronically-coordinated aircraft.
10 Mission bus 21 allows all of the mission equipment on the bus to share

information and communicate with one another. A typical example of avionics
19 bus is an ARINC bus used in commercial or modified commercial of the
shell (COTS) applications. A typical example of a mission bus 21 is a MIL-
STD-1553 bus used in military applications.

15 Midair collision avoidance system 18 provides conventional traffic
advisories, collision avoidance resolutions when the aircraft operates in an air
traffic control (ATC) environment (ATM mode). In the mixed mode, MCAS 18
provides display for tactical advisories, cautions, and warning situations and
responsive control guidance to match with a fast operational tempo and the

20  dynamics of the environment. In the tactical mode, MCAS 18 provides unique
mission capabilities to allow a military aircraft to perform formation flight
following, to rendezvous with other aircraft, and to dock with a tanker for air-
refueling and avoid collision with other electronically-coordinated aircraft. The

system’s two functional modules, ATM 20 and Tactical module 22 shown in



systenmis two functional nodules, ATM 20 and Tactical nodule 22 shown in WO

00/ 65373 /09517 10 FIG 2, perform specific MCAS | based
on syste%’:ﬁd/e% operation and which ig,determ ned by a"{s"ﬁfséé’%ég? aneters

including operational environment, digital data |ink capability, preset
and manual input data, and MCAS node selection. 5 Wen the aircraft is

operating in TM pode ure environnent), then MCAS 18 is an
oﬁboard gdvi%@ﬁ%ﬂ%m aé‘gq'@%é@%% fypetionssbasesen $ysied Mrdenin operationc
control (ATC) radar and the "see and avoid" principle. The system has a
sur vei | | ancearhvwhigpe isicdgtasningd &yher isgbrmfaparametens iotludpig cperatiengl 40
nautical mles and an unlimted vertical range. 10 The systemcontinually
surveys the emnvispeoentardigital date lmkr cagdtility s pedsenandr epinuas ifgurdathhend
aircraft ATC transponders. The ATM nodul e 20 nanages the replies of the
transponder REASWidRNEEMctidd 1 ght paths are predicted based on their
tracks. Flight paths predicted to penetrate a potential collision airspace

surroundisng the I\M'%nl&h?i rGrabé _eoé\énr%ag;ﬁ egnb%ﬁ@A;;ong%&ﬁsAwModul e

20 generates two types of annunci ati ons: i C Advi so n
Resol uti on Advi.sor . aircraft is erating in a tactical
mode, NCAS 1%”‘&5"[“%%@2‘)”8{‘%%5&'8@5‘ %’ﬂb%ﬂ ‘)l?srPrY [f¥StRaR designedoiguie 22
to identify coordinated tactical aircraft, 8rovi de di SE| ay and voice )
i ndi cati ve o®S aarkr tadhesair Jaffio ceatiel O Chvdadangnd dhe ‘gemeand a@voikt r ol
and gui dance commands for the flight guidance system46. An aircraft is
defined as aprcipldi ndhedsysteror bag a suiveiliasca erfvelopst definéddnen, hdriwomaali on
sub-1 eader, or a tanker. The preferred system

radius of approximately 40 nautical miles and an unlimited vertical range.

10 The system continually surveys the airspace around the aircraft, seeking
replies from other aircraft ATC transponders. The ATM module 20 manages
the replies of the transponder 32. Currently, flight paths are predicted based
on their tracks. Flight paths predicted to penetrate a potential collision
airspace surrounding the MCAS 18 aircraft are annunciated by MCAS. The

15 ATM module 20 generates two types of annunciations: Traffic Advisory (TA)
and Resolution Advisory (RA).

When the aircraft is operating in a tactical mode, MCAS 18 activates
the functions embedded in the Tactical module 22 to identify coordinated
tactical aircraft, provide display and voice indicative of tactical advisory,

20 caution, warning, and generate control and guidance commands for the flight
guidance system 46. An aircraft is defined as a coordinated aircraft if it is a
formation leader, formation sub-leader, or a tanker. The preferred system

processes pilot commands and activates dedicated processes in the tactical

module 22 to accommodate unique mission capabilities needed by an aircraft



processes pilot conmands and activates dedi cated processes in the tacti cal

nodul e 22 ommodat e uni que m ssion capabilities need jrcraft

WO 00/ 65%?130%58#?U800/ 09517 11 for exanphe, in a formati oﬁgT}I&%&(ﬂ@sg)r an air
re-fueling. Each dedicated process perforns a conplete set or subset of

functions depending on the role of the aircraft in a formation flight or
an air re-fuelling mssiopn. The gjrcraft can he either a fornation |eader,
a formation fg’ﬁﬁxfa rin aaq}im?é'ﬁﬁgl,'gq qraafkalr redveling. bagh deicatesbpragesswhen
the aircraft is operating in a mxed node (ATM and tactical), MCAS 18 is
not only an ReMbyaITaepmelets sel ot subseiuef fanstors depending cuntheorole mfitbence
and di splay system I|f the aircraft operates in a m xed node, the MCAS 18

wi |1 have t caiporaftés s trtiationoflight or dardiersalaling risEMNS)THeNapaas dl b0
with tactical solutions. The MCAS 18 distributes intruder air traffic

tracking to eitHdf£ictatiPdeh8sr, NidphddibntubdeBaEAtL é’rﬁ’,_ré?%r‘ﬁ(ev‘%r %Pd RAs
for tactical, coordinated tactical, unknown, and non-tactical aitrcraft. If

an intru$er a@“,éé:_ﬁgéfer is a commercial aircraft, then the ATM nodule 20 wi ||
provi de TAs a according to the Air Traffic Management (ATM rul es.
Conversely, if an, 15 intruder_aircraft is an%t acti Caéﬂ@]i rcraft type, then

the tactical moduf\Besithg;gifcrattisoperatipgiin 3mpgddnode ( gnetacyraly t h
specific timng constraints to produce advisories, cautions, warning
di spl ays, audCa\§ dRds nghanlyarcenbegrd adyigarysystem dppilalsmsireissiontaasitrohnd
avoi dance gui dance control |aws for conmmands. The audio tone wll be
modul at ed wigindsace eddfdiggjagsygytetn If titk aateft dperdsgarsaonixetDmiodeetts of
proxinmty range and closure rate with an intruder aircraft. Voice nessages
are al so proMoies!1Bawill $avesb provasd @difsios BOSIdahee Rl tfon8GEIAX)Sn pasdliel

10 with tactical solutions. The MCAS 18 distributes intruder air traffic tracking to
different modules in order to generate appropriate TAs and RAs for tactical,
coordinated tactical, unknown, and non-tactical aircraft. If an intruder aircraft
is a commercial aircraft, then the ATM module 20 will provide TAs and RAs
according to the Air Traffic Management (ATM) rules. Conversely, if an -

15 intruder aircraft is any tactical aircraft type, then the tactical module 22 will
use a tactical model (e.g., FIG. 9) with specific timing constraints to produce
advisories, cautions, warning displays, audio tones and voice, and to process
applicable control and avoidance guidance control laws for commands. The
audio tone will be modulated with varied frequency to indicate the dangerous

20  levels of proximity range and closure rate with an intruder aircraft. Voice
messages are also provided to request immediate, specific pilot actions such
as “CLIMB-CLIMB-CLIMB”, “DESCEND-DESCEND-DESCEND”, “INCREASE
CLIMB”, “TURN LEFT”, “ROLL OUT”, “TURN RIGHT”, “REDUCE DESCENT-

REDUCE DESCENT”, and other voice messages to respond to the current air



as "CLI MB-CLI MB-CLI MB", "DESCEND- DESCEND- DESCEND', "I NCREASE CLI MB", "TURN
LEFT", QUT", "TURN RI GHT", "REDUCE DESCENT- REDUCE DESCENT" and

ot her vo&%&ﬁé§7§ages to respond to the rent air WO 00/ §§W§M09517a

PCT/ US00/ 09517 12 traffic and collision’situation. The tactical nodule 22
al so controls radio frequency (RF) transm ssion power |evel, naenages the
frequency of data transm ssion, and places transm ssion source (e.qg.

t r ansponder traffig-pogcollisiomn %jgja’flpﬁ 5h§tt%ﬁ@@§/mﬁ§t§@ Basdsp epntrals ragist em node,
the aircraft's role in a 5 mssion, and the pilot's nmanual sel ection.

Ref erri ng t dreluencg ,(RFhé“aesimssiﬁmmweardveusmalyzpm e frequeardgrofatata prent
and the resulting advisories. Wth respect to the air collision avoi dance

capabi | i ti esramdiissiah avdl piaeeedramsiis&BASoarces (R0 traRspbedS \AHF /aipE 46 have
extensive traffic advisory and air collision av0|dance capabilities, that

i nclude 10 n?bs, Oﬁ‘?‘“ [ i acti cal
avoi dance /ﬁ;{}%ﬂgﬁﬁ]ﬂ%gg&n eso?ﬁ:b:a%%g béﬁ@f exanp é%%\% 'ekﬁ%rggg? ttdl oned
as the i n r afor |oan|ght or in the refueller aircraft
in an ai gﬁgg'ﬁ Pﬁﬁg’[‘%ﬁ"ﬂé %Wqﬂi“ té‘?'?a(t e relative position deviation
cues and velocity_  deviation cues for d| spl ay, systens 44 and control
commands to the fR"r‘fSFﬂ”gl@ é'&i @aﬁ'&%"%‘?sSPQMM\@rIWSIiV@QOf ntieIdRCASUIPENeRis ponds
with various CAS capabilities depending on the capability of intruder
aircraft 49and.thetreshibog ddyisorigst ailith hespedb itz the ainkcyllistpni pmedance r uder s 48
wWill result in detection and display of TAs 49d only. An intruder not

equi pped Wi tdapabfiitiessfimrdequippetwth M@ABYas shoven [ BlotRs ¥EARJUS Aagei t has
a digitized tactical data link. 20 Referring to FIG 4, there is shown a

more det ai | eaidH QK trdiRBARA and air collision avoidance capabilities, that include

10  ATM TAs and RAs, tactical caution/advisory/warning, and tactical avoidance
solutions and resolutions 47. For examplé, the MCAS positioned as the
wingman aircraft of a formation flight or in the refueller aircraft in an air re-
fuelling mission will generate relative position deviation cues and velocity
deviation cues for display systems 44 and control commands to the flight

15  guidance system 46 in FIG.2. The MCAS 18 responds with various CAS
capabilities depending on the capability of intruder aircraft 49a-d. It should be
noted that Mode A only equipped intruders 48 will result in detection and
display of TAs 49d only. An intruder not equipped with a transponder is
essentially invisible to MCAS unless it has a digitized tactical data link.

20 Referring to FIG. 4, there is shown a more detailed block diagram of
the MCAS 18 in FIG.2. Each module of the MCAS 18 contains a number of
components, each of which provides a specific capability. While each of
these components has dedicated functions, it will be recognized that, in each

module, they continue to communicate with one another and share the



the MCAS 18 in FIG 2. Each nodul e of the MCAS 18 contains a nunber of
conponents, each of which provides a specific capability. Wile each of

t hese cO¥P8PERTE has dedicated functions,, it will be recdfm/Y¥Y%®Hat, in

S
each nodul e, they continue to comuni catte with one another and share the
WO 00/ 65373 PCT/ US00/ 09517 13 information at all tinmes. Commrunication

bet ween the MCAS and Avionics and M ssion equi pnent onboard the aircraft

i s per f or neihformatigh atiall $imes. dbdmnaviicatiarsbetwsienithe MGAGt drmliApionigsr ocess

55. This process transmts, receives, and distributes MCAS related data to

the two i nt endallisgidreefuipmentidndabal thiesairdrafl Is padoinaed trraligdlatissibisar@l. For
t he ATM based npdul e 20, the communi cati on and data shared between its

conponent s izgi# @abémﬁdinphbamhp%sl e mt§ ﬁzéces% t%mi@,%eeibgggat hi's

nodul e 20. For the tactica based ule 22, conmuni cation an ta

Z:E‘Lidi nt er Al @%ﬁbﬁ?@%hﬁlﬁ&%@?ﬁé@mﬁﬁ%é@f@rﬁa:%%aﬁ ﬁﬁ%,‘aﬁ@os@i%%&:ﬁ%fmﬁéa
MCA 2 [ ATM Tact i

ntra oo 49 Rsdca Qaausat Harahor A based rasdH e edobitieen ¢ he ¢ vio

nodul es 20 and 22, not only includes MCAS system node, user-input data and

sel ection, lwemmueication andetatashaked bewvagat its eeinpgnenisde sstablisbed r el at ed,

and 15 mai ntained in each nodule. The shared intruder track file is used to

resol ve anythughodThM d=taibust 21, resbod inteeval td thisighoalule 20r Fdethatacticaf t as
tactical, coordinated tactical, non-tactical (equipped with conmerci al

TCAS) or UungREWMaHIE & ithé E8hPREMEatN 8hd RtAShaRdaletakehal® and by being
not correlated in current track files). ‘
components is established through tactical data bus 61, a bus internal to this
10 module 22. Communication and data passing between the two MCAS
modules 20 and 22 are accomplished through ATM/Tactical intra-
communication bus 59. The real time data shared between the two modules
20 and 22, not only includes MCAS system mode, user-input data and
selection, but also intruder track file data being processed, correlated, and
15 maintained in each module. The shared intruder track file is used to resolve
any ambiguities in terms of identifying an intruder aircraft as tactical,
coordinated tactical, non-tactical (equipped with commercial TCAS) or
unknown aircraft (detected by airborne radar system and by being not
correlated in current track files).
20 Included within the ATM module 20 is ATM mode control management
78, IFF transponder and input/output process 70, ambiguity data correlation
process 73, ATM based resolution advisory (RA) process 72, ATM based

traffic advisory (TA) process 74, and display driver 76.

ATM mode control management process 78 coordinates data



20 Included within the ATM nodule 20 is ATM node control managenent 78,
| FF transponder and i nput/output process 70, anbiguity data correlation
process W8 08B based resol ution advi sor¥4(RA) process 721,)CW§”06Q§§ d
traffic advisory (TA) process 74, and display driver 76. ATM node contr ol
managenent process 78 coordi nates data WO 00/ 65373 PCTI USOQ' 09517 14

transmtti ng and receiving with the node S/|FFE transponder 32, conputations
necessary t dralEneiitiionand regeiving yvity the made S/\FFclspnspanger 3dorampetations
conditions, intra-nodule comunication, and track file correlations.

Anbi gui ty datexesearioaddtermimedeafiic ak3tcamg airesllisim dwlidancangordipananet er s:
aircraft identification (ID), mssion identification (MD), aircraft

f1ight nunbantraahsgulafdonimphicaton, and eask filebestdélagohr rel ative position
(di stance, bearing, and pressure altitude) contained in each record of the

| ntruden track | AMBIGi)dAE LoReidtich ;Sﬁoégéé’?ﬁ%%@dt’ag%@trﬁé‘ﬁ}uog@%’i ded by the

Tactical nodule 22. I's process I1dentifies an s intruderaircraft as

a tactical aircraft if. r. S tch of .at least t r_.nor

o rel at dd e, b EfentArbrudhr s ghidnirEaTon W LAGRE, .
correlation process 73, the ATM nodule 20 processes ATM TAs and RAs for

al | aircraf tMghRUABSE asTathb®s. ARJAIG 3t Posifien o s¢lative pratipnXeigtansde. | n
the ATM node, the information of a tactical aircraft is processed for TAs
and RAs | ustbeadrkwg, ang pressuraaliiitidie) sontaingdd in eanh reSors ebthetistiuder tiadkodi fi ed
feature and col or intruder synmbol being overlaid the on traffic situation
awar eness difiplpayvidéd WydBEerhrispahtiee with thaopnovpieddssthel PactRiae rioduks 221 af fi ¢

advisories to indicate range, bearing, and relative altitude of the
intruder to and hihckks iintifies and tags intruder aircraft as a tactical aircraft if there
10 is a match of at least two or more correlated parameters listed above.
Resulting from the ambiguity data correlation process 73, the ATM module 20
processes ATM TAs and RAs for all aircraft that have not been tagged as
tactical in the mixed mode. In the ATM mode, the information of a tactical
aircraft is processed for TAs and RAs just like any non-tactical aircraft, and
15 presented as a modified feature and color intruder symbol being overiaid the
on traffic situation awareness display.

ATM based traffic advisory process 74 determines traffic advisories to
indicate range, bearing, and relative altitude of the intruder to aid in visual
acquisition of the intruder. In the ATM mode, the system tracks all aircraft in

20  the surrounding airspace and generates traffic advisories (TAs) or resolution
advisories (RAs), as the situation requires. Vertical guidance to avoid midair
collision is accomplished by interrogating the Mode A, Mode C, and Mode S

transponders of potential threat aircraft, tracking their responses, and

providing advisories to the flight crew to assure vertical separation. Two levels



acquisition of the intruder. In the ATM node, the systemtracks all
aircrafti he surroundi ng airspace and generates tr ‘TE] Lsories
(TAs) orWPeq)g%?ﬂ%i on advisories (RAs), as the situation ?% WF@Z"% ertical
gui dance to avoid mdair collision is acconplished by interrogating the

Mode A, Mode C, and Mbde S transponders of potential threat aircraft,
tracking their responses, and prqviding advisories to the flight crewto
assure vert Ot8AViSEpS? &€ BroVidew 1)diallic agiisotes Ksiicatipgmangecpeaiing angs of
advisories are provided: 1) traffic advisories indicating range, bearing,
and rel at i velative ialtiidee of thenimtiuder tolaid invisaiall acquisitionadf the dntigleri and of t he
intruder; and 2) resolution advisories indicating what vertical maneuver

needs to be 2)pesdlotioradoisorigginticating whaeverticalanane everafcedsapajeat i on. 5
ATM based MCAS functions will generate both RAs and TAs when the

transponder gesformelRstenBidREMASdBR to 28UrbWard ¥BSarafbnadvi sories correspond
to predefined time-based protection zones around the aircraft. The airspace

aroa; i e che 1oy gerenn MG heiths STGRHeF Bl RASRIERERS BrsainkC: & e

represents the caution .area he way. ni area is an ajrspace around the
oSt ai 1 cr afENRPORISDSS Made SRRIGIEN ofhe G YRESI) SEIScr 8 GorTePRENdcaut | on

area is an air space extended fromthe warning area by an additional 20 to
48 seconds. !apredefingd timerhasedprotactiadzioses arpurit dusararatieT be minspace
resolution for 15 air collision conditions in advising the flight crew of
a vertical roeny e MCAS alreraft, vehared RANs @onuboiated) tepidsenfs thet sel ecti on,
the traffic information, traffic alerts, '
warning area; while the larger airspace, which results in a TA being
10  annunciated represents the caution area. The warning area is an airspace
around the host aircraft with 20 to 35 seconds closure time to collision. The
caution area is an air space extended from the warning area by an additional
20 to 48 seconds.
ATM based in resolution advisory process 72 determines resolution for
15  air collision conditions in advising the flight crew of a vertical maneuver to
take or avoid.
in conjunction with pilot selection, the traffic information, traffic alerts,
and air collision avoidance resolution, display driver 76 generate display
images for local traffic situations and overlaid advisory text messages and
20  symbols.
If the system mode is set to either a tactical mode or a mixed mode,
then MCAS performs many processes embedded in the Tactical module 22

and these processes are described herein.

Included within the Tactical based MCAS functions’ module 22 are



and air collision avoi dance resolution, display driver 76 generate display
I mges for local traffic situations and overlaid advisory_text sgages and
20 symbo¥Q00/4$73 he system node is set tg6either a tacticé“nwgﬁ@%%? a mi xed
node, then MCAS perforns nmany processes enbedded in the Tactical nodule 22
and these processes are described herein. Included within the Tacti cal
based MCAS functions' nodule 22 are WO 00/ 65373 PCT/ US00/ 09517 16 MCAS
control manblieh® congol manggenent S0 AJM aodtactioal datedpterfire 2 dactcd

comuni cation protocols 51, MCAS mi ssion and user data process 53,

I ntruder traskniudieattor petatoleB1p MEAS sniSdionkdrehusergiate psasesdeBd process
56, display driver for display surfaces (e.g., NS, MD, and HUD) 68,

tactical 5 itRider¢ratkdild EoREREBADIrECsS 54 HI6RUING Fehb sl @atadrBLEsy s6,
resol uti on process 58, ormation flight advisory and gui dance process 62,

f
rendezvous P ' ﬁg.y' r n i,gﬁ[?c FIQF[@ : power
transm ssi oﬁgg@ng%%éééfalgbwan %\%ﬁég\.;& @}a@;n ’o%%d)gen ?i%’ﬁé%“%?ocess 67.
MCAS contro nd nagenent . pbroocess 50 eval uates input .data and 0 pilot
6l ect | ons LT ABHE PUCRRA S A9t co ey 2V eaiee FRAlER Hetenstors)
and MCAS control panel, along with the operational status of the various
data |ink &ystatien flahtrdidspryndgyidaaee preresstdz: reniezviess &0di i syst em
node. One of the three nain system nodes, ATM node 126 (Fig. 5) and 170
(Fig. 6), Tefaelicgpbduisdey 42d glkagmceroaess 640RF piogver@lgnsarissivhxed node 128
(Fig. 5) and 15 170 (Fig. 6), will be set active as shown in FIG 5 and
FIG 6. ATM aishdqaphémiae, GRidMORNS vbiReatohEigbnefatidi grdcees srandshakes with
MCAS control and management process 50 evaluates input data and
10 pilot selections from control display unit (CDU), data transfer system (DTS),
and MCAS control panel, along with the operational status of the various data
link systems on board the aircraft to determine the active system mode. One
of the three main system modes, ATM mode 126 (Fig. 5) and 170 (Fig. 6),
Tactical mode 124 (Fig. 5) and 160 (Fig. 6), and Mixed mode 128 (Fig. 5) and
15 170 (Fig. 6), will be set active as shown in FIG. 5 and FIG.6.
ATM and tactical data interface 52 (Fig. 4) provides handshakes with
the IFF transponder and bus I/O process 70, and perform the functions of
transmitting and receiving the shared data between two modules.
Tactical communication protocols 51 receives, processes, and
20  distributes digital communication data, specifically, dynamic CAS related
data, received by the physical link layer (e.g.; VHF/UHF, or Integrated Data
Modem) connected with digitized tactical data link system 34. The process 51

collects and formats MCAS data into packets to provide to the digitized

tactical data link for selectively broadcasting to other aircraft. in conjunction



the I FF transponder and bus I/O process 70, and performthe functions of
transmtti n(g and receiving the shared data between two modul es. Tagti cal
comuni &R PH#P3PY ot ocol s 51 recei ves, progesses, and 20 difSHYINPEL gi gi t al
comuni cation data, specifically, dynamic CAS related data, received by

t he physical link layer (e.g.; VHF/ UHF, or Integrated Data Moden)
connected with digitized tactical data |ink system 34. The process 51

col | ects andithdloge S datadindathe digitigeg dartinas data ntod4 wall not emy bei yfad zed
tactical data link for selectively broadcasting to other aircraft. In

conj unct i ontodoaden 3RE IeC¥pPtiddIeAxN DBV for e MCASIVekteSddet, duk aido, t he
digitized tactical data link 34 will not only be used to broaden the

reception bgriyddhhelisiile backdE0atd RhiesSGcaapartichidryalrs® taddicayi de a reliable
backup data |ink source, particularly, in a tactical environment that

possibly in gﬁﬁ.'w'a r.ach 4 . B r ce. Mlitary
digitized t;éib: Ica & a a'f'ﬁf)ﬁﬂgl(yalgglglﬂfe%{%ﬂ#ﬁf?&égé%@l&%@d&%ﬁg&?hﬂ i npor t ant
mediumto pjpe.in mssjon and. nayigati ta fromother nilitar

Srrcrares oigiereara T SEnaRGEREY Kot dal ik e i o f e by
direct data link include secure data, robustness in terns of transmtting
and request BRdMpertast medimto ping Intmissicsy ard navigatien deta frardoifigr a
conpression 10 fromany of the used conmunication protocols. These include

JPEG or anymilgtehesitadftt shipsecand geowmhvehicleat Manypmpbdaot feafimesfpregdedcy of
transmt data |ink can be defaulted to a nediumrate (6 Hertz) for the

sol e pur posgy @firect &t IfiK inelRdk sEcOre aX, domefnesfh eafske tianchpdingd to a
hi gher rate ¥25 Hertz) in order to acconmpdate a tight formation flight

o0 L 1 HEh B SHETE 3. ISt ah RS Lol

10 from any of the used communication protocols. These include JPEG or any
selected tri-service communication protdcol. The frequency of transmit data
link can be defaulted to a medium rate (6 Hertz) for the sole purpose of
tactical collision avoidance, and can be increased to a higher rate (25 Hertz)
in order to accommodate a tight formation flight and air-refueling operations.

15 Forinstance, in a formation flight, tactical data link of the leader aircraft will be
scheduled to transmit at a rate of 25 Hertz at a minimum power level to
minimize long range detection. If a fighter aircraft operates at a tactical speed
or in a dynamic maneuvering environment, then the data link will also need to
be operated at a higher rate. For a rendezvous mission, when two aircraft are

20  still far apart, the transmission can be set at a low rate, e.g., from 1 to 2 Hertz.
The rate will switch to a higher rate as the tanker is approaching the
rendezvous location.

A tactical data link packet would inciude of data regarding

instantaneous host aircraft but not limited to aircraft position, source of



scheduled to transmt at a rate of 25 Hertz at a mnimum power |evel to
mnimze lon% range detection. If a fighter aircraft operates at a tactical
speed oAy 337aynam Cc maneuvering environnent, then the BGTASPYRR Wi 1 |

al so need to be operated at a higher rate. For a rendezvous m ssion, when
two aircraft are 20 still far apart, the transm ssion can be set at a | ow
rate, e.g., froml to 2 Hertz. The rate will switch to a higher rate as

t he tanker |RR\WGRIAThciAtWY, nAvgatienaseydey indeapressurdaltiede, cadadat a | i nk
packet would include of data regarding instantaneous host aircraft but not
limted to aaltitudef velpoiy veotor, scneieratioh VAEIAD0fliGHSEIIRaIMANEQ0EMRP 17 18

navi gation, datum navigation accuracy index, pressure altitude, radar

al titude, ved@fiidnteUR@&n®s, cortothRf Yuiddhckanbas, add t&htol JPRFYNET i ng

sequence events, control and gui dance node, and control “gui dance Yar get
settings. Gelgy; Y, LS, ik WU . i jyersal tine
5 provi ded by flﬁ%é'&%@%ﬂﬁ”ggéslﬁ?%%r{gg% La%% é&g}'ﬂ é%ﬁ%%gﬁhﬁ%ﬁ%ﬁﬁesom of

t he navigation dynam ¢ d il | . be gverla with th ata obtained from
extended%l FAP'RY d%’Xﬁ‘fn@MP?'tpﬁegé?@@ﬁ? SRAMS- ?\Hgoy%ﬁfve‘sﬁo ata
link 34 serves as conplenentary and backup unit in the conputations

requi red forthetnavigatian dgamisidsia ijbbanvedappedwitbribe data porined fonon and
user data process 53 pilot input data to the MCAS 18 can be entered into

t he MCAS 18 etendgd |IMaMaesSremspontat, thadatalprovidediSoy thd tacticaladeth B,
control display unit 37, and data transfer system 38. The utility of the

i nput dat a i34 benieRsCedrapptisntanl &6d babkugs antt REtheYSdhputatidRs reqlifredRici fic
m ssion capabilities, signal formation flight events, and report
tactical collision avoidance solutions.
10 MCAS mission and user data process 53 pilot input data to the MCAS
18 can be entered into the MCAS 18 through various means that include
MCAS control panel 30, control display unit 37, and data transfer system 38.
The utility of the input data is to indicate mode selections to the system,
activate specific mission capabilities, signal formation flight events, and report
15  the progressive stage of a mission. The MCAS 18 evaluates this information
to determine system mode. The input data to MCAS 18 can include, but not
be limited to:
= selected operational mode - ATM, Tactical, or Mixed
= formation flight mode
20 = aircraft role in a formation flight - leader, sub-leader, or wingman
= specified vertical, longitudinal, and latitudinal offsets
= rendezvous mode
= aircraft role in a rendezvous/air-refueling - tanker or a re-

fueller



15 the progressive stage of a mssion. The MCAS 18 eval uates this

i nf or mat %?O/G%gztsdeterm ne system node. The input data tong{gﬁﬁsgj&q%ﬁﬁ

i ncl ude, be limted to: * sel egged operational

Tactical, or Mxed ~ formation flight node 20 ™ aircraft role in a
formation flight - |eader, sub-leader, or wingman * specified vertical,

| ongitudinal, and |atitudinal offsets ™ rendezvous node ™ aircraft role in
a rendezvous/ ai r - r ef utl i"fBdezvousIRASIRN and 8Me yel | er WD 00/ 65373

PCTI USOQ' 09517 19 ™ rendezvous position and tinme ”~ transitional event from
rendezvous to air-ref ueltiangitiohaheweninflordirspdgageisaorair-effuelinghg » own
aircraft identification (ID) 5 ~ identification of other interested

aircraft 7 nmssion idendrif hs@tisemgalbRir Rfdingr aft data - |atitude,
| ongi tude, altitude, airspeed for test node ~ display scales for 10, 20,

30, 60, 90-secongd {Oﬁﬁgﬁda@g%%ﬁég%@g@“ | e correl ation process 54

perforns tenporal uder sed on tinme tagged with a precise

providea curr enby RTITGEHEREY HIIGREFSPA AT 5§ npor tant o note. t hat
since CAS data cones frommany different sources (Mdde S/IFF, digitized

tactical data |ihkmigsiopodastification (MIBY etc.), it is
= aircraft data — latitude, longitude, altitude, airspeed for test mode
» display scales for 10, 20, 30, 60, 90-second radius
Intruder track file correlation process 54 performs temporal intruder
10  data based on time tagged with a precise universal time provided by the
Global Position System (GPS) segment to provide a currency of intruder track
file. It is important to note that since CAS data comes from many different
sources (Mode S/IFF, digitized tactical data link, airborne radar, and etc.), it is
necessary that this data be correlated in terms of mission ID, aircraft ID, or
15  flight number. This is to ensure that the data coming from the same aircraft
will be blended in the block 56 and used in processing collision avoidance
solutions 58 and 60, formation flight control and guidance 62, air-refueiing
control guidance 64, and MCAS display drivers 68.
Blending sensor data process 56 uses a complementary filtering
20  technique with some average weighting factors to combine the computed
bearing and distance from the Mode S/IFF and, digitized tactical data link with
the raw bearing and distance provided by the airborne radar 36 and station
keeping equipment 37. This information is used in generating display images

for traffic situation and selection of intruders in range for display.



necessary that this data be correlated in terns of mssion ID, aircraft ID,
or 15 flight nunber. This is to ensure that the data com ng f %ge same
ai rcr af tYORRP$7He bl ended in the bl ock 2@ and used in pr&@%‘ﬁ@ |lision
avoi dance solutions 58 and 60, formati flight control and gui dance 62,
air-refueling control guidance 64, and MCAS display drivers 68. Bl ending
sensor data process 56 uses a conplenentary filterin 20 technique with
some average wei ghe difplaadtiverdetd, NYwhiMiD: ard EB PR EBroVides Yidgoand

di stance fromthe Mode S/IFF and, digitized tactical data link with the
raw bear i ngdigitdl dhtat and digitad imagel data toherivae nigat vieionasiesterBGNME), siwdti on
keepi ng equi pnment 37. This information is used in generating display imges

for traffi cfusictiadi FBgl &td headelipidi 8D) RysRAgahiiethdidsaplay. WO
00/ 65373 PCT/ USOQ 0 51y’;(m20¢The di spl a5 drqq?/lggﬂ(g_)g.y, NVS, MNFD, ??d%uo) 68
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advi sory (VSI/TRA) color di sgl_ a¥ unit and electronic flight instrunent
syst em ( EFI Wyit and @lecteani¢ flight instrymantsypiene 56190 uses the tactical nodel
defined in FIG 9 to determne if an intruder aircraft is in an advisory,
caution, or war nTagticalitraff alerts gndcessn@0 ases Hpptacticalaneddi daflred inddGages,
synbol s, and audio to 10 warn of the |evel of danger detected in an air
proxi mty s@teaktermine Fagi ind@bde€ airtiast i9n avGiddaee, dRBiOhUbF RArmihgcess 58

eval uates the procedure that a host aircraft has to followif the intruder
aircraft i sgi AU enerate appropriate display messages, symbols, and audio to

10 warn of the level of danger detected in an air proximity situation.

Tactical collision avoidance resolution process 58 evaluates the
procedure that a host aircraft has to follow if the intruder aircraft is in caution
air space and about to penetrate the warning (collision) air space. The
process of selecting specific maneuvers and performing flight path re-

15  planning will be a function of aircraft dynamics and the flight path
characteristics of the intruder aircraft and the host aircraft as shown in FIG. 10
and FIG.11.

Formation flight advisory and guidance process 62 continuously
computes the desired wingman position based on the current position of the

20 formation leader and the offset values. The process 62 then computes the
lateral deviation, longitudinal deviation, vertical deviation, relative velocity,
and relative acceleration. These parameters are input to the flight guidance

control laws to generate roll commands, vertical speed commands, and thrust

commands that are used to drive flight director cues and couple with a flight



air space and about to penetrate the warning (collision) air space. The

process of sel ecting specific maneuvers and performng fli %4; re 15
pl anni ng"Q¥33Bx a function of aircraft,dynanics and the fclq‘/‘&?ﬁ {h

characteristics of the intruder aircrafi and the host aircraft as shown in
FIG 10 and FIG 11. Formation flight advisory and gui dance process 62
continuously conputes the desired wi ngman position based on the current
posi ti on ofcontrel syfiefoiinthe) airerafé isoe formmationHeader eesubyigiades. thenh@nyr ocess 62
then conputes the lateral deviation, |ongitudinal deviation, vertical

devi ati on, GA&Saidvisorieslar tegolutiand that arei mreﬁﬁlg@oerlebrymlrecﬂ'headerpafrarret ers
are input to the flight guidance control |aws to generate roll commands,

verti cal 5Qﬁ&%ﬁgmerﬁﬂgné@%ﬁtareG\%H@QG‘&I Mgﬁqaﬁ %|@H7d ve flight
di rector cues couple Wth a flight WO 00/ 65373 PCTI USOQ' 0951

control SYShEMle VBANGEERA! dudiads o0t A W SRLBLN AT rofith- Jofasla “then

any CAS a &S Vang reso 1 ons are currently 'acti ve by direct

(I eader) or indi rec sub- | eader eration made avail able. to the

W ngens alBYRIOUL R Flmelie ProR SR el sl BeaPeter e Sl Faescend,
roll-in, roll-out, 5 level-out, and etc. The process 62 deternmnes all the
maneuver evdieraft is aderderdn eciosmeation fighteader in a formation flight.
Rendezvous and air-refueling advisory and gui dance process 64 conputes the
di stance and estRemdiexioasranchdirtrefueliag advisendaad guslignosiprocess 64hi s
information is maintained and conpl enented with the contact data (data 10

b e A A R
air-refuel "ﬁﬂs Wf@ﬁﬁatlon is maintained and complemented with the contact data (data
10  established through digital data link that provides information regarding the
aircraft system parameters of the host aircraft). When the air-refueling phase
becomes active, the process 64 performs similar computations as in process
62 to calculate guidance commands to maintain air re-fueling and relative
docking, position and generate advisories if any deviations exceed
15  thresholds.

RF power and transmission management 66 provides a capability to
manage transmission power levels of RF radiating sources and the
transmission rate for equipment operating in a particular RF spectrum.
Referring again to FIG 2, equipment in this group includes a Mode-S/IFF

20 transponder 32, airborne radar 36, Station Keeping System (SKE) 36, and
any tactical radios that might be used to support the digitized tactical data link
34. The system monitors pilot selection to control power setting levels for the

equipment, and periodically schedules for transmitting data per request,

requesting tactical/mission data, or just broadcasting. If the pilot selects to



beconmes active, the process 64 perforns simlar conputations as in process

62 to ca gui dance commands to maintain air re-fueli ative
docki ng, %(gé‘?‘{s%n and generate advisori es, i f any deviati 03&5%@@8%?%5

t hreshol ds. RF power and transm ssion managenent 66 provides a capability
to nmanage transm ssion power |evels of RF radiating sources and the
transm ssion rate for equipnent operating in a particular RF spectrum
Referring agRPrRtedn g siept mads tharhihg systamawiy ifubit afl diangeyssionselvities FE 20
transponder 32, airborne radar 36, Station Keeping System (SKE) 36, and
any tacti cabut will esntinue: toropgiatebio aipassive nsagdepby putaiy retiegving oada fraot i cal
data link 34. The systemnonitors pilot selection to control power setting

level s for tielFrguicpaedtModeS aed difiizal tagtisslledalies 346 prowasCASI ng dat a
per request, requesting tactical/m ssion data, or just broadcasting. If the

pil ot sel ecky|fiipn¥O 00/ 65373 PCT/ USO0/ 09517 22 operate in a silent node,
then the systemw ||l inhibit all transm ssion activities, but wll

continuec:to oper t i V. _pur ceiving data from the
PR ext hded ol EARe 878 e BBHE o RGeS b iRbdA P eN Bidubhe cas
solutions. 5 voi ce and, tone generation process 67 is based on priority
setting for S@&U%SiszﬁFaHW’ﬁﬂvﬁor&n QRMERRIRG %@@Fﬁ@ JNeyelesrRadicinE fic tone
and voi ce nessages associated with the event. The process 67 al so nonitors
t he renoval apfl Wieshmessagas RASVEIathghwith the eventh&helprg¢rsschZaisonmoniers t o

di stinguish tone and voice generation. 10 Referring to FIG 5, there is
shown a | ogitiee férnavalrofdstatsnonackndwiedgment from the flight crew in order to

distinguish tone and voice generation.

10 Referring to FIG. 5, there is shown a logic flow in determining the
active mode for the MCAS 18, which is performed in MCAS control
management 50. After system power-up, the first functions initiated are
system initialization process and power-up built-in-test (PBIT). Due to time
rate scheduling, the first check in the logic flow is determined if MCAS power-

15 up BIT has been completed at step 100. If PBIT is still in progress, then the
logic evaluation process is terminated in step 100. Otherwise, the next test is
performed at step 102 to determine if this is very first time this logic has been
evaluated since the PBIT is complete. To determine if one of the three
system modes (ATM, tactical, or mixed) can be set to active, the system

20  obtains internal BIT results, and BIT results from other equipment such as IFF
Mode S transponder and digitized tactical data link at step 104. If MCAS has
no critical failure at step 105, then the IFF Mode S transponder BIT results is
evaluated at step 106. If there is no critical failure in the IFF mode S

transponder, the system then tests for any critical failure in the digitized



active node for the MCAS 18, which is perfornmed in MCAS control managenent
50. After stem power-up, the first functions initiated are system
initial |‘2’9t0¥’(§§r" Brocess and power - up bU|%3t -in-test (PBIT) PHESPD? e rate
scheduling, the first check in the logitT flowis determned if MCAS power
15 up BIT has been conpleted at step 100. If PBIT is still in progress,
then the |ogic evaluation process is termnated in step 100. O herw se,

t he next tdaetical dasafinlsimsters 122 gnd1te8 .t i theteisnhadaildretiniaithies theedjF f i r st
time this logic has been evaluated since the PBIT is conplete. To

det er m ne irhodeeS tfanshendér erd digitizedntaatidakdétiThk, ttachithalmixet modedy can
be set to active, the system 20 obtains internal BIT results, and BIT

resul ts frogstab @%t.v@@wlswﬂamzsswpbn@&héﬁ n%ui@sftréﬁs}mﬂ%@@heém dheghti zed

tactical data link at step 104. MCAS has no critical failure at step

105, then thg A BEE iSstf & é&%d&r ﬁgéeﬁ%dﬂ?glgﬁtt.ze%"@cﬂééleé’atgtlw%gp 106.

If there is no cri ure in t ransponde stem

h f il di 65373
peni usod ogttve Bert ackibginoRis SFf ma?wes%ﬁg T A SERINT POERERE s no

failure in either the IFF node S transponder and digitized tactical data
li nk, then MAdestReactiieeMCAS mtrpbaé@tmp@asﬁmrépscgmtsmaﬁmpyphnaelFF
node S transponder is healthy, then the ATMnode is set to active at step
126. | f onlsigoklgpta red statet atcstep dd30a Witmihis sighahbeingesett methet mesttifearhe node
Is set to active at step 124. After setting one of the nodes to active,

MCAS cont r giménghe®aeeMibwsthe §iih 16 Procedy AldREEtrasdi@ndlodi® cféfuhéélqn state
at step 130. Wth this signal being set, in the next frane " tineg,

system f ol 's%‘? 120860 RFG8Er f&eﬁl@&@ﬁﬁlg@ﬂ%é §db%@qh89f ﬁ) téljﬂe{lahrhp step

120 in order eval uate system equen ems
10 The logic flow of step 120 is outlined in more detail in FIG. 6.

Referring to FIG. 6, there is shown a state transition diagram providing
necessary logic to allow a transition from one system mode to another system
mode. If the current system mode is the Mixed mode 150, then the system
evaluates all logical conditions defined in blocks 152 and 154. |If the

15  conditions in block 152 are met, the system makes a transition from the Mixed
mode 150 to the ATM mode 170. Otherwise, if the conditions in block 154
are met, then the system will make a transition from the Mixed mode 150 to
the tactical mode 160. If the current mode is the tactical mode, then the
system will evaluate logical conditions defined in blocks 162 and 164. If the

20 conditions in block 162 are met, the system makes a transition from the
tactical mode 160 to the ATM mode 170. If the conditions in block 164 are
met mode, the system makes a transition from tactical mode 160 back to the
Mixed mode 150. If the current mode is the ATM mode 176, then the system

evaluates logical conditions defined in blocks 172 and 174. If the conditions in



10 The logic flow of step 120 is outlined in nore detail in FIG 6.
Referring to FIG 6, there is shown a state transition di agram provi di ng
necessarg'ol%ﬁﬁ,mt o allow a transition fzgm one system nod%&’gsgﬁ’g?lﬂer
system node. If the current systemnodé is the M xed node 150, then the
system evaluates all logical conditions defined in blocks 152 and 154. |If
the 15 conditions in block 152 are net, the system nakes a transition from

the M xed Wede178c@reonehdhasysiesyaakes.a tangitiahJomithe ATM creds 1788 i n
bl ock 154 are met, then the systemw ||l nmake a transition fromthe M xed

node 150 t ahet fagtitakctioza 180déf &0 cohditibhe inusloekt1 74odre insett lige tsystemal
node, then the systemw || evaluate |ogical conditions defined in blocks

162 and 164makés bhtarkiticiPiteh ATREmiodeb 7arkadion REaVRBH mbdEe 189St em nakes a
transition fromthe tactical npode 160 to the ATM node 170. |If the

cond: ons L1 bLgehrifd e, TiBIE il QY ABARRD 3 dasigheng! [ om

tactical npde 16 current node 1s the

AT o L o AIEAE, AT PSPl AR B A0 Be8eAt,

bl ock 172 are net, the system nakes a transition fromthe ATM node 170 to
the tacti cafompumica®n protpeelscdhdin PERy for theoMcAS 40 greraie Withha Bllst em
makes a transition from ATM node 170 back to the M xed node 150. Referring
to FIG 7, ¢tdpmatslitys MGASN obtdihecandlipargcesadso data titean & | Yaristy aifeexterndle
structure of MCAS m ssion and user data process 53 and tactical

communi cat i @sureest Quighia k. bldtkobdembldek mbe§M§ MWOPS abty \iidrh @athul |
capability, MCAS obtains and processes data froma variety of external

sources. W{higet N RIS feqiestd! A5 deith (RIRC TS Mebondalidelr aRL7L 3.,

10  aircraft ID, mission ID, flight number, identification of other interested aircraft,
rendezvous position and time, relative position offsets for formation flight, and
etc.). Subsequently, if any of the listed parameters has been changed by
manual data entry via the control display unit (CDU) 37, the process 53
provides utility to transmit/store the data back to the CDU. Outputs from this

15 process 200 are MCAS preset data 240 for use by intruder track file
correlation process 54 and platform/mission specific data 246 for use by
process transmitter digitized tactical data link messages 206.

Referring to FIG. 8, there is shown a logic flow diagram to show the
track file data correlation and the process of blending sensor data. The

20  present invention provides a graceful degradation for all modes of operation.
The system provides logic to select the best possible sensor data for CAS
computations. The complementary data from Digitized Tactical Data Link 34,
Airborne Radar 36, and Station Keeping Equipment (SKE) 36 is used to

enhance the primary IFF Mode S/ Transponder 32 data, fill any data gaps, or



transfer system requests and down | oads the mssion related data (e.g., 10

aircraft ID, mssion ID, flight nunber, identification of_ other erested
ai r cr af VO 082 vous position and ti rel ative positi (yr?Télf]sfog@{’g f or
formation flight, and etc.). Subsequently, if any of the |listed parameters
has been changed by nmanual data entry via the control display unit (CDU)
37, the process 53 provides utility to transmt/store the data back to the
CDU. CQut putser¥asons paslksups Theoeasputetiyange andiseginsseatadeany thadigibzedise by
intruder track file correlation process 54 and platfornm m ssion specific
dat a 246 f dacticeédbia 3dincembinedangmihatef thie ik RiedrditgCtraoapontdera | i nk
nmessages 206. Referring to FIG 8, there is shown a logic flow diagramto

show the tyjtdever e datpiservailigbetarmivalid THe bRineleesAfoPinaliban¢lLBed sensor
data. The 20 present invention provides a graceful degradation for all

modes of Ogn%?%\ﬁﬁi@%g anldtReS YBLER 8NP 'edé‘éutio?lgrjeg‘ia&nrﬁ g\?a?hg\grgb@d%‘?%%oﬂf’?“ bl e

sensor dat conput ati ons. e conple gitized

Tacti ca ta Linpk,3 . r.borne Radar 3 apd_ St atiagn, Keepin ui_pment
(a0 36 12 pebatess the saldiaR FRGofs i1t Rorek e Ahtee Sk SR B a8 et v,
fill any data_%aps, .or WO 00/65373 PCT/USOO 09517 25 serves as. back-up.
The conput dlae j ﬁ@EaMOBE%PWﬁ‘ga'H-‘dPE W?%ﬁﬁttﬂ?é'tm”gﬁ‘ﬁq peagent aktitydan data 34 is
conbined with that of the IFF "Diversity" transponder whenever the data is
avai | abl e dnock/250.dThe indommatiadeperitaihmgntetthepasgionsat pressdes sititideeof
another aircraft is in the caution region, warning region, or about 5 to

penetrate tgaehdatrliél gircraftds provided pedigitized ticsicardutadink sybens yisbrickobt ai ns
the information of its own aircraft present position and present altitude
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10  processed in step 254. In block 256, range and bearing angles from the host
aircraft relative to each intruder are computed. If the transponder also
provides data for a correlated aircraft in step 258, then the system uses a
complementary filter method to provide a better estimate of range and
bearing values in step 260. Otherwise, the system checks to determine if the

15 station keeping data for a correlated aircraft is available in step 262. Ifitis
available, then the system uses a complementary filter method to provide an
estimate of distance and bearing from the two sources of input data in step
264. If data are not available from IFF transponder and station keeping
equipment, then another test is performed to determine if airborne radar data

20 is available in step 266. if airborne data is available, then the range and
bearing computed from digitized tactical data link will be correlated with the
range and bearing data generated by the airborne radar system in step 268.

If there is a match in the data correlation process, then the system uses a

complementary filter method to provide an estimate of range and bearing



each intruder aircraft is provided by digitized tactical data |ink system

in bl ockW

aircraft

The system ensures that each record of each i
Pﬁ)%/%ﬁfﬂﬁrocessed in step 254. Ingbl ock 256, range %Wﬂg@zogg{7ng

angles fromthe host aircraft relative to each intruder are conputed.
the transponder also provides data for a correlated aircraft in step 258,

then the system uses a conplementary filter nmethod to provide a better

esti mate of MPENHE ByRisowess iof gigjtdass

checks to determne if the 15 station keeping data for a correl ated
aircraft is24dailable in step 262. If it is available, then the system
uses a conplenentary filter nethod to provide an estimate of distance and

bearing from t he Referrhguicc FEG0D, thgratisdsliovn B suitpdinsion tadlibf ageeafhiot
avail able from | FF transponder and station keeping equipnent, then another
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step 266.
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If there is a tchl ta co | ati oce thenth stem uses a
conpl ement afyx¢d imede, M&E&j‘flggsﬁ?g\}{ggregﬁ%gﬁ)é @mef}%%@%?ﬁmrg%g WO
00/ 65373 PCTI USOQO 09517 26 fromthe two sources of digitized tacti cal
link and ai A neodadier tragk steefical 2Ficraftead rdaigmaipe FaiG traffic tand edlisighown a

mul ti-di nension tactical aircraft and collision npbdel used to eval uate

aircraft praxbidangei sittatiorss. oThel tesatical modanges atidee! distinetiveat aditisory,
determne relative tine space separation. In the m xed node, MCAS 18 uses a

different ticHBtiGRSAY dafMngiainsgiee! bdiRgRquhAmy distributed in three-dimensional

10

15

20

space and time to increase situation awareness and probability of avoiding air
collision. In addition, warning and caution air spaces are set with tighter time
constraints than the ATM mode, that is not only to minimize nuisance
warnings but to reflect the level of lethality of an air collision in a tactical
environment.

In the Tactical mode, the MCAS 18 determines if the aircraft's current
track being projected will intersect with the track of an intruder track. The
MCAS 18 then monitors a time-based dimension model as illustrated in FIG.
9 with three CAS influence spheres (80, 82, 84). The inner sphere 80, which
is defined as a highest probability of air collision — warning sphere, extends
from the aircraft equipped with MCAS to an intruder aircraft within about 10
seconds before two aircraft converge to a collision point in midair. The middle
sphere 82, which is defined as a medium probability of air collision — caution
sphere, is extended with an additional 15 seconds time from the warning

sphere. If an intruder penetrates the boundary of the warning sphere, an

dat a



ATM node to track tactical aircraft and determne air traffic and collision
avoi dance situations. The tactical node has three distinctive %%gglgory,

caut i on, VYR ni ng air spaces being e(&gal |y distribut edP§{USO

t hree-di nensi onal 10 space and tinme to inmcrease situati on awareness and
probability of avoiding air collision. In addition, warning and caution
air spaces are set with tighter tinme constraints than t he ATM node, that

i s not onlyEeseARRs Riraiesy Inag@at@meof Adaetiorhaveidanes resalytian ag¥isolyelRA) of

|l ethality of an air collision in a tactical environnment. 15 In the

Tacti cal nodach bheVeBA® mandevensrguidande (ditmd, descerad, tClismbcand &urh, ot r ack
being projected wll intersect with the track of an intruder track. The

MCAS 18 t hedeBBétd ahd t@rri)lvﬂﬁbbagﬁe@férﬁltear&ta?wue Aot a3f reluitedir feed in FI G
9 with three CAS influence spheres (80, 84). The inner sphere 80, which

| s defined gﬁlo%nréﬁ%?ﬁﬁﬁ'na%%béé bélléc%fd @ clf']o%g/ltﬁ'é)ﬂ ht YGRS g sRipRer €,

extends 20 fromthe aircraft equil ppe to a I ntrude alrcraft

Wi t hin ou second efore two ajlrer anver col lision point
0 dai T THE RGP e el aranayiet andlard Bicral PIREEUS8 b8SPRebRiBan 11 ty
of air collision - cautlon sphere, is extended with an additional 15
seconds ti mSitealipR WHB reapestig Oﬂé%fh%'FQEaﬁ iR thepioxirpiiairsprRefeaRd clearanee
boundary of the warning sphere, an WO 00/ 65373 PCTI USOQ' 09517 27 escape

st rat egy i nof keeal tarrainfsitaatior prejactedor daneaversy flight patrads isbown iI0RA)  such
as evasi ve maneuvers gui dance (clinb, descend, clinb and turn, or descend
and turn) WHAG. he. ae0ASaheHitde Ptimdebadir Pimersion bf aeadiiset; spisre gaui dance

command can be selected to couple with a flight control system 5 The RAis
a vertical mRRGUERISLRENPE5 3eb8hEE Bb tIBBEEBhdR#AI IRNINMEthE GR¥ruder
10  enters the MCAS aircraft's warning region 80. The closure time is calculated
based on the line-of-sight distance from the reference aircraft to the intruder
aircraft and the calculated closure rate if the closure rate is positive. If the
calculated closure rate is close to zero, then the closure rate is set equal to a
value of 5 Nautical Miles per hour to avoid any singularity in closure time
15 computations. If the closure rate is a negative value, then the reference
position (host aircraft) and the intruder are moving away from each other.
The closure rate is the difference between the velocity vector of the host
aircraft 85 and the velocity vector of the intruder aircraft 86 being projected on
the line of sight vector 87. In the event that the velocity component is not
20 available, then an estimated closure rate will be derived from the line of sight
distance and its update rate through a moving average filter. If the aircraft is
either a formation leader, a sub-ieader or a tanker, then MCAS 18 will send

ATM TAs and RAs and tactical TAs and RAs to wingmen (follower aircraft)

and refueler aircraft for display and guidance control processing.



Ssituation with respect to other aircraft in the proximty airspace and

cl ear anc f local terrain situation projected for maneuverin fg' ght path
as shom&lpﬂgmﬁkﬁ 11. MCAS nonitors a ti e- based di nensi o‘F.CHPS‘g’ﬁ” lhvi sory
sphere 84 that extends from 35 seconds up to 50 seconds fromthe tinme the
i ntruder 10 enters the MCAS aircraft's warning region 80. The closure tine
Is calculated based on the_|ine-of-sight distance fromthe reference

aircraft to the Fefewagr toaFlGy k& et ie Wl at bgic!fiwr diaggama ifer t he
closure rate is positive. If the <calculated closure rate is close to zero,
then the cl detarminiageorrectiee naneverstmaveidlareaio collisiausiiuatibn b laemixesr  hour
to avoid any singularity in closure tine 15 conputations. If the closure

rate i s a negrid vpekdtione Wheethéhatrugéearoest isppsht éfniohhaistspricecszfdsy and
the intruder are noving away fromeach other. The closure rate is the
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vel ocity vector of the intruder aircraft 86 being projected on t%%lne of

avail abi o, - Prefiet i e miBE’s 0568 eucBRRR et shflel e of

sight distance and its update rate through a noving average filter. If the
aircraft is9vidangerfonayg BJRaNeRE arg 'egisnfanaislorrayidechkethe peh Mmcas
18 will send ATM TAs and RAs and tactical TAs and RAs to wi ngnen (foll ower
aircraft) with flightislirectar egnatandsoandiflightagoatnel gomdzands. c ditis grocess
processi ng. WO 00/ 65373 PCT/ US00/ 09517 28 Referring to FIG 10, there is

shown a | ogreadd the phicaiiptadnfiight phigkedatarfongottothechbstvandTimiRidee asrctaft avoi d
an air collision situation in a m xed node operation. Wen the intruder

Pore! oL PR M ALI ARG RE L DO BB i o e
10  is performed in step 302. If both aircraft are in a climb phase, then biock 304
will be processed. The aircraft with a higher-pressure altitude will increase
vertical speed to an allowable level until the air collision condition is clear
while the aircraft with a lower pressure altitude will reduce vertical speed if the
terrain situation allows for it. If both aircraft are not in a climb phase, then the

15  test 306 will determine if one aircraft is in a climb phase while another aircraft
is in a descend phase. If the condition is met, then block 308 is processed. in
block 308, if the aircraft in descent has a higher pressure-altitude, then flight

path re-planning has to be performed as shown in FIG. 11. Otherwise, if the
aircraft in climb has a higher-pressure altitude, then the absolute vertical

20  speed from each aircraft will be increased. The next test 310 is to determine
if one aircraft is in climb and another aircraft is in level flight. If the condition in

310 is met, block 312 will be processed. If the aircraft in climb has a lower

pressure altitude than the aircraft is in level flight, then the aircraft in climb will

have to level out and the aircraft in level flight will need to initiate a climb. If



5 predict the necessary maneuvers for the host aircraft. The control and
gui dance_for avoi dance nmaneuvers are instantaneously prOV|ded to the pilot
with f1iYR% ¥ 8ctor commands and fli ghy, contr ol commandst HHFYBrYcess
reads the predicted flight phase data f 09r both the host and intruder
aircraft in step 300. Atest to determ ne whether if both aircraft are in
a clinbing phase 10 is perforned in step 302. If both aircraft are in a
clinb phasdhe taenatblingimgphas\a highss-piesswesaltitudenaa ther afreralfi i leyel

hi gher-pressure altitude will increase vertical speed to an allowable
| evel unti [flightetleen teldincsafoim cbmii willohaves te limaeasetihé eclitrite rater onidif airw th a
lower pressure altitude will reduce vertical speed if the terrain

situation olirwn Eenditibn id EleBPbRdahé irafdft rlevadlight wilt igitibteda Rizasent if hen
the 15 test 306 will determne if one aircraft is in a clinb phase while

anot her ai ngraftic diso g@afn%%qgég{g R 5t dehEnfDS GBI BHE I 1"

bl ock 308 i s processe scen

e B AL T8 H B R oo

hi gher-pressure al titude, then’ the absol ute vertical 20 speed from each
aircraft widlé will bacrressssed THe th@x?"’?béﬂ631bthesatr%ra§e'ﬂe|ﬁﬁﬁhﬂ'ghi fagna
aircraft is in clinb and another aircraft is in level flight. If the

condi ti on iloweBplessureslititudedbrRn3be aiidraft he desoerts sken thé ailceafhiin dewvefit in
climb has a |lower pressure altitude than the aircraft is in level flight,

then the aiflighitalill havectd Mtiateld debesst if eertain &lituatibon andllbhed ardbAbthern
| evel flight will need to initiate a clinb. If W 00/ 65373 PCT/ US00/ 09517

o o A P e e R G g
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this block 320, the aircraft with a lower-pressure altitude will decend at a rate
that can obtain terrain clearance and the aircraft with a higher-pressure
altitude will initiate a climb. Both aircraft will return to their previous altitude
when the air collision condition is no longer valid. The next test 322 is to
15 determine if both aircraft are in decent. If the condition 318 is met, block 324
will be processed. In this block 324, the aircraft with a higher-pressure altitude
will level out and another aircraft will increase its descent rate if local terrain
situation is permitted.
Referring to FIG. 11, there is shown a flight situation where it is
20 necessary to re-plan the current flight segment to avoid a mid air collision
situation between the host aircraft 360 and an intruder aircraft 362. The
system will process the situation with an initial right turn 3568 and determine if

the local terrain 362 that corresponds with this proposed flight path is clear

from the proposed vertical path. If this flight path does not have a terrain



terrain is also clear. The next test 314 is to determne if one aircraft is
in level 5 flight while another aircraft is in descent. If the condition in
314 is MOk 316 will be processed30 In this block 3F§TYSPUPRE
aircraft in level flight has a |ower pressure altitude than the aircraft

I n descent, then the aircraft in level flight will have to initiate a
descent if terrain sjituation is allowed and another aircraft will have to
| evel out. FiRArARSE. hesta symmetry pafe386nvillbe evanatedifercbalht ait odision n

| evel flight. If the condition in 318 is net, block 320 will be processed.
In this bl @k tegain ¢cleararicec3éd.t Diffaranbturowaglgsr il e esend td findl theniatératiecend
at a rate that can obtain terrain clearance and the aircraft with a

hi gher - prespuatie  AHdrt tite a kbllisiont tendition Cki id . loRgéM valid, cihrf hirdtdil wilt urn
to their previous altitude when the air collision condition is no |onger

valid. The ﬁéhﬂéﬁ’%tméggu\}e?tBQF%Eﬂ%%@d?fg‘lldeLﬂ@gﬁg)aﬂﬁrcraft are in decent.

If the conditio IS net essed. In this bl ock

324, the.aircraft ressure alti eveI and

anot her 3ircraft %ﬁ% ”r]gra%) %g{% Q@erg Wnr%k’gjcﬁfd'?gfém o[;érrorvggoenloggq tuation
is permtted. Referri ng FIG 11, there IS shovvn a flight situation V\/nere
it is 20 n@dLuPRUtaY P%psrfaﬁnﬁﬁéoqz%a%memtwrgﬂta fopyation fightalls Hrd mi

air collision si tuat i on between the host aircraft 350 and an i ntruder
aircraft 353teprABO isicdeterming if phe furpmationdlighttiaactioe fithé femmationt flight ri ght
turn 358 and determne if the local terrain 362 that corresponds with this

proposed f | iighttiystthe isgsteheaill pfocess the infoopatiads ver s aad rqp@ithd f this
flight path does not have a terrain WO 00/ 65373 PCT/ US00/ 09517 30

clearance, tfiRpafirsy foridton? BrdsetatasLibn Be r@mw%@ﬁ.oﬁwﬁs@@é Ih few and
collision and terrain clearance 364. Different turn angles wll ‘be used to
find thggl aEeé)?és, and dynamics coordinated tactical information in block 402. In step
410 a test is performed to determine if the aircraft is set as a main formation
flight leader 409. If it is, then the system processes flight dynamics data to
determine maneuvering events (e.g.; begin to turn, turn left, turn right, begin
to climb, begin to descend, and etc.) to signal to the follower aircraft. In the
15 next block 414, the system collects and formats data into packets that would
be needed by the follower aircraft. In step 420, if the system determines that
the aircraft is not a main leader but a sub-leader 419 in a formation flight 420,
then the system will process the information associated with ATM/tactical
traffic advisories and resolution advisories provided by the leader aircraft. In
20 step 422, the system will use the navigation data from the host aircraft as well
as the leader aircraft to determine relation position errors based on the preset
relative offset values. With the computed relative position errors, the system

feeds this information to the guidance control process to determine pitch, roll

and thrust commands for error correction. In block 422, the system also



path. When the air collision condition is no |longer valid, the aircraft

w | | change its maneuver to re-capture the original flight /ﬁ?at}a g
Ref erri nYOOOB’EG 12, there is shown a bl ock diagramto 8‘? TH8PYdi ¢ and

conput ati ons perforned for each nenber in a formation flight. The first
step 400 is to determine if the formation flight is active. If the
formation flight 1is active, the systemw || process the information such
as the rol edaierminesavhethar to engage oF digenagage gectosmatian dighicnodss tel ati ve
position offsets in x, y, and 10 z axes, and dynam cs coordi nated tacti cal
i nf or mat i orblock BR6cthed)Bternmaenitps thd Positibe skeviatiopsrdgaimet dhe apdet as i ne i f
the aircraft is set as a main formation flight |leader 409. If it is, then

the systempsipgsssesr thrésibldsiogigges diriréntformasdefightadiRBAEYEThEY event s
(e.qg.; beginto turn, turn left, turn right, begin to clinb, beginto

descend, a’\ﬁ’eﬁtb?oélﬁ A?ih %t%%&le#:?aﬁ@?ré%s%%‘ﬁﬁaﬁdrf ﬁi@@f batd Padkaftd> next block

414, the systemcollects an ormats data 1 nto packets that would be

he ai r o afttorsehs 1 kel Bt eSS 2 b o B4R o

flight 420, then the systemw || process the information associated with
ATM t act i cadetefminerif thesdiverafis awipgmansdag. (t it isn theiy bloskid32 iprsocers@doy t he
| eader aircraft. In 20 step 422, the systemw || use the navigation data
from t he hoJheaystemafproeassesithe informhation ezldied tai ATtMadnd tactidaltteaffic ne
relation position errors based on the preset relative offset values. Wth

the conput eshivisdrads atd pelisiona@selution proditied sy theRadeterdsa bhitofisithatiomt i on
to the guidance control process to determne pitch, roll and thrust

conmands foéﬂgfern% sgn‘gétpflgyﬂrifQHne\t)'{i]dh.b}\Pﬁ‘é &ire tiWinﬁ%?%@ﬁk@s%%W%65373

PCT/ USQO/ 09 erm nes ether to engage or sengage formation

FIight 1r60dethelvxr}|ngman calculates relative position errors in order to feed this

information to the guidance control process for generating pitch, roli and
thrust correction commands and formation mode state in step 434. In this
step, the system also monitors maneuvering command from the leader
aircraft in order to compute delayed time and that will determine when the

15 wingman should initiate a similar maneuver. In step 436, the system also
compares the position deviations against specified thresholds to generate
formation flight advisories such as: unable to keep up with the formation flight
designation or exceeding lower threshold limits. As in the event of
information flight break-away, the system will determine target roll angle

20 command and target air speed to feed to the control guidance based on the
aircraft relative position in a formation. An example for this is that the first
right wingman will initiate a 30 degrees right hand turn and reduce 10 knots in
airspeed and his follower wingman will initiate a 60 degrees right hand turn

and reduce 20 knots in airspeed.



bl ock 426, the systemnonitors the position deviations against the upper as

wel | as I“ﬂ%? resholds to trigger different formation flj Vi sori es.
The next d(’é%s %428 is to collect and pr%ess formation f|PF3mS°@g%5é packet

to 5 transmt to the follower aircraft. step 420 is a no, then the test
430 is to determne if the aircraft is a wingman 429. If it is, then block
432 is processed._ The s sé‘em rocesses the information related to ATM and
tactical traffic ReGUINDI BIG-dh theye is shewnra lgic flowdiggram destrajng the

| eader as a part of situation awareness display information. At the sane
time in stepragssingfordopkerd9hand airre-fwehemaircrathi492liatvesous phses oposi ti on
errors in order to feed this information to the guidance control process

f or gener at iamgaipréfabling atissiand Thehsyssémazinr o bothcemanils adtheor nat i on
node state in step 434. In this step, the systemal so nonitors naneuvering

command f r oefufelcRAMRINtAIN STEakE dithafbd A drOnEBMISy Qﬂyﬁg@& bt fife and that

w |l determ ne when the 15 wingman should initiate a’si r maneuver. In
step 4365 t 0 itio LatlQ I-nst
peci 1ol t MPSBrhoT i MCASIRARSE shilde PSHhbr Bnd *ealie SRR arbRtes.
unable to keep up with the formation flight desjgnation or exceeding |ower
t hr eshol d |?<ﬁ§tpé?aW§tt?"ﬁ AP YR t%fderﬁ’f%?a'ﬁ?ﬁﬁ?r éﬁg’@lﬂi gJHerpatiek eleRasNt t he
systemw || determne target roll angle 20 command and target air speed to
feed to therelghve dcajignriictbenes iapronetthe effigiengyaand mission timesdor iri-on in a
formation. An exanple for this is that the first right wingman wll
initiate a 3@yhdegndezsvausgrertianthe advartade fediendeilodenosing idigitizéd speed and
his follower wingman will initiate a 60 degrees right hand turn and reduce
20 knots i ntadticapaath linhQsAeIRR38 Hostieh, Htgd ARildrivdkime can be displayed
10 more accurately. Relative range and bearing will be calculated by MCAS
based upon GPS position broadcasting by the Mode S transponder or
received by digitized tactical data link system. When making close encounters
with other aircraft for rendezvous purposes, the MCAS equipped aircraft will
inhibit tactical traffic and resolution advisories and allow transition to an air-
15 refueling mode to take place. The system checks to determine if
rendezvous/air-refuelling mission is selected in step 450. If it is, the system
obtains aircraft role in the mission along with the rendezvous position 494 in
block 452. Next step 454 is to determine if the aircraft is a tanker. If it is, the
system calculates distance, bearing angle and estimate time of arrival to the
20 rendezvous position, which is the control point of the tanker orbit in step 456.
The system also searches in the intruder track file for the air-refueller aircraft
identification to determine if the air-refueller aircraft is within the contact range

in step 458. The next test 460 is to determine if the air refueller aircraft is

linked up to begin the refueling phase. Ifitis, the tanker aircraft control



Referring to FIG 13, there is shown a logic flow diagramillustrating the
processing for tanker 490 and air re-fueller aircraft 492 in vari oys phases
of an aVPe¥idling nission. The systeﬁbcan al | ow both tH"PNER!"and t he
refuellers to maintain precise situation“awareness during all phases of the
5 operation. The MCAS di spl ays range, bearing, and relative altitude. These
key paraneters can be used to identify another aircraft or formation

el ement  r eDHidanee|sypas verwiththenainspeedef teairtiefueller aireabyin step A62silfon
times for in- flight rendezvous events. The advantage for rendezvous using
digitized ttashbtdhedastent prdparss rehddzvoas posl dif miuelirmndata pavkeafori val tinme
can be displayed 10 nore accurately. Relative range and bearing wll be

cal cul at ed Hﬁn%io@ﬁﬁ@t@gmﬂ IBtive Rt sep Predsenniddianby tHdodbde S

transponder or received by digitized tactical data |ink system Wen

maki ng cl osg; er. 1 L f r I t he
VEAS equi ppaliciar SR A efletier, BetEindisic doridtng ditiRer G147 4P B RRBRy
advisoriges gnd allow tragnsition to air. 15 refueli node to take pl ace.
The aystom Hioakwangs mdarknaenass. Thnaaiviluplants i Aderns ppesesBeon i o
selected in step 450. If it is, the system obtains aircraft role in the

m ssi on al oR¥SiRM Wilk srmpanddhe sestipbgilidanae 40 8yna uphyiitihesepkenaikt step 454
is to determne if the aircraft is a tanker. If it is, the system

cal cul at es dpseairtstepodB0.i\Whilanmgthe @xilieisg phetse, thereysi€macalcwlatest o t he 20
rendezvous position, which is the control point of the tanker orbit in step

456. The sysiheve pbsifioR eRVENRPsIIN stdle48RthddeEds S infbirh&tidPfo Eddrol
air-refueller aircraft identification to determne if the air-refueller

R L TR s Dl
Lg;f%lsbg(? Ogg%gr%ﬁ ilsfnoittyeit iH déc emg% %Hggé, t iers%/rs?efr% V\?ll?%r[nglute |s?a(1)r406e5,%7e%ring
angle and estimate time of arrival to the initial point (IP) and control point of
tanker orbit in step 474. The system monitors based on surveillance to
determine if the tanker is in range in step 476. The last step 478 is to prepare
rendezvous and air re-fuelling data packet for transmitting.
15 Referring to FIG. 14, there is shown a logic flow diagram which outlines
logical conditions to determine appropriate power level required to be set for
RF radiating sources. These sources include mode S/IFF transponder,
tactical radios (e.g., ARC-201D, ARC-220, or any tactical VHF/UHF), station
keeping equipment and airborne radar). The first step 500 in this functional
20  module is to get information regarding aircraft role as well as pilot command
for power setting for RF equipment. In step 502, if the electromagnetic
communication mode is set to silent, then the system will set equipment to the

standby mode and turn off transmission power in step 504. If the silent mode

has not been set, then another test 506 is involved to determine if the



33 guidance syncs up with the air speed of the air-refueller aircraft in
step 462 L.f. 1s not, the system prepares rendezvous a i eling
dat a pacl%(%g(%/%gg%’ transmssion in step 464, If the test inr}gtTZ%%%%fly
determnes that the host aircraft is an air-refueller, then the system
perfornms another test 472 to verify 5 the aircraft is in docking phase. IfI
the air-refueller is {n,_dockin hase, the systemw || command the contro
gui dance t o QFEdGH etiprtp}qgve[r%@%&g 'éiarCt'VgpéfZ'\é'si’ & BYiemgRets WaANSEI$SiOn he
re-fuelling phase, the systemcalculates relative position deviations in
step 482 andPAWRIdOr i eabipmsntardnlot setingtingtep $OBdaFe next iesb B fes to
correction commands in step 484. If the air-refueller 10 aircraft is not
yet in dockidejephineeif thehairsiadt isna sublleadermint 2 fatiradtionciightbeasitagkeringlee and
estimate tine of arrival to the initial point (IP) and control point of

t anker or bi tfubMlingttase? 4 te¥h816)S LR FRSH Y %&éﬁﬁé’et%hr%r‘ﬁi&@i’oh' BeGEr 1P

determne if the tanker is in range in step 476. The |last step 478 is to
repare sre Zéé\qhﬁm ' = ' c 0 r m, {0 15
pRef grri n95 t(r)Fq IPZI 14?H€%€!({ewéﬁpé\ﬁ§%évggIogg‘%%d%%o#véﬁ %@g%tgk ﬁ?cﬁ% E)Hue{]%sr%es

| ogical condijjqns to determ ne.appropr.jate power level required to pe set
fo? RF rad?éo{H ﬁatséém%se 'atm%ggc%gursceé & AV gENIRh aECTE ¢iFan raéfh'?f)‘d)‘?{g’ér,
tactical radios, (e, g., ARG 201D, ARC-220, or any tactical VHF/ UHF), station
keepi ng equi'Brigfrellfigirhasedha sysiemssts thedransmissiongpwerdor R aggipment
functional 20 nodule is to get information regarding aircraft role as well
as pil ot cortenkakage igmbin stapt $16g Ctbervibe dhaisystam setsnREteruim®2nt td at he
el ectromagnetic comruni cation node is set to silent, then the systemwl|
set equi premntorhidal (reedisih®sbwerveds! iartep B18. of f transm ssi on power in step
504. If the silent node has not been set, then another test 506 is

I nvol veqot o det erggferind td BRG 15a, there is shown a display format of traffic and air

collision situation in ATM mode with a complement of tactical aircraft 550 and
554 detected through digitized tactical data link medium and ATM aircraft 552
and 556 detected by the IFF Mode S transponder.
Referring to FIG. 15b, there is shown a display format of traffic and
15  collision situation in a mixed mode. The information of air traffic and
avoidance information generated from the airborne radar system and station
keeping 562 is combined with the traffic information processed by the IFF
transponder, such as 552 and 5§56, and the tactical digitized data link system,
such as 550 and 554.
20 Referring to FIG. 15¢, there is shown a display format of tactical
situation awareness provided by the formation leader being overlaid with the
position error 574 and relative velocity 572 with respect to the formation

leader aircraft.



WO 00/ 65373 PCT/ US00/ 09517 34 override node for power setting is active.
If it is, the systemsets transm ssion power for RF equipnent per 7piIot
setting VO W6sH3508. The next test 510i3 to determne i CT/HéO(g?gﬁbraft is
a sub-leader in a formation flight or a"tanker in re- fuelling phase. If
test 510 is true, then the system set transm ssion power for 5 RF equi pnent
to | ower power |evel or |eakage |level in step 512. If the test 514

det erni nes that PiReravadatigns jandemaificalions ngfmilie drresenlf inventign will be
air-refueller in refuelling phase, the systemsets the transm ssion power
for RF equi ppearent tathoskeeafksigein thecdrt,i ands it ep thel Biter@ dfeheiappentbe oiaisisem
sets RF equipnent to a nomnal (nmediunm) power level in step 518. 10

Ref erring tallsGehhariatibgs @andsmabiivatichslbs RoRrddor The partidulad falgearthdai r
collision situation in ATM node with a conpl enent of tactical aircraft 550

and 554 deg&ﬁ?ﬁga@g’%@ﬁg&ﬁe@ étt@l’e?%ée@?gv‘éﬁég%'daarbid?t%d'?ﬁ%ié%cﬁglgst?gﬂ@

aircraft 55 et ected F Mode S transponder erring to

Gi tuat 1 on i A i dRGERenece B o atdT ot PufPbt a0 o .

information generated fraomthe airborne radar system and station keeping
562 is conbifffedceRe ©fthe ibyeRtone Fef XamRients sPEIE) MRpNtRg fechnique
transponder, such as 552 and 556, and the tactical digitized data |ink
system sutsught iB50.SndPa854N0.26,805f 11 iqegld deriigplensentedhisr ghe prebemin a
di splay format of tactical situation awareness provided by the formation
| eader bei nghvewtoh aodextehd TGAS detadtionmragyeor Fartheanither pleaient enveition t y
572 with respect to the formation |eader aircraft.
further comprises a digital terrain elevation database that allows the TCAS to
10 generate a vertical terrain profile, which results in a survivable control and
guidance system. It is contemplated that the use of the present invention can
involve components having different characteristics as long as the principle, the
presentation of a TCAS with a tactical based module, is followed. The present
invention applies to almost any CAS system and is not limited to use by
15 TCAS. Additionally, although the present invention has been described with
respect to aircraft operating a military tactical environment, it has application to

aircraft operating in a civilian/commercial air space. It is intended that the

scope of the present invention be defined by the claims appended hereto.

20



WO 00/ 65373 PCTI USOQ 09517 35 Other variations and nodifications of the
present invention will be apparent to those of skill in the art, and it is
the int SKP 0S¥ he appended claims that such variations aHEHINPF¢ati ons
be covered. The particular values and configurations discussed above can
be varied and are cited nmerely to illustrate 5 a particul ar enbodi nent of
the present invention and are not intendfed to limt the scope of the

i nvention. For exanple, the antenna nounting technique taught in U S. Pat.
No. 5,805,111 could be inplenented in the present invention to extend TCAS
detection range. Further, the presentCiANM®tion further conprises a
digital terrain elevation database that allows the TCAS to 10 generate a

vertical terrai m profAlgidaitiofiRidreavdilianédIssten for ViablaboarhbhQlircpa
gui dance system It is contenplated that the use of the present invention

can involy ng different characteristics as long as the
p SR ER Y,

principle, prese of a TCAS with a tactical based nodule, is
foll owed. The present invention applies to alnost any CAS systemand is
not limted to use by 15 TCAS. Additionally, although the present invention
has been described with respect to aircraft operating a mlitary tactical
environdent, it has appeirdeafieomanagesment magdulgper monigringand tracking
civilian/commercial air space. It is intended that the scope of the
present i nvardrafiin tree dietiaffidcdntrdl lemvobament episenaldd themétmft @0 W0/ 65373
PCTI USOO' 09517 36 CLAIMS 1. A mdair collision avoidance systemfor use

aboard an aheytdm is located,

a tactical based management module distinct from said air traffic
10  management module, said tactical based management module for monitoring
and tracking tactical aircraft in the tactical environment external to the aircraft

on which the system is located, and

an internal communication link between said air traffic

15 management module and said tactical based management module.

2. The midair collision avoidance system in accordance with claim
1 wherein said tactical based management module includes means for
providing essential control avoidance to maintain an aircraft in a formation

20 flight or to carry out an air refueling mission.

3. The midair collision avoidance system in accordance with

claim1 further comprising an external dual bus system for linking said system



the systemconprising 5 an air traffic nanagenent nodule for nonitoring and
tracking aircraft in the air traffic control environnent external to the
ai rcraf t WOPORRI8h the systemis |ocat ecfl a tactical baseBCHEAYYERENt

nodul e distinct fromsaid air traffic 8 managenent nodul e, said tacti cal
based managenent nodule for nonitoring and tracking tactical aircraft in
the tactical environnent external to the aircraft on which the systemis

| ocat ed, anwithrothet eqwinmend ahearcts arcreftnk bet ween said air traffic 15
managenent nodul e and said tactical based nmanagenment nodule. 2. The midair
col lision avoi dance systemin accordance with claim 1 wherein said
tactical based managenent nodul e includes neans for providing essential

control avoidancg to mhkethiial Gligibrh é(/él‘dbnbé's%t%ﬂ{ BREIRPA 120hédeigBhidor to
carry out an air refueling mssion. 3. The mdair collision avoi dance

System for aﬁﬁﬁiﬁjﬁ%ﬁﬁaﬁ*&‘e@% uftodie it %@%%33@%%%%83%‘%@@%% e e
T P et TabdiiBibetes AiecBndtts 884 bl SR ReReqRRRS cAErp .

said tactical based 5 managenent nodul e i ncl udes a second bus, and said
internal coluMcudesoaN INteRRCE seNDRRiedAn spit Wist aBe seepRBHES S 0 said fir st
and second busses. 5. The midair alert and collision avoi dance systemin
accordance wth claim1l wherein said tactical based managenent nodul e
i ncl udes an
5. The midair alert and collision avoidance system in accordance
with claim 1 wherein said tactical based management module includes an

10 intruder track file correlation process.

6. The midair alert and collision avoidance system in accordance
with claim 1 wherein said tactical based management module includes a

tactical collision avoidance process.

15
7. The midair alert and collision avoidance system in accordance
with claim 1 wherein said tactical based management module includes a
formation flight advisory and guidance process.
20 8. The midair alert and collision avoidance system in accordance

with claim 7 wherein said formation flight advisory process can be set

dependent on the aircraft being a leader, a sub-leader, or a wingman.

9. The mid-air alert and collision avoidance system in accordance



10 intruder track file correlation process. 6. The mdair alert and

col i si o, avoi_dance systemin accordance wth claim1l wherein 0sai d7
tactical @a‘g’éﬁéyﬁanagenent nodul e i ncl ude§8 a tactical col FFLGUSAYYYI dance
process. 15 7. The mdair alert and coll7sion avoi dance systemin

accordance wth claim1l wherein said tactical based managenent nodul e
includes a formation flight advisory and gui dance process. 20 8. The

m dai r al er Wikhel2E® (1 WReISH 89iditaghical baged snanagapedrmandle inaludRs @ ai m 7
wherein said formation flight advisory process can be set dependent on the
ai rcraft beiragdezvossdied aiarefuleling adeisornpand guidegceprodessthe nmid-air al ert
and col lision avoi dance systemin accordance WO 00/ 65373 PCTI USOCQO 09517 38
with claiml wherein said tactical based managenent nodul e includes a
rendezvous and air-refueling advisory and gui dance process. 10. The m dair

alert and col |1 Sin aveidiants: S8 &1 LOIGER YRR Sl h Gbghlladcuher el n

said air-refueling advisory and guli dance process can ependi ng on
the aircgaft,. i refuel i rocess., 11. The m dair alert and
o 1 i on ayiyEAE S0t R ERiE a8 Ron A ifemin ardedhocian e
tactical based managerment nodul e_includes a 10 conmmuni cation process for
gener ati ng &GHAEPENGRLIAN theRiegafisirrle BdDPIBIURlINGHIPeass -t o t he operator of
the aircraft. 12. The mdair alert and collision avoi dance systemin
accordance wth claim 11l wherein said audio signals represent advisory,
caution, and

11. The midair alert and collision avoidance system in accordance

with claim 1 wherein said tactical based management module includes a
10 communication process for generating audio signals representing advisory

notices to the operator of the aircraft.

12.  The midair alert and collision avoidance system in accordance
with claim 11 wherein said audio signals represent advisory, caution, and

15  warning notices indicative of distance approximations and closure rates.

13.  The midair alert collision avoidance system in accordance with
claim 4 wherein said tactical based management module includes an intruder
track file correlation process, a tactical collision avoidance process, a

20 formation flight advisory process, a rendezvous and air-refueling process, and
a communication process, each of said processes being connected to said

second bus.

14.  The midair alert collision avoidance system in accordance with



15 warning notices indicative of distance approximtions and cl osure rates.
13. The mdair alert collision avoidance systemin accordance with_ claim4
wher ei n ¥Qi0¥63%%t i cal based managenment gpdul e incl udes arfGHYFYEEY7 track
file correlation process, a tactical collision avoidance process, a 20
formation flight advisory process, a rendezvous and air-refueling process,
and a communi cation process, each of said processes being connected to
said secordlaibud3 whereimhsaiditaetical based managesiesT nRediie dwdkerdpsliugdasian
accordance with WO 00/ 65373 PCT/ US00/ 09517 39 claim 13 wherein said
tactical basedrorenaggeenntrdoéss, famrintermodude widds link pcasessob taetitayenent
process, an inter-nodul e data |ink process, a tactical conmunication

control proghssunicatiohdoproRPEbdess! a @ditSioRPeasser dat® bedlisega semnsing dat a
process, a tactical traffic alert process, a display drive process, 5 and

an ext er nal o J oy AN ULOUL AURGPRS O bn GAMNRK! Ediitflapahide SRGQIG, bus.

15. The m dai col T rsron avol dance system i anc claim1l

tact i cal bshbmeyanRbuhaas oS tioficest Aborn b & SR sRHg

collision avoi dance systemin accordance with claim 15 wherein in the
tactical node the airspace around the aircraft is divided into an
advisory, a caution, and a warning air space, said air spaces being equally
distributed in thsee-Gheendaivdert spllisienavdidanee. sysfertin atherdandaiwith
collision avoi dance systemin accordance with claim
claim 1 wherein said system can be set to an air traffic management mode, a
tactical based management mode, or a mixed mode.
10
16.  The midair collision avoidance system in accordance with claim
15 wherein in the tactical mode the airspace around the aircraft is divided into
an advisory, a caution, and a warning air space, said air spaces being equally
distributed in three-dimensional space and time.
15
17.  The midair collision avoidance system in accordance with claim
16 wherein said air traffic management module includes a tactical collision
avoidance process activated when an intruder aircraft is crossing the
boundary of said caution airspace.
20
18.  The midair collision avoidance system in accordance with claim

16 wherein said tactical collision avoidance process continues to be activated

when an intruder aircraft is penetrating into said warning airspace



16 wherein said air traffic managenent nodul e i ncludes a tactical collision
avoi dance process activated when an intruder aircraft is i he
boundaryWBPO/gsﬁ%l caution airspace. 20 18, The midair col Ill?ccrs"lpf@ioo&g%%dance
systemin accordance with claim 16 wherein said tactical collision

avoi dance process continues to be activated when an intruder aircraft is
penetrating into said_warning ajrspace WO 00/ 65373 PCTI USOO 09517 40 19.
The midair colli%-on BRRMIAREeolisionaMaidance SRR agreidapcewih alaiiRer ei n
said systemcan be set to one of a plurality of operational nodes,

i ncl udi ng a Wwhensinisaid systght camble sehtb ane efidgdviality ¢fl spgirationalensde®). The

m dair collision avoi dance systemin accordance with claim 1 wherein said

tactical baseddimpagemmationiighl dodecindde serdagzadus fiigheamedeey transm ssion
power control process. 21. The mdair collision avoi dance systemin

accordance with claim 10 1 wherein said tactical based managenent nodul e
includes a tactical alert process capable of replanning to avoid mdair

coLllsigne, 22, 20° gl bhSare RIYUANER G SRR EpeR

claim 2Z1 wherein’'s procéess’ i nclu ron of
altitudes 1 bove th roupd terrain. 23. A mgdair alert and _collision
Vol dance s} SPERYBRA 1tRg| Dase e g est S IMoHOSS & AP (et

generating and 20 broadcasting data to a host airplane, and a traffic

alert and dEaNSreissiPNPANSCIHIA PEPREASL ocat ed on t he

21.  The midair collision avoidance system in accordance with claim
10 1 wherein said tactical based management module includes a tactical alert

process capable of replanning to avoid midair collisions.

22. The midair collision avoidance system in accordance with claim
21 wherein said tactical alert process includes determination of altitudes

15 above the ground terrain.
23. A midair alert and collision avoidance system comprising

a plurality of data link transponders for generating and

20  broadcasting data to a host airplane, and

a traffic alert and collision avoidance system located on the
airplane and including receivers in communication with said transponders,

said traffic alert and collision system further comprising



ai rplane and including receivers in comunication with said transponders,
said traffic alert and collision systemfurther conprising WO 00/ 65373

PCT/ USOOYB9%95373 41 an air traffic managﬁ nt system for "PO%Y "and
tracking objects in the air traffic co inrsol envi ronnment external to the
aircraft and 5 a tactical based managenent system in comrunication with
said air traffic managenent system for nonitoring objects in the tacti cal
environnment external to the airplane. 24. The midair collision avoi dance
systemin accordance with claim 10 23 further conprising a bus systemfor
recei ving data i nput saf rartrafic thanayeenemstrsysteifor doaitsyrsd amd beickingconnect ed
to said traffic alert and collision avoidance system 25. The mdair

col | i sion aygke@NRehS uH ettt BoAFePEMARIRndMtidXt&nal 1B th&Saikdattptei n one of
sai d transponders provides digital terrain elevation database to said bus

systens whereby said system can generate vertical terrain profiles. 26.
The mdair collision and avoi dance systemin accordance with 20 claim 23

further conprising a plurali of display devices and wherein said air
LRt G Smnagenent oy SietHEh AR SRS et s s A A EeR el Mihced
managenent systemincludes a second bus, one of said displ a¥ devi ces Dbeing
connect ed t$Rid@iHrafficsaanpgement sysderse imaonitay@sobjects in the tactical

environment external to the airplane.

24.  The midair collision avoidance system in accordance with claim
10 23 further comprising a bus system for receiving data inputs from said
receivers, said bus system being connected to said traffic alert and collision

avoidance system.

25.  The midair collision avoidance system in accordance with claim
15 23 wherein one of said transponders provides digital terrain elevation
database to said bus systems whereby said system can generate vertical

terrain profiles.

26. The midair collision and avoidance system in accordance with
20  claim 23 further comprising a plurality of display devices and wherein said air
traffic management system includes a first bus and said tactical based
management system includes a second bus, one of said display devices

being connected to each of said first and second busses.



