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5 BACKGROUND OF THE INVENTION IIl. The present invention relates generally
to the field of avionics for airborne collision avoidance systengg(CRAN]
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 efobdwssmirlines, the aviation industry, and th&CFageyepst?
Aviation Admnistration (FAA). The system referred to as Traffic Aert
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 H," printed by the Féderal Aviation Adm nistration of
the U S. Departnent of Transportation, March 1990. 20 The devel opnent of
an effective airborne CAS has been the goal of the aviation comrunity for
many years. Airborne collision avoidance systens provide protection from

collisions with other aircrafgiparEorIgsioNaAERDANCEEYSTEMND based air
traffic control. As is well appreciated in the aviation industry, avoiding

such collisions with other aircraft is a very inportant 25 endeavor.
Furthernore, collision avoi dance is a problemfor both mlitary and

commercial aircraft alike. ggg%%?@%@;gg lemJIbﬁneous nunber of

TCAS 0 8 OCT 2003 WO 00/ 65373
Iil. The present invention relates generally to the field of avionics for

airbarne collision avoidance systems (CAS).

10 Spurred by the collision of two airliners over the Grand Canyon in
19586, 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 li (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
degrade the effectiveness of maintaining precise position/separ @b'ﬂ[ﬂﬂ
criteria with respect to other aircraft and obstacl es. Thereforé! 2003
pronote the safety of air travel, 5 systens that avoid collision with other
aircraft are highly desirable. Referring to FIG 1, there is shown a bl ock
di agram of awoosssenti onal TCAS system Shown in FIG | areciG8609517
directional antenna 10, TCAS omi-directional antenna 11, and TCAS
conputer unit 12, which includes receiver 12A, transmtter 12B, and
processor 12C. Al so shown are aural 10 anrunciator 13, traffic advisory
(TA) display 14, and resolution advisory (RA) displays 15. Alternatively,
the TA and RA displays are conbined into one display (not shown). The

transponder is jpRARYaERE fidm CloaBSP EsIARItioH HirkraltflembeAN§éiraRAIghinddR  and

transponder antennas 16C and 16D. The TCAS and transponder opérate

together to funahiodfedbngy (e ihielierec) pYhEMly deyrd@0ffs kil led in

the art understand t hat Is’is nerely illustrative of conventi onal
Ao SxarTAfy ke ) P R U6 RS BRRER I R e
kooun Lo, L10%® Stdialh dPoRlkaed PrpRSSE eRlnd PR LS,
2 o e e, bF A PAT 25 o BT i B S Bl 2L
Cransm & ing a repl JAREDS {4 FIGcbilveis 18 RAoRGHegeogray ote cspremiipal
00765373 PCTI US‘IQgAg%%tZem. Shown in FIG. 1 are TCAS directional antenna 10, TCAS
omni-directional antenna 11, and TCAS computer unit 12, which includes
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 168, 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 fo the query by transmitting a reply that is received and processed



by the interrogator. Cenerally, the interrogator includes a receiver, an
analog- to digital converter (AID), a video quantizer, a |eading edge
detector, and a decoder. The reply received by the interrogator includes a
series of information pulses that may identify the aircraft, or (dditdailfs
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 SysteWQWFERBS) format or in a Mde-Sel ect (Mde- S)PEUYHEPISII her
replies are possible as is known to those-skilled in the art. A TCAS I
equi pped aircraft can nonitor other aircraft within 10 approximately a
20-mle radius of the TCAS || equipped aircraft. (see, e.g., Brettner et
al ., U S Pat. Nhythgindgreogetar, Gerergdy.dhe inigiegalenisciudes asgesivgsl AR RRAIGY

Ext ended Range TCAS, which describes an extended range TCAS.) Wen an

i ntrudi ng ai rcr 46 digital cheverted (AQ),taovideo quaniizeata leadingTeeiys detectey endm al ert s
the pilot to the danger and gives the pilot bearing and distance 15 to the
i ntrudi ng aircr afecoderf THeaeplyrreetived bydhe mbyodgador indddes eceliesobn or near

m ss is probable, then the TCAS 11 system advises the pilot to take evasive
action by, for anfanpation plisesbthapnmay idestife e siccrafo anvonthimattinidel grictiner The
TCAS Il system which is currently in operation on many conmmercial and
mlitary airgrafifforrh&tiote Mhe @&HI9Gs h\pRISe pd¥itni rbd@atBdPPM g il 20

avoi dance in civil Ar Traffic Control (ATC) airspace in determning the

range, altitude,yRaditkeAihidt8enhh Aictifc Cortkd Radaf BBheReSyseh AYIIES)
SI ATCRBS transponders. It nonitors the trajectory of theSe aircraft for

the purpose of - atadi Mbde Bk ModdISTIcEARE! bitd:%eiedr ok abieca L Si on

hazard. The system is responsi or estimating the projected I ntruder
track and deter g i A9 ot kiRdFFihaedR3 WO 00/ 65373 PCT/ USOCQ 09517

A TCAS Il equipped aircraft can monitor other aireraft within
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 il
system alerts the pilot to the danger and gives the pilot bearing and distance
15 to the intruding aircraft. If the th}eat is not resolved and a collision or near
miss is probable, then the TCAS |l 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



4 potential conflict exists. If a conflict is detected, the system di spl ays
an advisory to the pilot. The system al so provi des gui dance for verti cal
avoi dance maneuver, known as Resol ution Advisories (RAs). Conpl enggtﬂg )?[][]3
avoi dance maneuvers between two TCAS equi pped aircraft 5 are ensur I/
automatic coordination of nutual intentions with the other aircraft

t hrough the Mobde S transponders and associ ated TCAS. However, the TCAS ||
(or other TCK8ATHX) originally was not designed to handl BCOASeNSSIT SSi on
capabilities, which would be required, for 4 exanple, by mlitary aircraft.
Exanpl es of such unique m ssion capabilities 10 are: operate in a tactical
environnment (tactical speed and dynam ¢ maneuvers), perform highly dynam c,
cl ose-in fornat PB'i?“f'?'i“@‘??",Ct BXigtee Habeenflictisdetasted the spstemalisplays ar sane
time, the systemnust effectively detect and avoid mdair collision
situation. 15 | pfvisayiamrepityt. TiRe systernsisomravidesguidance fomuatitalon conpri ses
a hybrid mdair collision avoidance system (MCAS), which can provide a
conpr ehensi ve saveidange manenvef, kown asiResslution Advdsstiss®AgNd uni que ni ssi on
capabilities to performformation flight, 20 rendezvous, and air

re-fueling. An Bomplerhentaguaygieahas tianeiiess bEWSen ao TOAS @fippdl BREH4f
different environnent nodes, froma regulated air traffic managenent (ATM

ai rspace to 2 t ard émsrediby aspmegticofodtainblict bah@uaQhteRtioREk i I Sthedli I SPace
havi ng both ATM operational and tactical operational attributes. 80CT

2003 -5 The ATMairgdikirobgh ié Nod8RS Yraf¥hcHieRlarldRodiGh TéaUnct i ons, wihi ch
However, the TCAS 1l (or other TCAS units) originally was not
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. Atthe same time, the system must effectively detect and

avoid midair collision situation.

15 . 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 évoidance 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.



provide traffic advisory (TA) and resolution advisory (RA) capabilities for
an aircraft to handle collision avoidance situation in the ATC airspace or
environnment. The ATM nodule is based on the |atest TCAS || system]%rm 2003
equi val ent which currently conplies wth the Federal Aviation

Adm ni stration (FAA) Technical Standard Order (TSO - Cl19a. The ATM nodul e
Is easily upgradeable to incorporate any new requirenment changes in order
to be conpliant with future ATMrequirenents. To mnimze the certification
process for commercial TCAS related functions and to address specifically
the operational capabilities of aircrakf+ such as those used by the
mlitary aircraft, all of the m ssionized capabilities required to operate
in a tactical environment are allocated to the Tactical nodule. The

For 1 ow ng i StieanTaf Mokl 6N bR elelio cba U PIDEIR, PHBH i ng

and interference, and mnim zed detection beyond a short distance (e.g., 10
m | es oPT\Wde fraffimadyporvelyh) fansciesslitisn advisorydnit sapabibiirs Wrian aiw!ai i de
tactical traffic alerts, tactical collision avoidance resolutions, display
and conhaollegenltision @voleswepmituetionimgtie ATSsaimpacemalkinvirbnaensuThe &M
formation flight, rendezvous, and air refueling in a highly dynamc

envi r onprstule % Ba&¥d Bn zﬁg%teéLl dI:)n(s |B§§E | iEéﬁb%ﬂEhTﬁxﬁrQﬁ@\r@'CﬁN@ﬁieé The

acconpanying figures further illustrate the present 1nvention

{ o9t ety b AU AEARELSH AT BNRRTERR) HAEhRLP Sl M R et o
avor danCd 125 Bk ATH madkle f @Ay BodisTapie B AMICoINo G 28y SPN GRITEMEN:
m ssi on equi pnent on board an
changes in order to be compliant with future ATM requirements.
To minimize the certification process for commercial TCAS related 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 modaule to provide the following mission attributes: quick-
time response, resistant to 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 suppeort unigue mission capabilities such as formation

flight, rendezvous, and air refueling in a highly dynamic environment.



aircraft in accordance with the present invention. FIG 3 is a block
diagram of the air traffic advisory, collision avoidance resolution, and
proximty mssion flight capabilities of the MCAS in accordance 15}8\/\Mtrhznhj1e
present invention. FIG 4 is a block diagramof a mdair collision

avoi dance system (MCAS) in accordance with one specific illustrative
enbodi nent showi ng nodul ar partition between the ATM nodul e and the
Tactical nodule, internal and external d&ta comuni cation, and the
functional structure of the MCAS in 20 accordance with the present
invention. FIG 5 is a logic flow diagramoutlining the node setting at

initial system power- an = hree system
nodes 0 8 OCT 2003 WO gg/ 65%%@%6@8@@@&%?%&@& cal, or m xed)
of operation of the MCAS systemin accordance with the present invention.
FIG 6 is>a node transition di agram of the nodes (ATM tactical, or m xed)
of operation of the MCAS systemin accordance with the present 5

invention. FIG 7 Tise achbmpknyinggicumesdbittien iigstuserthenpreséacipsemivh kagt i cal
conmruni cation protocols in accordance with the present invention. FIG 8 is

a | ogic flow igamicrmyiftihé Heigidd fekdH iHH'gdf Hea%eh{iér“r‘, &é’b%e{oa{e&&@ig piPcess

and bl endi ng sénsor data process in accordance. wth the presen

an oxempi ary TTIREE e et TINGRRR ch"at 1 chst two Mircrart are o

operating in FIG.1isa block'diagrarn of a conventional TCAS.

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

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

15  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
modular partition between the ATM module and the Tactical module, internal
and external data communication, and the functional structure of the MCAS in

20  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



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 conmands in
accordance with the present invention. FIG 11 is vertical scanningpmtpﬁmne
(el evation versus) of an exenplary geographical area illustrating the

flightpath re; Lng process in accordance wth the pres | I on.
" Qb Folubanen)

20 FIG 12 isa logic flow diagramoutlining a formation fl 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 ren and_alt | f wed by mdair .

col 1151 on oyst ertr b 4Gk 0Pt o Bosi3an B BETREASHERE e HeobBDitasara
PCT/ US00/ 09517 i ordance with the present invention. FIG 14 is a

bl ock di agram outﬁ? Pﬂels%éﬁﬁﬁ%ﬁﬁé'di o Fr equencr:)y (RF) transm ssion power for
the proximty flight dssi.on of formation flight and air refueling in
accoP-dance with the ;'):F%'sgrﬁ 3 Medh Fpsition §|a@rag”15%ft € modes; phEM. itagtigal yor

frame illustrati nﬁ an information presentation of tactical aircraft being
conpl enent ary wiPKENTRE 2P#i@Hign 1ofi thea MCAT ysisae It rAcgerianganvith the rpresent
present invention. FIG 15b is a display imagery frane ill.ustrating a

correl at ed t Paf fin¥entigNspl ay while separating in a mixed node in accordance

with the present 10 invention. FIG 15c is a display imgery franme

i [lustrating infor maffilen 7 is a block diagram outlining user interfaces and tactical
communication protocols in accordance with the present invention.

FIG. 8 is a logic flow diagram outlining the intruder track file correiation
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 midatir collision system to provide air-refueling commands



presentation for a formation flight w ngman while operating in a tactical
node in accordance with the present invention. 15 V. DETAI LED DESCRI PTI ON
OF THE | NVENTI ON Referring to FIG 2, there is shown a nodul ariﬁﬁg][: 7
structure diagramof the mdair collision and avoi dance system LI U)[Hg
wWith other aircraft system Typically, a mlitary aircraft contains a
nunber of avioni cs system connected 20 to sone kind of avionics bus 19 and
nmi ssi on equi PiEIN®5¥3nnected to sonme kind of, ni ssion bus 21PCWYS0RBFEUNct i on

with the mdair collision avoi dance systemg( MCAS) 18, FIG 2 shows a MCAS

control panel 30, a node S/IFF (identification of friend or foe)
transponder system 32, digitized tactical data |ink system 34, airborne
radar system 36,'"&9&9%"0&%8@9Hiﬁﬁ“t('mu}m@?, 0 B OCT 2003 WO 00/ 65373 9
station keepi ng equi pnent SS_KE) 37, data transfer system (DTS) 38 which
provi des a digital téilfGai Adeiserablask diagsmseutiniayithat Radios Fetqeendp (RF)
conprised of an inertial navigation subsystem (INS), a global position
subsyst em ( GPS) , tranginisgips pawerdot thavpraxiaity Gightmissiem d¢fl fQShaticd, flightsdgir
systens 44 (e.g., 5 VSUTRA, EFIS, MFD, a head up display (HUD)), and a
f1ight gui dance refuglinglin asgsidancel @ith\Whe lpeesenemeerstiont ens are exenpl ary of
those attached to a typical avionics bus 19 and mssion bus 21, it wll be

under stood tlsat numerfiGs dbheis aSydisplay ierayebe faimte tiRiLGBhEY aRr RfsRENRAt ed.
Avionics bus 19 allows all of the avionics on the bus to share information

and communi cat e wiekbntatien aTQa&REl alkbrall BSh@ &ohfuien%%téﬂ WattSARM! aifdraft 5 a
m ssi on equi pment on the bus to share information and conmuni cate vmtiq

anot her. A typi cmwﬂ%aa@hrea@éorayﬁdwvﬁﬂhel&eeyﬁ ilvenBBn AR NC bus used in
e

one

commercial or nodified comercial of
FIG. 15b is a display imagery frame llustrating a correlated traffic

display while separating in a mixed mode in accordance with the present

10 invention.
FIG. 15¢ 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 (COU) 37,



shell (COTS) applications. A typical exanple of a mssion bus 21 is a ML-
STD-1 553 bus used in mlitary applications. 15 Mdair collision avoi dance
system 18 provides conventional traffic advisories, collision avoi dance
resol utions when the aircraft operates in an air traffic control @'ﬁﬁ) 003
environment (ATM node). In the m xed node, MCAS 18 provides displ rZ
tactical advisories, cautions, and warning situations and responsive
control gui da¥Re/E¥H3Inatch with a fast operational tenpo an8CTHEIRWSHFynam cs
of the environnent. In the tactical node, MCAS 18 provi des uni que m ssion
capabilities to allowa mlitary aircraft to performformation flight
followi ng, to rendezvous with other aircraft, and to dock with a tanker for
air- refueling afatiofbeepipglaquipreentyiSKE) B7h datactrarsfenaystem | (P16 o3&l iwhiete d
aircraft. The systems two functional nodules, ATM 20 and Tactical nodule
22 shown in 0 8 movides@digialderaip TievatoTdaisbasd) JEvigatian systetn 49, cgrepfisedn
speci fic MCAS functions based on system node in operation and which is

det erm ned by a dfetn iokrt@hnawgatiorssubraybiedi (S meglalval poaition subsystemd@PS),
digital data link capability, preset and manual input data, and MCAS node
sel ection. 5 Whean tiftegaited raaiimirsicagrer systerg {I0Spa2ADidpiayd eystemsc44Tid.g.,
environnent), then MCAS 18 is an onboard advisory system designed to act

as a backup ts0 tWSI/BRA, EFES, NED CoRea® Up UABRY (HAIDY, a0 G flifie guiRecansbringdi d"
principle. The system has a surveillance envel ope defined by a horizontal

radi us of approxiyepdRlas 4ohiRAHELS 8l stBink Be BREMABNUGH thidd Rthcheh ith Plypicive.

10 The system continually surveys the airspace around the aircraft, seeking

replies from ot hefo gl 6484b aAEmiEBADREBYSE Ril bE EndeFRXb P fidt RunlrdTa8e?

systems can be and typically are connected. Avionics bus 19 allows all of the
avionics on the bus fo share information and communicate with one another.

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) envircnment (ATM mode). In the mixed mode, MCAS 18
provides display for tactical advisories, cautions, and waming 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 mititary 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



the replies of the transponder 32. Currently, flight paths are predicted

based on their tracks. Flight paths predicted to penetrate a potenti al

collision airspace surrounding the MCAS 18 aircraft are annunci ated by

MCAS. The 15 ATM nodul e 20 generates two types of annunciations: {Frigf A

Advi sory (TA) and Resolution Advisory (RA). Wien the aircraft is operating

in a tactical S 18 activates the functions enbedded in the
PS5y

Tactical nodu i dentify coordinated ,tactical aircraffCI/yRM¥5He
di splay and voice indicative of tactical advisory, 20 caution, warning, and
generate control and gui dance conmands for the flight guidance system 46.

An aircraft is defin coardin aircraft if it is a formation

| eader, fornati o?‘%h%—%%ﬁ?&%r%pe&ﬁcyééﬁ&'é’?‘?t’o'f‘ﬁ a3ed 08y $¥sten yRedein pPe@Eeses
pi |l ot commands and achwlat es dedicated processes in the tactical nodule 22
to acconmodat e u"JulNIFsS GRIEQEINSG byt R esetneb Ratampters inclusking toperatier
2003 WO 00/ 65373 PCTJUS00109517 for exanple, in a formation flight or an
air re-fueling. EYPHRNtcdisdal datadivkcapgbilitpmieset anthphranual sreutcdataybedt
of functions depending on the role of the aircraft in a formation flight
or an air re-fuelMGAY Madesselgetiothe aircraft can be either a formation

| eader, a formation sub-|eader, a wingman, a tanker, or an 5 air
re-fueller. Wien the Wheor dhe Baiscrafieisatopegating anniaredATidangdd Mmird ATM
tactical), MCAS 18 is not only an onboard advi sory system but also a

m ssion control eguiratamend), dneh MCAS a8 is patonboatd adViSos syefeth (deQ@RFeAl B8SadtN a
m xed node, the MCAS 18 will have to process collision avoi dance sol utions

(CAS) in parall elasl®d batkdp tcaed ainltra#f LbAtEEIYATEY GalNBAINAShEl Skbi S S%oid”
intruder air traffic tracking to different nodules in order to generate
appropriate TAs pdfcies The syatehi Rad a surveillance envelope defined by a horizontal
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 commanc!s 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 accommadate unique mission capabilities needed by an aircraft



coordi nated tactical, unknown, and non-tactical aircraft. If an intruder
aircraft is a comercial aircraft, then the ATM nodule 20 will provide TAs
and RAs according to the Air Traffic Managenent (ATM rul es. Conversely,
if an 15 intruder aircraft is any tactical aircraft type, then (tgglitamgsical
module 22 will use a tactical nodel (e.g., FIG 9) with specific timng
constraints to produce advisories, cautions, warning displays, audio tones
and voi ce, anWOt®¥éBibcess applicable control and avoi dancePQuisewoss:?
control laws for commands. The audio tone WMI| be nodulated with varied
frequency to indicate the dangerous 20 | evels of proximty range and
closure rate vm'tr} an intruder aircraft. Voice nessages are also provided
to request i nedi’@t@xanpiecing ormatien fight oramsais weclveling Egth MediChtedBpOcesd”
" DESCEND- DESCEND- DESCEND" , "I NCREASE CLIMB", "TURN LEFT", "ROLL OUT',

' TURN RI GHT' , " RIPBUCAMBRESEENTIe RN STE UDESCHNTNGtions dlepehding \ooi the rahs pages t o
respond to the current air 0 8 OCT 2003 WD 00/ 65373 PCT/US00/ 09517 12
traffic and col | iaiceaft & a dermation fiighd or act dic ed-fustidy Inds9én.alThe Siadthft Was Beadi 0
frequency (RF) transm ssion power |evel, manages the frequency of data

transni ssi on, ancithenadsmatmnsishdari aroseation subdegtier, & WHFRAN AL fanikdARA UE
radi os) in a standby node based on the system node, the aircraft's role in

a 5 m ssion, and difve-faelledt ' s manual sel ection. Referring to FIG 3, there
I's shown various types of intruder equipnent and the resulting advisories.

Wth respect to the aihdPlnel Sifcpatt B\dplerdngtn a?@%bhégﬁhﬂ &d Gkl

equi pped with MCAS as shown in blocks 45 and 46 have xtensi ve tra?'fic

S o) £ P MRS PSPRYYBRaARAR ] e Al LSBT T
guidance and display system. If the aircraft operates in a mixed mode, the
MCAS 18 will have to process coliision aveidance solutions (CAS) in paraliel

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 frequéncy 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



solutions and resolutions 47. For exanple, the MCAS positioned as the

w ngman aircraft of a formation flight or in the refueller aircraft in an
air re- fuelling mssion will generate relative position deviati Oﬂ‘%ﬁW@ﬂ[}?“
velocity deviation cues for display systens 44 and control coman he
flight 15 guidance system46 in FIG 2. The MCAS 18 responds with various
CAS capabilities depending on the capability of intruder aircraft 49a-d.

I't shoul d be WR8YEY3t hat Mbde A onl y equi pqu intruders 48 BrPPSPENt 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 I|i .erri.ng.to El 4.  there, i hown a nore detail ed
bl ock di agram oftpﬁ%ggﬁggé S'F'%"IQTG%%GH@&EW 'HBGH‘PeﬁcﬁﬁS? ﬁ%"tméacﬁg cont ai ns
a nunber of conponents ch of which provides a specific capahility.

Wi | e each of tﬁ%"é’&“%%@ﬁ@‘.‘ﬁg"%@‘ BRY rc'sv@dﬂ?%W??m%treqqu|qfdaéa
recogni zed that, in each nodule, they continue to communicate with one
anot her and shar'&nsAUsCRE and-planssdrafsmissiensowceke:s. \Esmspoodary VHEZUHF
information at all tinmes. Communi cation between the MCAS and Avionics and
M ssi on equi pnrenfddigsbiiar atanply micde based pg the sygemeaodertbegtircrafts rae imad

avi oni cs dual bus input/output process 55. This process transmts,
receives, and dinissionbandthepioss mangakselection.t o t he two internal data bus,
ATM data bus 5 71 and tactical data bus 61. For the ATM based nodul e 20,
the comunication arRefeuing taRlG.63 therevis showh Yadoup types tof irtaides eqbipnsantd
through ATM data bus 71, a bus internal to this nodule 20. For the tacti cal
based nodul e 22, atdihecesating advisoviesaWiitidAispeshiar the dirjoliResh dvdidarfgponent s

i's established through tactical data bus 61,- a bus internal to this
capabilities, aircraft equipped with MCAS as shown in blocks 45 and 46 have
extensive traffic advisory and air collision avoidance capabilities, that include

10 ATM TAs and RAs, tactical caution/advisory/warning, and tactical avoidance
solutions and resolutions 47. For example, 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 dispiay 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



10 nodul e 22. Comruni cati on and data passing between the two MCAS nodul es
20 and 22 are acconplished through ATM Tactical intra- communication bus
59. The real tinme data shared between the two nodules 20 and 22 rﬁ‘ET 2mﬁly
i ncl udes MCAS system node, user-input data and selection, but ano
intruder track file data being processed, correlated, and 15 nmaintained in
each nodul e. The shared intruder track file is used to resolve an

ambi gui ti es woopesrs of identifying an intruder aircraft aé’CtT&@P‘?’Q:‘%/ T
coordi nated tactical, non-tactical (equi ppéél wi th comrercial TCAS) or
unknown aircraft (detected by airborne radar system and by bei ng not
correlated in current track files). 20 Included within the ATM nodule 20 is
ATM node cont r olinfoamatiperasall tings,  QerPmunigatioo hetweemihei MBAS/ang Aienigs ocess
70, anmbiguity data correlation process 73, ATM based resol uti on advi sory
(RA) process 72,andMishias eduipment bhboantMhe@irgraftlis pepfooned thraugh anissian and ay
driver 76. ATM node control nanagenent process 78 coordinates data 0 B OCT
2003 WO 0016537 JvidaidsW4Wr@0b09® mbat/odtput peotess 561 Thisapracescieansmits, vedeliveshe
node STIFF transponder 32, conputations necessary to determne traffic

alerts and air cplddigtibited MCAS Relateodataltd tfstwo intérmal-datalbLie, ATdard bad | on,
and track file correlations. Anbiguity data correlation process 73 conpares

the fol l owing 5 PRdRMBEAEH dafti B 6. IFdrdREITM BasédmotiLie)20, thesi on
identification (MD), aircraft flight nunber, aircraft type, and aircraft

position or rel acfgméﬁurmeﬂi&d&méé{@a%haré‘oebem&é%ariﬂsr&m;ﬁa@ner@%gwbﬂsreéditude)
C recor

contained in ea of the intruder track file provided by IFF

transponder wit I\h]&:ﬁh AR aEesL LY tBud MtdinaPl tARIHLE:I€20. For the tactical

based module 22, the communication and data shared between its
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-tactica! (equipped with commercia! 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



This process identifies and tags intruder aircraft as a tactical aircraft
if there 10 is a match of at |least two or nore correl ated paraneters
listed above. Resulting fromthe ambiguity data correlation procepp)3;055 he
ATM nodul e 20 processes ATM TAs and RAs for all aircraft that have not
been tagged as tactical in the mxed node. In the ATM node, the

I nformati on ical aircraft is processed for TAs an&%&@%’ i ke
any non-tact ﬁ%% ’éﬂ%ﬁraft, and 15 presented;as a nodified f 0)0%1]5?1%1 col or
i ntruder synbol being overlaid the on traffic situation awareness displ ay.
ATM based traffic advisory process 74 determnes traffic advisories to

i'sual - acquel t arearing BRI WRnThe RdASPR daBSotRld 5 CtarhBeitnn "
(ThS) “or reosol ut 1SR “@&*Qﬂmﬂ%ﬂ%@%‘:&sﬁ”eﬂ %E%ﬁéﬁﬁa%?fe%ﬁ%w@%? ti cal
Vode A Node G, IHE %%a@%%%éﬁe'g% GRRBIA SHP  r et ol roraft,
e e e b Beveld Mpeesga Saum s beodarers e

/09517 15 of advisories are praovided: 1) traffic advisories indicating
range, bearimy, BﬁFfm?téﬁsa?!Wé‘ﬂdﬁ?“t!fl‘faﬂo%{mﬂ Heisgigp ideatification AMEP); aireraBual
acquisition of the intruder; and 2) resolution advisories indicating what
vertical maneuveflightadgbe ﬂﬁéfﬁjbtw@r ardjaiserati positioni of nelative osition (listanee saf e
separation. 5 ATM based MCAS functions wi |l generate both RAs and TAs when
the transponder besring apdduesswpaltiudelcontdined inceach pasord Df the\mtawder dack
correspond to predefined tinme-based protection zones around the aircraft.
The airspace file provided by IFF transponder with that provided by the Tactical module 22.
This process identifies 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 overlaid 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 advisaries to the flight crew to assure verticat separation. Two levels



around the MCAS aircraft, where a RA is annunciated, represents the warning
area; while the larger airspace, which results in a TA being 10 annunci at ed
represents the caution area. The warning area is an airspace around the
host aircraft with 20 to 35 seconds closure tine to collision. ThECT édti on
area is an air space extended fromthe warning area by an additional 20 to
48 seconds. A} I n resolution advisory process 72 determ nes

resol ution for Mo?gégjijr col l'ision conditions;dn advising thePcF'i‘"'r'Sd’ﬂ’Pgsé? ew of
a vertical maneuver to take or avoid. In conjunction with pilot selection,
the traffic information, traffic alerts, and air collision avoi dance

5ol 1 . 0 sPLAin rd 09085 il S Bl IS ol A58l k2111 ©

situations and overlaid advisory ness

temnode is s i r i,cal npde.or, a m xed de, - then MCAS
;S))éfforms nmany pr%%i%e@t'%ﬁggé@e%%?@dﬁﬁg a@'@t"i’%‘ﬁ‘ AGRYAMo8 of She igyder @sg

processes are de | rein. | nr%%ged i thin the Tactical based MCAS
functi ons' nodul gf'%fggﬁgn%dgisoﬁ' ”Wweb‘feé@g‘a“%ﬁr%% tmba7 16 MCAS
control managene 8'? TM %act i.cal data interface 52, tactical
communi cation pr g%rcf)ogr g ghav nn?rggrﬁBﬁséWB sgetera@stianpr ocess 53,
Intruder track file c)gﬁ_ el ati gﬁo@ess 54, bl endi ng sensor data process
56, display Uriver f ?&dg{gc Retags will generatgothvRAs agd J As)eB the
tactical 5 traffjc alerts process 60, tactical collision avoidance
resol ution proce¥ansppnderf i igdods, Srapegtion athe ortypemef aguisdres copesmess 62,
rendezvous and air- . )
to predefined time-based protection zones around the aircraft. The airspace
around the MCAS aircraft, where a RA is annunciated, represents the
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



refueling advi sory and gui dance process 64, RF power transm ssion
managenent 66, and MCAS voi ce and tone generation process 67. MCAS control
and managenent process 50 eval uates input data and 10 pilot sel @Em%ﬂ
fromcontrol display unit (CDU), data transfer system (DTS), an

control panel, along with the operational status of the various data 1|ink
systens on bQﬂ:{ It?_,e aircraft to determne the active systemnode. One of
the three nai 3t8m nodes, ATM node 126 ig. 5) and 170 PFEI"E’."”’%S)SV

Tactical node 124 (Fig. 5) and 160 (Fig. 6), and M xed node 128 (Fig. 5)
and 15 170 (Fig. 6), will be set active as shown in FIG 5 and FIG 6. ATM

d tactical datg.iat 52 (Fig, .4 i des handshakes with the |FF
T ansponder and MGAS R0V BRaRas eyt 58, A TR SRRl Sar A PoR Sofoctical

transmtting and recei.vin% t he shgre ta, between two nodul es. Tacti cal
communi cati on profURYHAIeY Araoes!y ad Rission anghusersiata pracepsBds di git al
communi cation data, specifically, dynam c CAS related data, received by

the physical | i iRtrydg;dack flegorre oreess 64/ bieadingtseasendata preerss)SS.
connected with digitized tactical data |link system 34. The process 51
col l ects and fordigRiay Wivasfrstiwlayusfasgs koo s NVS. DR ard HYD)68, thalicali zed

tactical data link for selectively broadcasting to other aircraft. In
conj unction 0 8 tEffit detspicesnhi®3adizal pUlivcDWIdande fesollifonipricddsd8, S dat a
link, the digitized tactical data link 34 will not only be used to broaden
t he recepti on bdnomatdnHight advieeryMBdYuidd et erockss 2, benderdveos apd @it de a
reliable backup data link source, particularly, in a tactical environnent
t hat possi bly i mefustiesadivisary agd gonidianes prockss 64 cRE oW trabsimidstdrf er ence.
Mlitary digitized tactical data |ink capability for exanple, can be
management 66, and MCAS voice and tone generation process 67.
MCAS contro! and management process 50 evaluates input data and
10  pilot selections from control display unit (CDU), data transfer systern (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 1/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.q.; 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



an inportant nediumto pipe in mssion and navigation data from ot her
mlitary aircraft, ships, and ground vehicles. Many inportant features
provided by direct data |ink include secure data, robustness 'WBU jof
transmtting and requesting to retransmt, built-in error correction, and
data conpression 10 from any of the used conmmunication protocols. These

I ncl ude JPEG or-any selected tri-service comunication protocol. The
frequency of WOOSEHi t data |ink can be dsfaulted to a medPGH$09{085i7 6
Hertz) for the sole purpose of tactical di 1 si on avoi dance, and can be

i ncreased to a higher rate (25 Fbrtz) i n order to acconnDdate a tight
formation flight and air-refueling operatlo S. I nstance, in a

formation fli ghwithMade S dptadigkthe digitizad tlaﬁgcql é’éH’e\mka:H wHl3at oyl e yeed

scheduled to transmt at a rate of 25 Hert i mum power |evel to

mi ni mi ze |ong rémefeaden B'@t"P@?Ptloﬂfbaé‘dmcﬁhtf‘éfrthﬁlM@?@fr?'at?ﬁefi@@e@ﬂ@dSCa tactical
speed or in a dynam c nmaneuvering environnent, then the data link wll

al so need to berwsieraeligblatbagkun dalarink sosrcer-gartisulagide Ategticati ssi on, when
two aircraft are 20 still far apart, the transm ssion can be set at a | ow
rate, e.g., frosmlirctrm@tHmpmssiblvﬁm!mtmb‘ejammihg sndtratioffreqaentyytitdt) rate as
the tanker is approaching the rendezvous |location. A tactical data |ink
packet woul d5i néiterterende. ddifitaryrdigitizetl tagticalrdaita fitkacapeabdith fos texampé, b Heut not
limted to aircraft position, source of 08 OCT 1003 WD 00/ 65373

PCT/ US00/ 09517 ah3mpéitar@aiedaim t6lpipern missibgand eavigation daa frerd@therpr essur e
altitude, radar altitude, velocity vector, acceleration vector, flight

phase/ maneuver i wnta@eéimehﬁyeéﬁcsgroﬁﬁawéalme%nm:ﬁwluﬂpﬂﬂmﬁeﬂt@re gbvideat 1 ol
gui dance target settings. Generally, all data is tine tagged with a precise
universal tine py djrect data link include secure data, robustness in terms of transmitting
and requesting to retransmit, built-in error correction, and data compression
10  from any of the used communication protocols. These include JPEG or.any
selected tri-service communication protécol. The frequency of transmit data
link can be defauited 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 wiil 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 Herz.
The rate will switch to a higher rate as the tanker is approaching the
rendezvous location.

A tactical data link packet would include of data regarding

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



5 provided by the G obal Position System (GPS) segnment. Although sone of
the navigation dynamc data wll be overlapped with the data obtained from
extended | FF Made S transponder, the data provided by the tactical data
link 34 serves as conplenmentary and backup unit in the conputat08ri§T 2003
required for tactical collision avoidance solutions. 10 MCAS m ssion and
user data process 53 pilot input data to the MCAS 18 can be entered into
the MCAS 18 t¥P8UER ™V ari ous neans that include MCAS cont r oPCHER®I09T0,
control display unit 37, and data transfer §§stem 38. The utility of the

I nput data is to indicate node selections to the system activate specific
m ssion capabilities, signal formation flight events, and report 15 the
progressi ve st agB2Ygation,datugy, navigationaesutasydodex arassuteralituderfradamt i on  to
determ ne system npde. The input data to MCAS 1S can include, but not be
linited to: ~ sePBi{dey vElasityveelaalaceslgeationyptorTlightipbabe/mancWerrdg  ~
formation flight node 20 ™ aircraft role in a formation flight - | eader,
sub-| eader, or wFP@jRNEe eymnts, fcoptiohand gwdancd modeandi cvatrol @idhrcatthigedi nal
of fsets rendezvous node ~ aircraft role in a rendezvous/air-refueling -
tanker or a re- $ehgerGengalyEN 2008 ik Gy ¢eidHith 4 PrecRe UnSR 9217

rendezvous position and tinme ™ transitional event fromrendezvous to
air-refuelingd provided by the Global Position System (GPS) segment. Although some of
the navigation dynamic data will be overlapped with the data obtained from
extended |IFF Mode S transponder, the data provided by the tactical data link
34 serves as complementary and backup unit in the computations required for
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 controt 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



arm and di sengage air refueling own aircraft identification (ID) 5 *
I dentification of other interested aircraft m ssion identification (M D)
aircraft data - latitude, longitude, altitude, airspeed for test node *
di spl ay scales for 10, 20, 30, 60, 90-second radius Intruder traclk 8flCTe00
correlation process 54 perforns tenporal intruder 10 data based on tine
tagged with reci uni versal time provided by the d obal Position

ot “WRgHERS ;

Syst em ( GPS) to provide a currency gf i ntruder tracRCT/PPQPOAISITL | s
i mportant to note that since CAS data cones’from many different sources
(Mbde SNIFF, digitized tactical data link, airborne radar, and etc.), it is
necessary that this data be correlated in ternms of mssion ID aircraft ID,
or 15 flight nunmber. This'idePde2YRUSPESEiARANE @edat a coning from the sanme
aircraft wll be blended in the block 56 and used in processing collision
avoi dance sol uti ons 58 ahd tEGmsitiogahenansfom regdrzvesnta ait-refwslingui dance 62,
air-refueling control guidance 64, and MCAS display drivers 68. Bl ending
sensor data process 56 usts amoanddisengagerair fefueliegi ng 20 technique with
sone average weighting factors to conbine the conputed bearing and

di stance fromthe Mde @i Bircraftdderdifigatiare@) t acti cal data link with the
raw beari ng and di stance provided by the airborne radar 36 and station
keepi ng equi prent 37s Tderstificafion ghdthenintsteste@dirkraftgener ati ng di spl ay i mages
for traffic situation and selection of intruders in range for display. 0 8

OCT 1003 WO 00165373.P%{sgﬁﬁﬁﬁ&&mgﬁo@mfﬂje di splay driver (e.g., NVS, MWD,
and HUD) 68 provides video,

= 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 §6 and used in processing coliision avoidance
solutions 58 and 60, formation flight control and guidance 62, air-refueling
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.



digital data, and digital inmage data to drive night vision system (NVS),
multi- function display (MD), and heads-up display (HUD) systemwhile the
display driver 76 in the ATM nodul e 20 has the capability to drive a
comercial 5 vertical speed indicator and traffic-resolution advi 88d§T 2003
(VSI/TRA) color display wunit and electronic flight instrunent system
(EFI'S). Tactical traffic alerts process 60 uses the tactical Tré})osg@bgsgefl ned

in FIG 9 t¥WW%fine if an intruder aipgraft is in an advi aut i on,
or warning situation and generate approprriate display nmessages, synbols,
and audio to 10 warn of the level of danger detected in an air proximty

situation. Tactical..collision avoid resol ut i cess, 58 eval uates
the procedure that ‘5hq18§[)|sa§idm?ra(]etg..ﬂ\ér\gg,tM&@O??%mﬁ)péqggroivmeﬁyﬁ?o.ai rcraft
is in caution ajr space and about t enetrate the warning (collisjon) air
space. The profiga!l tas%ﬂé@%"ﬁ?d“@%@?t it%d%@@@é*"§'°&rﬁ¥s?§3{®}/gbﬁa“*‘ri ght
path re 15 planning will be a function of aircraft dynam cs and the flight
path char act er fuiqtier displaydMFD): anstfeqadsryncdisplay 4Dy Bystgaswhilg the diFplays
shown in FIG 10 and FIG 11. Formation flight advisory and gui dance
process 62 cont dnveiid ip the siplmedule 28 hasdhe eapaRitty i Arive diconyRetdidled on t he
current position of the 20 formation |eader and the offset values. The
process 62 then vedicplspesdtindicatar anditraffievésatution advisegi (\BIFTRAMA) aaor display,
vertical deviation, relative velocity, and relative acceleration. These
par anmet ers ar e iunjiendtetedrdosicfflighd fristrgmedasystemdBhtS)ol | aws to generate roll
commands, vertical speed commands, and thrust conmands that are used to
drive flight directoTactivastrafiic alertsprecass 6D ek lthe tactiof maddl 2Gi6dd\WOFIG.
00165373 PCT/ USOQ 09517 21

9 to determine if an intruder aircraft is in an advisory, caution, or warning

situation and generate 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 com_putes 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



control system If the aircraft is a formation | eader or sub-|eader, then
any CAS advisories and resolutions that are currently active by direct
(l eader) or indirect (sub-leader) generation are nade available to the
wi ngmen, along with maneuvering events such as start-clinb, starl 8 8(ds
roll-in, roll-out, 5 Ievel-out, and etc. The process 62 determ nes all the

maneuver eves%g 6375 aircraft is a leader in aformationflight.
Rendezvous and %37 ef uel | ng advisory andzgui dance process PEI/US %%Ut es the
di stance and estimated arrival tinme at a rendezvous position. This

I nformation is mai nt ai ned and conpl errent ed with the contact data (data 10

The. airoraft sgUTBhPRPRL et B loneud BRupED: sub-Gadhr than any -

air-refuelin becones  act the rocess 64 perforns simlar
conput at | onsgageﬁg %”588%%3”%2939&“‘88? hat are clﬁ[ﬁrﬂh’rﬂfé'vﬁémﬁﬂg(l%@%@fm ain

air re-fueling and rel ative docking, position and generate advisories if
any devi ations @QE%&S%'GPH?@%B‘P@@" Rf= Fade pvalirPle faiieivisgmen. aenggenent
66 provides a capab| lity to nmanage transm ssion power |evels of RF
radi ating sour c¥Sh AIRAEHYRINGVRAEAUSH iagslarkelimb ostadlaspardtrobiferali-buy in a
particular RF spectrum Referring again to FIG 2, equipnent in this group
i ncl udes a Mbdele®elrqut, #Q etealbp oratess 62 detgmingsell thedaanaerer sventsohthigeepi ng
System (SKE) 36, and any tactical radios that m ght be used to support the
digitized tacti siadraf &t aleladekin a¥ormatiom fHightt em nonitors pil ot selection to
control power setting levels for the equipnent, and periodically schedul es
for transmtting datRemezvewearesair-rafeelingsddvispry and igualahoe psodess®at a, or
just broadcasting. If the pilot selects to 0 8 OCT 2003 WD 00/ 65373
PCTf USOQ' 09517 computes the distance and estimated arrival time at a rendezvous position.
This information 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



22 operate in a silent node, then the systemw Il inhibit all transm ssion
activities, but will continue to operate in a passive node by purely
receiving data from the |IFF extended Mbde S and digitized tacticaJu @gau
link 34 to provide CAS solutions. 5 MCAS voice and tone generation @ cég%
67 is based on priority setting for caution, advisory, and warning events

to generate 2@55‘1’&5"5 tone and voice nessages associated w tph_-r;l}g&,,@gﬁnt.
al'so e

The process nonitors the renoval @b events or acknow edgnent from
the flight crewin order to distinguish tone and voice generation. 10
Referring to FIG 5, there is shown a logic flowin determning the active

nmode for the MCASedffe iri"{[a“isﬁ t o theh Thslsydte NP ihH dI0tansREGEE TEVitie0-

After system power-up, the first functions initiated are system

a0 B R A A ol B 55,

schedul i ng, the rst chec oW I'S ower

then the 1 ogi o R aRPaNch MBS Yiiaad sablie! i sasp o BiR BAR S

the next test is erformed at step 102 to determne if this is very first
tinme this |ogi csﬁlé'@oﬁﬁen eval uated since the PBIT is conplete. To
determne if one of e lhree system nodes (ATM tactical, or mxed) can
be set to acfive, th VeI ‘éigﬁé‘eﬁﬂo&ﬂ{a?e%l%'ﬁé@ﬁ?‘? gn PRREYR| T
results from ot her equi pment such as IFF NMode S transponder and digitized
tacti cal data | isgitingtossagionpadvipery)epnd waking fyegts tpiogeaerate speRific t9nest ep
105, then the | FF Mbde S transponder BIT results is evaluated at step 106.
If there is no @ndivoicg Measadaseasseciated witl thgverd. The pipspamBE Alsormenitnfst em

then tests for any critical failure in the digitized 0 8 OCT 2003
the removal of events or acknowiedgment 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. [f 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, tacticat, 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. {f MCAS has
no critical failure at step 105, then the IFF Made 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



WO 00/ 65373 PCT/USOQ 09517 23 tactical data link in steps 122 and 108. If
there is no failure in either the 1FF node S transponder and digitized
tactical data link, then the m xed node is set to active at step 1&[,3. Bbi)
only the IFF node S transponder is healthy, then the ATM node i @i ?
active at step 126. If only digitized tactical data link is 5 active, then

tactical nod to active at step 124. After setting gRg bodsbe nodes
to active, N%Ré)%@gﬁ%rol and managenent 50 sgts start-up phasen%m ghal to a

true state at step 130. Wth this signal being set, in the next frame
time, the systemfollows the path to process node transition | ogi c defined

in step 120 | S d - .
start-up. [I}ﬁg{éjaggdlat(t:g gt‘@g E&r%)'dlﬁs) gdﬁ‘?{eﬁgggﬁglwn%% %ﬁ’er |n FI G
6. Referrlngto FIL.G ther h d|a rayi di ng
necessary |ogi PR famsaﬂeffeé CH81%E HoBhE L5 308 kB Q%Gﬁwﬁ &
system node- t he urr t he xed no e 1 t he
system eval uat%eétalqc V8§ E‘tzﬂp @d\mpﬁ@ﬂgedég N‘%H ape aﬁ»&t tﬁg | f
the 15 condltlons in block 152 are.nmet, the _system nakes a nsiti n.from
the M xed nodetezdTMdmpAg '%ﬁ%ﬁtﬂﬁ&fé"ﬂ?bﬁe& &n%‘@’ d‘?'f'z%@c&%ﬁ&?{ﬁ
bl ock 154 are net, then the systemw ||l make a transition fromthe M xed
mode 150 to 5 t hectivie themiackerianadiis et 1@ petiva,at dae 138oRNersetting enecel ths
node, then the systemw || evaluate |ogical conditions defined in bI ocks
162 and 164. |fmpdes2® adkivs tN6AS rontmickd renageeeref0 saie skt MNA§Res a
transition fromthe tactical node 160 to the ATM node 170. If the
condi tions in bsigodl tboattrae statget stapd©30. (With dyis signabbdieg sel, tvthadiext tamer om
tactical node 160 back to the M xed node 150. If the current node is the
ATM node 170, ttrap, tiee spstetneiviiowy dhe pothstol prgesd mode diansibors iaid defded in
bl ocks 172 and 174. If the conditions in

step 120 in order to evaluate system mode for subsequent to system start-up.

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
systemn will evaiuate 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 biock 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 170, then the system

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



0 8 OCT 2003 WO 00/65373 PCT/ US00/ 09517 24 block 172 are met, the system
makes a transition fromthe ATM node 170 to the tactical node 160. If the
conditions in block 174 are net, the system nakes a transition ﬁg(ﬁﬁm
node 170 back to the M xed node 150. Referring to FIG 7, there | a
bl ock diagramto further illustrate 5 the structure of MCAS m ssion and
user data prq&g?@ 53;} and tactical comunication protocols 51. In order for
the MCAS to opera®dwith a full capability, MCAS obtains aHfel’BsYMeH2es
data froma variety of external sources. thin the block 53, block 200
(process MCAS data fromdata transfer system requests and down | oads the

m ssion rel ated ) aircraft 1D,_mssion 1D, flight nunber,

i dentification 8@3?1#&%"%&@&8@% %ﬁ?‘%ﬂ" Maakes @ transitiondrars the moste KRt i ne,
relative positign offsefs for forpmation flight, and etc.). Subsequently,
if any of the | E%Fti&af m%{%e?éo'ﬂgieogeﬂd@%g\eelosy 174pargameadathe systeyn vi a
the control display unit (¢ 37,_the process 53 provides utility to
transnmittstore W%ye&é‘c'éa'b%t’é% AT trode 170 Dack o thedvixedimodes1$8.0cess 200

are MCAS preset data 240 for use by intruder track file correlation
process 54 and pl at f BefArANG 49 5I5.shdbereiis shiewm abieck dagnase thfurther dhastate
transmtter digitized tactical data |ink nessages 206. Referring to FIG 8,
there is shohn #e qjiuctureowf MCAS amissionshody usiee ddta aplocésd SJadrl tactical
correlation and the process of blending sensor data. The 20 present

i nvention provi demmunicatioaf plotabelr tlatn oref dor tid MOXER 30 &fpeeser &ithad full The
system provides logic to select the best possible sensor data for CAS

conput ati ons. Ticapaioility] dMEABaohtainat and rpeoedsbes tdat® drohcd ivasibtyDRS aekibiMal 34,
Ai rborne Radar 36, and Station Keeping Equi pnment (SKE) 36 is used to
sources. Within the block 53, block 200 (process MCAS data from data
transfer system) requests and down loads the mission related data (e.g.,
10 aircraft 1D, 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
manuai 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 ail modes of operation.
The system provides logic to select the best possible sensor data for CAS
computations. The compilementary 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



enhance the primary | FF Mode S/ Transponder 32 data, fill any data gaps, or
0 8 OCT 2a03 WO 00/ 65373 PCT/ US00/ 09517 25 serves as back-up. The conputed
range and bearing data fromthe digitized tactical data 34 is conbi ned
with that of the |FF "Diversity" transponder whenever the data i 48 0CT 2003
avai |l abl e and valid. The blended information is used to determne if
another aircraft is in the caution region, warning region, or about 5 to
penetrate theoowkdsrsi on region. To performthis process, tHeE§WOY obt ai ns
the information of its own aircraft preséﬁ& position and present altitude
in block 250. The information pertaining to the position and pressure
altitude of each intruder aircraft is provided by digitized tactical data
| i nk system i n seineeskas Bk-upT Hehessaseiigd rangedand: hraring frerothng digitizgatth
intruder aircraft is 10 processed in step 254. In block 256, range and
beari ng angl es thctival tata 34ois combinednithtthatedfabe (i tRiversin ranspooader ar e
conputed. If the transponder also provides data for a correlated aircraft
in step 258, t hemerdver fiesdataisusaiatie andvplicenEine blepdéd linfermatisrhisdised tpr ovi de
a better estimate of range and bearing values in step 260. O herw se, the
system checks tqutdghige Mdmdther airbraft ISinth@thgivorkegRing gatsing région sorcalraug| at ed
aircraft is available in step 262. If it is available, then the system

uses a conplsenagtamniehid thelcolBibh pehis® T6 PuiHeren Bits pRizebRhe sobtedh sbralee and
bearing fromthe two sources of input data in step 264. If data are not

avai l abl e from F I j i ' y n anot her
thg ‘?%Fﬂ%*fdéf ovﬁmmargﬁﬂegant%mdaoanoe&@samméme

test is perforne mne I f alrborne radar data 20 is available in

step 266. If aijl?lgglz i) dﬁ’{ﬁgto?rg%ﬁ&t%?@hﬁ#(%@l q&gioranr%QQJrebﬁﬁDH@%f

conputed from rized ta e correlated wth the
range and bearing daja,general € hrd¥add 5y Abii2od MettAdfia TN LM In sk 268.
252. The system ensures that each record of each intruder aircraft is
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 fo provide a better estimate of range and
bearing values in step 260. OthenNise, 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 fitter 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



If there is a match in the data correl ation process, then the systemuses a

conplenentary filter nethod to provide an estimate of range and bearing WO

00/ 65373 PCT/USOQ 09517 26 fromthe two sources of digitized tﬂ@i'@ﬁa@

data link and airborne radar in step 272. Referring to FIG 9, t i 403

shown a nulti-dimension tactical aircraft and collision nodel used to

eval uate ai rq,y(?,j;6539§oxi mty in terns of closure S range and closure rate to
[

deternmine relative time space separation. l,p the nixed modECTRBEGSIB uses
a different tinme-based di nension nodel than the ATM npde to track tacti cal
aircraft and determne air traffic and collision avoidance situations. The

tactical nmode hggnt  stinctd ve.. |.sory,,. .caytion, and warning air
spaces being equarrfyeﬁ?‘ggyroiﬁi)éu#eéfq{%t[?%yk@ﬁﬁ%r?é'r?sﬁ'ﬂh%‘l‘aqi'ﬁb%ﬁ%&daéﬁﬂs@%e to
i ncrease situat i295 awar eness and probability of avoiding air collision. In
addi tion, warning and caution air spaces are set with tighter tinme
constraints than the A M.m)(ile, éh%t i s not only to mnimze nuisance
warni ngs but to ref| BEETURE 9 FIG Jothere is showp amulh-dimension tacticanaitanath
tactical envi rongent, .15 In the Tactical node, the MCAS 18 determnes if
the aircraft's @GOFreaifision madel wserqtopyvpidatecairamit Iproximity Siocterras tof dldsaire r ack
of an intruder track. The MCAS 18 then nonitors a tine-based di nension
nodel as il Bst F3t98dane closare rafeyjor determise relrbve Mimeispace sphamtien. ( 80 the?2,
84). The inner sphere 80, which is defined as a highest probability of air
col lision --- wirahmodphMCAS dkusas s difefenbtimetbasad dimeridiore enoidppaen whé h
MCAS to an intruder aircraft within about 10 seconds before two aircraft
converge to a c&TM snade pwitracki tacticalaarcraff hendrddtéinmine air traffic and coliision
avoidance situations. The tactical mode has three distinctive advisory,
caution, and waming air spaces being equally distributed in three-dimensional
10 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.
15 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
20 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



sphere 82, which is defined as a nmedium probability of air collision --
caution sphere, is extended with an additional 15 seconds tine fromthe
war ni ng sphere. If an intruder penetrates the boundary of the warning
sphere, an 0 8 OCT 2003 WO 00/ 65373 PCTI USOQ 09517 27 escape strat@ygCT a3
the formof a tactical avoi dance resolution advisory (RA) such as evasive

maneuver s gui@gq@g 3gz.cl I mb, descend, clinb and turn, or desgend o%nd turn)
wi |l be generate ¥o guide the pilot. If regquired, the gui HaHEO% rand
can be selected to couple with a flight control system 5 The RAis a

vertical maneuver and/or a | ateral maneuver based on vertical situation

wth respect to (=Y in th roximty airspace.and cl ear e of
|l ocal terrain si ? %%?Fé?fa%%ﬁ‘g&'?ee@"wfaﬁﬁﬁ%&ﬂ%‘ﬁ{%‘% ’g@ﬂ'{-‘“%ﬁﬂ"'ﬁ%’yém in
FIG 11. MCAS m)nitorss K:! ti me- based di.érensi olgmgf an advi sorg a here 84

that extends froRrS5SRasigmaneuvsrsgridancs{gimb, descend. ¢imRandBiMaeh uder 10
enters the MCAS aircraft's war ni ng regi on 80. The closure tine is

cal culated basede¥#NE RAY R wikbesgenaralgr de gHide the pilpt HErqasfred thBe aircraft
to the intruder aircraft and the calculated closure rate if the closure

rate is positivedUppngeeommand gampe gelectedip sopaleavittsa dlight sontsol syptem.t hen
the closure rate_is set equal to a value of 5 Nautical MIles per hour to

avoi d any si njul ah¢ Rp is @ varipahmaneuyas apg/cs enipigraktmaneuver basekon ivesicak rat e
is a negative value, then the reference position (host aircraft) and the
i ntruder are novBhptianathfrespacttoctthet dieraft inTthe prbymity ainspaee asd tlearance
di fference between the velocity vector of the host aircraft 85 and the
vel ocity vect or oflocdlderrain singationgirojectetitfordGabeivegingriigtqatidasshdke in i ne of
sight vector 87. In the event that the velocity conponent is not 20
avail abl e, then EIG.edt iMBASdnehitesa tinfedbasedidimehsiof @f anedvisognsptige I84ne of
si ght '
that extends from 35 seconds up to 50 seconds from the time the intruder
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-leader 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.



di stance and its update rate through a noving average filter. If the
aircraft is either a formation | eader, a sub-leader or a tanker, then MCAS
18 will send ATM TAs and RAs and tactical TAs and RAs to w ngrelh§ 08Topppwer
aircraft) and refueler aircraft for display and gui dance contr ol
processing. 0 8 OCT 2003 WO 00/ 65373 PCT/ USO0/ 09517 28 Referring to FIG

10, there i Sw?:hﬁ)@%v? | ogic flow diagram for determ ning cay, ﬁ?srujn}fg%rf
maneuvers to avoid an air collision situathgn in a m xed node operation.

When the intruder aircraft is in a caution air space 82 as shown in FIG
9, then the tactical collision avoidance resolution 58 begins to 5 predict

the necessary maneuvRgferfifg f0h¢lé9510.aitﬁé?F§fs:)'shgﬂ ego!b(tgqé)lhﬂgagﬁi%%g%gnﬁe

for avoi dance maneuvers are | nstantaneous rovi
flight director 4 ] an i 0 nds.. This process .reads
the predicted fl }gght ;')hige gg[\)g rﬁ%&e Eot %1{% %1‘('3&% Star 'Sloﬁ'ﬁnl'ig Ny g gy in
step 300. A tes N efher 1f both aircraft are in a clingbing
phase 10 is perb@%%e%?%rﬁilg%‘egv%Z&gl Ptrﬂg?rha'é?rﬁﬁr'ﬁfl? aa?%’%ioﬁ ar §p3chH 8pHatse,
t hen bl ock 304 ill.b rqcessed. .The airgcraft with a hi gher-pressure
altitude will i ﬁ%‘@%é’éﬁ@egt ﬁ‘@&ﬁﬂgﬁﬁgﬁaf 8°‘§~°H°%|"=‘IV8\9J&B‘F%@58 PN 3Rt Reg9iRhEe aj r
collision condition.is clear while the aircraft wwth a | ower pressure
altitude wil rBEﬁS‘E‘:é r NPESFSADh LRANGYverhdor the hesh alraflat iTHE e@ntthsandor
it. If both aircraft are not in a clinb phase, then the 15 test 306 w ||
deternine i f on8UidpPe? &9t ayaidanceMEneryerp a8 distpntareesht prvidgt torthe tpilot s i n
a descend phase. If the condition is net, then block 308 is processed. In
bl ock 308, if t withdilighl directpn copwpands nad fighii eandiol soewsands- afhist prdeesst hen
flight path re-planning has to be perforned as shown in FIG 11.
O herwi se, if tFradsdhenradictadnflighti phaseadata fon kptbthe hestaandeintrudernt aiceaft trhen
t he absol ute verti cal
step 300. A test to determine whether if both aircraft are in a climbing phase
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 caoliision condition is clear
while the aircraft with a Jower 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 aititude, 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 levei 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



20 speed fromeach aircraft will be increased. The next test 310 is to
determine if one aircraft is in clinb and another aircraft is in |evel
flight. If the condition in 310 is met, block 312 will be processEg. ‘
the aircraft in clinb has a |lower pressure altitude than the airc fu{: i
in level flight, then the aircraft in clinb will have to | evel out and the

aircraft in | d jght wll need to initiate a clinb. 003 WO
00/ 65373 PCTI%%SB 17 29 the aircraft ingclinb has a h| gﬁ%ﬁ”#&&%ﬁ
attitude than the aircraft in level flight, then the aircraft in C|IITb
wi Il have to increase the climb rate until air collision condition is

clear and the ajycrpib é;ﬁsfoeﬁ& 1 q@ Midssiifd Matﬂ#ig 3ﬁaend Sefgfc%{ettflpgte?%{ra' "

is also clear. e next test 3 termnel
| evel 5 flight r L scent. if the conditi
314 is met, bl on@h gtfgﬂ%g%rg ogl r%gé'ﬁu h?ﬁgqﬁll%cr%qsgc%eﬂ'@b fate Y air
aircraft in lev f.1] has ess al ti n the alrcraft
" Gescent | thefl ?18“%%8?3?{5 ?'ﬁa %" i SRR v ok Rters drshet o
descent if terrﬁan situati ih owed %r‘ﬂ,atnother }rcraft wi || have to
| evel out. The &AM (%7 °§ i ?6"3 E'teé" 5 tPejsamined] ong aygratt ¢ igrlevein
| evel flight, Igl t he condltlon in 318 is net, block 320 will be processed.
In this bl otk Hgbt Whg agother Arerafi isHn deserir “;S’F%%’Eﬂ"@“a‘ﬂt“ﬁdéén'@% blocecend
at a rate that can obtain terrain clearance and the aircraft with a
hi gher - pr essur e31&will thegerogessed. nin this dlagk 316l thecingrafi inclews!t flight! has 8t ur n
to their previous altitude when the air collision condition is no |onger
val i d. The next lowsstpressure allityde shapethe aireraftiin desednt.athee the airaradt innevricent .
If the condition 318 is net, block 324 wll be processed. In this block
324, the aircr aﬂlghmlhhavmtcgh@m@ﬁe@@met Hlterraio gduationis allewed aodtarether
another aircraft will increase its descent rate if local terrain situation
is permtted. aircraft will have to level out. The next test 318 is to determine if both aircraft
10 are in level flight. If the condition in 318 is met, block 320 will be processed. In
this biock 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 350 and an intruder aircraft 352. The
system will process the situation with an initial right turn 358 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



Referring to FIG 11, there is shown a flight situation where it is 20
necessary to re-plan the current flight segnment to avoid a md air
collision situation between the host aircraft 350 and an intruder aircraft
352. The systemwill process the situation with an initial right0§0th2l§’s
and determne if the local terrain 362 that corresponds wth this proposed

flight path iwoebssars fromthe proposed vertical path. If this thight path
does not have a terrain 08 ON 2003 WO 00/ 65873 PCT/ US00/ OQET?U é%'g

clearance, then a symetry path 356 will be evaluated for both air
collision and terrain clearance 364. Different turn angles will be used to

find the |ateralclearante, tbem syremeiry padl 35§Wﬂﬂb§@0£ﬁh&!e‘anfdrsbd}ﬁ AIPE&ﬁ'gIOH
valid, the aircraft will change its naneuver to re-capture e ori gl nal

flight path. 5 Refdterraimgeléarahtd364L 2Diffehai ?urh %néfé@‘%lll BeWs@ﬁlYoqin@Ithrgt%PaA

provide logic and conputations perforned f ach

Bctive 11 the format oot cghy COUgBhdREn, s A Torlddh Ty tap it ol
L o
co

it o AT BV AL AR Al it o n
det er mi ne maneuvering revent s R .oé"."? Egé H MemET i a ‘Eff’ﬁ"tloé'ffﬂ@htt dpa firstght |

t l'inb,_ Db scend, and etc.) to signal to the follower
o Porafte in 1 hestarigh@satom‘%i%;mmthe?fﬂan@mgnt&p&y@t 4 haormaien i o
I nt o packets that ul needed by the follower aircraft. In step 4
i f thg syst em ddt &f EV\@{ ?ﬁéﬁtmwf"d?ﬁ ssdtha ffofmatieptsugh msithe Ireledefitheut a

b-l eader 419 in a formation flight 420,
su aircraft in a formation, pre%et data such as relative position offsets in x, y, and

10 z axes, 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. Ifit 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 nextblock 414, the system coilects and formats data into packets that wou!d
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#Aactical
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, rolt

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



then the systemw || process the informati on associated with ATMtacti cal
traffic advisories and resolution advisories provided by the | eader
aircraft. In 20 step 422, the systemw |l use the navigation data fr(E[P M}le
host aircraft as well as the |leader aircraft to deternine relatidd0ll?Z
position errors based on the preset relative offset values. Wth the
conputed relative position errors, the system feeds this information to

t he gui danceWoesHP process to determ ne,pitch, roll and ALY b hmands
for error correction. In block 422, the syStemalso 0 8 OCT 12003 WD

00/ 65373 PCTI US00109517 31 determ nes whet her to engage or di sengage the
formation flight node. In block 426, the system ponit.or .qthge osi tion
devi ati ons agai Agterpifes Whskier i engage or q"&éﬂ? ﬁ}%{%’g‘ﬁ P'Eiih mMaeydBr
different formation flight advisories. The  next _ block 428 is to collect
and process for bmckéaﬁfn%pgmtewﬂanw%mpqswos devighonsaoalst e YRS Rter
aircraft. If step 420 is a no, then the test 430 is to determne_if the
aircraft is a wwejmanowerghresholds tq siggendfiersnblormation flighb pgvieeras). Thehe
system processes the information related to ATM and tactical traffic

advi sori es and woekl istlof2¥ ieso collecbangppiogesieignpatiomdight daterpaskettpart of
situation awareness display information. At the same tine in step 432, the
system i n 105t heransmi nathedallowdrairemaftr df step 420 o3 inoi, thencthedest 438 isitder to
feed this information to the guidance control process for generating
pitch, roll and detdnmirsd if therairecdfi ioa wiogmand29 alfid id, dhembiawk 482ds psoatssedn
step 434. In this step, the system al so nonitors nmaneuvering conmand from

the | eader aircrigd ydtém prstRsséthe nfprhationakyelitd AT amditdchical twiffid
determ ne when the 15 wi ngman should initiate a simlar nmaneuver. In step

436, the systemphieries SnPasIRSor REoRASH bicatied@y thiciloaderagina pait of Braatidred
threshol ds to generate -
awareness display information. At the same time in step 432, the system in
10 the wingman calculates relative position errors in order to feed this
information to the guidance control process for generating pitch, roll 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 tumn and reduce 10 knots in

airspeed and his follower wingman will initiate a 60 degrees right hand turn

and reduce 20 knots in airspeed.



formation flight advisories such as: unable to keep up with the formation

flight designation or exceeding |lower threshold Iimts. As in the event of

i nformation flight break-away, the systemw || determ ne targehgqgilwﬂngle
ui dance™b g

20 command and target air speed to feed to the control g on
the aircraft relative position in a formation. An exanple for this is that
the first right,y;pgman will initiate a 30 degrees right hand turn and
reduce 10 knots I n airspeed and his fol l owgy wingman will iMYYEPESY 60
degrees right hand turn and reduce 20 knotS in airspeed. 08 OCT 2003 WD
00/ 65373 PCTI US00/ 09517 32 Referring to FIG 13, there is shown a logic

flow diagramil |l ustr asifag essi fiar tanker 490.and ajr re-fueller
aircraft 492 in vari %ésfggl???gs”%; qgaﬂ’%ﬁ‘?%ﬁhg’ﬁﬁ‘e? Por%c flaw l%@m%h@trgwm can
all ow both the t : r&fu ers to, nai.ntaj recise situation
awar eness durin a{égsﬁ) fsbétstgg?ert%«g %Jo%re?eé{'ﬂegﬁr. angi Mﬁ‘ Wrges ppaseante,
beari ng, and relﬁéiy_?eﬁl ﬁri]tude_ Th?ﬁe ée%lr%%{ aneters can be used to

i dentify another®afrcrart oF ¥ at 'BAYER allowspelhitha tankenandtheand hence

i nprove the effirc%egc%s and rT{ ssion tines for in- flight rendezvous events.
The advant age fdF FERFSOVBRIAR PREFiR §iuatior awaranesscdiringaaliphase of the
relative position, range. and arrival time can be displayed 10 nore
accurately. Rel atAeliamnbe MAP disalaws range. heariog) and relalivetaititMBASThass ed
upon GPS position broadcasting by the Mbde S transponder or received by
digitized tacti ciYy Ri4ametarsKas pet ¢shd tphdentifnanothec kivwaften éaomation elenvérith
other aircraft for rendezvous purposes, the MCAS equipped aircraft wll
i nhi bit tacti calrelatiug focatian @ndeasicetimprovaedie effidiersyand mldsiow time i in-on t o
an air 15 refueling node to take place. The system checks to determne if
fiight rendezvous events. The advantage for rendezvous using digitized
tactical data link is relative position, range, and arrival time can be displayed

10 more accurately. Relative range and bearing will be caiculated 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. Ifitis, the system
obtains aircraft role in the mission aiong with the rendezvous position 494 in
biock 452. Next step 454 is to determine if the aircraft is a tanker. If it is, the
systemn caiculates 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. Ifit is, the tanker aircraft control



rendezvous/air-refuelling mssion is selected in step 450. If it is, the
system obtains aircraft role in the mssion along wth the rendezvous
position 494 in block 452. Next step 454 is to deternmine if the aircraft
is a tanker. If it is, the systemcalcul ates distance, bearing ﬂthPZﬁﬂd
estimate tinme 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 MAYER?ile for the air-refuel Ijan_r aircraft i defTYS¥¥ 1 %on to

determne if the air-refueller aircraft is thin the contact range in
step 458. The next test 460 is to determne if the air refueller aircraft
is linked up to beain the refueling.phase. If it is, the tanker ajircraft
control OB OCT SYENGHHOFYHE TS Pisperd s the aikeetsliasaeaniay sies 483 i t n
the air speed of the gjr-refueller aircraft in step 462. If it is not, the
syst em prepar es 'tr’§H&E%%§¥Stﬁﬁhpf§P?’%3efPD€ﬁVﬁg'5@ijé"déﬁ-l@é!'ﬂg fiafa packelfefi ssi on
in step 464. If the test in step 470 determ nes that the host aircraft is
an air-ref uel | etTANERESFIOME StoBAEM Hdhe destdn slept4Tdr datersiinesrthat thevhst fy 5 t he
aircraft is in docking phase. If the air-refueller is in docking phase, the
system wi | | com@ifetaftis@rcanrefoellejuiheante sygeaypasfonps winothet test 42 kaeveriy r
speed in step 480. Wiile in the re-fuelling phase, the system cal cul ates
rel ative posisti dime diseriafitis ondocking pasel 8P thenair-fafeeller ishinsiocking phase, dine t o
control guidance to provide correction commands in step 484. If the

ai r-refuel | er 1Gysiercwifcommandtthe edntral giadanicado pyrasyn with ehestgakeamaind | |
conput e di stance, bearing angle and estimate tine of arrival to the

initial point (lsgkediseprd8hWhikiintthefe-fuelitigeshasepible sysiedi €culdiés The
system nonitors based on surveillance to determne if the tanker is in

range in step 4%8latiVépokitich devRiiods th 4tep 482 RINATaEEs thisSAReRANRIHStodbMtal I
re-fuelling data packet for transmtting. '
guidance to provide correction commands in step 484. If the air-refueller
10 aircraft is not yet in docking phase, the system will compute distance, bearing
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 surveiliance fo
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 levet required to be set for
RF radiating sources. These sources include mode SAFF 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



15 Referring to FIG 14, there is shown a logic flow di agram whi ch outlines
| ogi cal conditions to determ ne appropriate power |level required to be set
for RF radiating sources. These sources include node STIFF tranls:[gné)ﬁgte@p
tactical radios (e.g., ARC-201D, ARC-220, or any tactical VHF/ UH 3on
keepi ng equi pnent and airborne radar). The first step 500 in this

functional 20wgMdiesis to get information regarding ai rcrag%Té%IQ‘%og%?_} wel |

as pilot command for power setting for RF mquipment. In st t he
el ectromagneti ¢ communication node is set to silent, then the systemw ||
set equipnment to the standby node and turn off transm ssion power in step

"vol ved to det E?ﬁ?'ﬁgd{e'?°ﬁ?rg%ep%z%§?°\‘}\%ag'g"Z%%%’“fst%gﬂgf‘%%s?fae
mode for power SgbikffbriRF @ﬁErFH'ﬁent blr blfot 'sét’tlnéi stgégpgmfﬁ-@t s%%tagég]f 8)n| .

{)gme(rjezce)imREee??;prren;’Iepe; E_m.Ot S a for t|on flight or é
tanker in re- fue‘lgtlgﬁng P a@ée + teétélagi%q%é "'f? rmation Jlightorsa 43 rs!%tre
inotep 2. |t ol 9&%55%@9%%%“‘59%5#32@%% R%S’%fﬁeéﬁé?{sm‘?%su'eﬁ%%%%ﬁ“'
LA R 9 S 3
in step 518. 10 geﬁg "?i‘{j‘etsohr‘a‘i 915%?’3 g e&ther & winaman alr@aﬁmragn aigrefuellof

traffic and air in refuelling phase, the system sets the transmission power for RF eguipment
to a leakage level in step 516. Otherwise, the system sets RF equipment to a
nominal (medium) power level in step 518.
10 Referring to FIG 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 fink 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 coliision 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. 15c, there is shown a dispiay 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.



collision situation in ATM node wth a conpl enent of tactical aircraft 550
and 554 detected through digitized tactical data |ink nediumand 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 COlldf@@F ]
situation in a m xed node. The infornaggon of air traffic and avo ng@

I nformati on generated fromthe airborne’radar systemand station Kkeeping
562 is conmbined with the traffic information processed by the |IFF
transponder, such as 552 and 556, and the tactical digitized data |ink
system such as 550 and 554. 20 ReferGliAlyiSo FIG 15c, there is shown a
display format of tactical situation awareness provided by the formation

| eader bei ng over{ ai d AirjiBiak R8|lisRASINGI®ShC Syfterh A6r 886l abehrt drv giroratoci ty
572 with respect to the formation |eader aircraft. 0 B aN 20U3 35 CLAI M5

1. Amdair,col|ision avoldance 2m.far [ ft,.. the
syst em compiTerKGEan CafPrer i e e bt rotEful dAReh SnBlgEo 3l
traffic nmanagenent nodul e for nonitoring, and tract(j ng .aircraft in tg.e air
traffic confals manadeseRdrpodWedphaniieringang ek Rt gl e AihkadPst em
Is located [20], and a conmuni cation system the mdair collision

avoi dance syshtnl ebeirogmenbexetret it §te bigcrafl arawhicbdhe isystem isdnagjedent
system conprising a tactical based nanagenent nodul e distinct fromsaid

air traffic popagenesbmnriifisdion Saitént &l iniddir Ssilision erorigacesystendul e for
nonitoring and tracking tactical aircraft in the tactical environnent

external to Beh\‘?g @héﬂﬁéﬁze@bﬁhi cht he_

a tactical based management system comprising a
tactical based management module distinct from said air traffic 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 [22], and

the communication system comprising an internal
communication link between said air traffic management module and said
tactical based man.agement module [59] [70] [52], wherein said air traffic
management module, said tactical based management module and said

internal communication link are embedded on board the aircraft.

2. The midair collision avoidance system in accordance with claim
1 wherein said tactical based management module includes means for
providing essential control avoidance [58] [60] [62] to maintain an aircraft in a

formation flight {4007 [402] [410] [412] [414] [420] [422] [424] [426] [428] [430]



systemis located [22], and the conmunication system conprising an internal
communi cation |link between said air traffic nmanagenent nodul e and sai d
tactical  based managenment nodul e [59] [70] [52], wherein said ai f8&#Edf0%
managenment nodul e, said tactical based nmanagenent nodul e and said internal
communi cation |ink are enbedded on boarg the aircraft. 2. The mdair
col i sion avoi dance systemin accordané with claim 1 wherein said
tactical based managenent nodul e i necludes nmeans for providing essenti al
control avoidance [58] [60] [62] to naintain an aircraft in a formation

[ ght [ 400J424083414d6] of el ddrdn E28ludidFhisker 1hs01128E) (462914d6430] O
8 OCT 2003 36 32] [434] [436] or to carry out an air refueling mssSion

B T e T RN

accordance wth claim further conprising an external dual bus systemfor
finking said system w th other equi pnment aboard the aircraft [19] [21]
[55]. 4. The midair collision avoi dance systemof claim1 wherein said air
traffi c nmanageneft nodbeenidaclandissoraatdidshcdagstpMin, acsarahicactiitrcabirbased
managenment nodul e i ncludes a second bus [611, and said internal

comuni cat i fitHdr f&lﬁm;’d%ﬁrggjéﬁ eferhal Qidl ave fetiRtsamhking sal dyftenst and second
busses [59] [70] [52]. 5. The midair alert and collision avoi dance system

i n accor danesth othéheqlipment apberdethe sersft [ A 2 rgbspased managenment nodul e
includes an intruder track file correlation process [54]. 6. The mdair
alert and collision avoi dance systemin accordance

4, The midair collision avoidance system of claim 1 wherein said
air traffic management module includes a first bus [71], said tactical based
management module includes a second bus [61], and said internal
communication link includes an interface connected to said first and second

busses [59] [70] [52).

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

intruder track file correlation process [54].

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 [58] [60] [300] [302] [304] [306] [308] [310]

(312] [314] [316] [318] [320] [322] [324] [550] [554] [562] [556] [552].



with claim1l wherein said tactical based managenent nodul e includes a
tactical collision avoi dance process [58] [60) [300] [302] [304] [U%O@T 003
[308] [310] [312) [314] [316] [318] [320] [322] [324] [550] [554] | 626
[556] [552]. 0 8 OCT 2003 37 7. The midair alert and collision avoi dance
systemin accordance ‘with claim 1l whejein said tactical based managenent
nodul e includes a formation flight advisory and gui dance process [62]

[400] [402] [410] [412] [414] [420] [422] [424] [426] [428] [430] [432]
[434] [436] [572] [574]. 8. The midair alert and collision avoi dance system
in accordance w#i.h clEemmidaiheleel and adlisiboravaidaoiefdyistHn imdvesaapcgr ocess
[53] [62] can be set dependent on the aircraft being a | eader [410], a

sub- | cader [ 4@0dieirirs AnitehgRam 6301 aed FhEndiehnahrmabaktinandegal | i on

avoi dance systemin accordance wth cIa|n11§QM¢re|n said tactical based
gui dance. pr oRahefork lh 4850 A5T STREBLE At PRLEOSTIASH (IR 0
A ert and b FHAaR] GeR) ianld 25 eanl ABOAASE K A5k BRRLEA I o wher o n
said air-refueling advisory and gui dance process can be set dependi ng on

the aircraft's role in the refueling process [53] [64]. 11. The mdair
alert and col lision avoi dance systemin accordance wth claim1 wherein

sai d tactical baseyl MnpOCHRMIr ARVUARI EAGLBAY oRlIareBYHMNG & BOELMRARESSS for

generating audio signals representing advisory noticés to the operator of

the aircraf twi£h6gllaim07 u%he%cl:rT s%%of?érmation flight advisory process {53] [62] can be set

dependent on the aircraft being a leader [410), a sub-leader [420], or a

wirigman {43C).

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

with claim 1 wherein said tactical based management module includes a
rendezvous and air-refueling advisory and guidance process [64] {450] [452)

[454] [456] [460] [462] [464] [470] [472] [474] [476] [478] [480] [482] [484]
[572] [574].

10.  The midair alert and collision avoidance systern in accordance
with claim 9 wherein said air-refueling advisory and guidance process can be

set depending on the aircraft’s role in the refueling process [53] [64).

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

communication process for generating audio signals representing advisory

notices to the operator of the aircraft [67].




38 12. The mdair alert and collision avoi dance systemin accordance wth
claim 1l wherein said audi o signals represent advisory, caution, and
war ni ng notices indicative of distance approxi mations and cl osure mqk?%
[(60] [80] [82] [84] [85] [86] [87] 13. The mdair alert collisioN 003
avoi dance systemin accordance with - claim4 wherein said tactical based
managenment nodul e includes an intruder3g track file correlation process
[54], a tactical collision avoidance process [58], a formation flight

advi sory process [62], a rendezvous and air-refueling process [64], and a
communi cation process [511, each of said processes being connected to said

second bus [61].  14. e mdairn_ alert | Sd ' '
accordance with 1%? ai ]rﬁp‘f@\%ﬁgraé?rﬁaggicgﬁggdﬁ@?a@g%%ﬁga%%ﬁadﬁgdul e
further includes a control nanagement process &50%,. an int er-ga%ﬁul e data
|i nk procesavifhgdaim 41 wheseineaid abaipUHoRals repressit 2 IsYofaWllon. 0 - 5

m ssion and user data process [53], a blending sensor data process [56], a
tactical trafdrhing redtiees iticateesof| @8R nca apgiapnations ane dseesatesd8d], and an
external input and output process, all connected to said second bus

[6,11]. 15. | @dah rsalggitragpl 1 i si on avoi dance systemin accordance with
claim1l \/\/ne|Ige-d|5"ﬁ821';\gﬁIJ y%t[er’]n[ca}; be set to an air traffic nanagenent node

[126] [170], a tactical based managenent node [124] [160], or a m xed node
[128] [150]. 39 0 8 OCT 2803 16. The mdair collision avoi dance systemin

i th cl ai 1 ininth i cal i .
accor dance v th o2l My 40t L dheldieas A Seky B i b4 R 2 ound
claim 4 wherein said tactical based management module includes an intruder

track file correlation process [54], a tactical collision avoidance process [58}, a

formation flight advisory process [62), a rendezvous and air-refueling process

[64], and a communication process [51], eachoof said processes being

connected to said second bus [61].

14.  The midair alert collision avoidance system in accordance with
claim 13 wherein said tactical based management module further includes a
control management process [50], an inter-module data link process [52], a
taciicél communication contro! process [51), a mission and user data process
[53), a blending senscr data process [56), 2 lactical trafiic alert process [60], a
display drive p.'rocess [68), and an external input and output process, all

connected (o said second bus [61].

15.  The midair alert collision avoidance systemn in accordance with
claim 1 wherein said system can be set to an air traffic management mode
[126][170], a tactical based management mode [124] {160}, or a mixed mode

[128] [150].



an advisory [84], a caution [82], and a warning air space [80], said air
spaces being equally distributed in three-di nensional space and tine. 17.
The m dair collision avoi dance systemin accordance with claim 16 wherein
said air traffic managenment nodul e includes a tactical collision avoidance
[58] process activated when an intruder aircraft is crossing the bpyBaRnH)
of said caution airspace [82], 18. The”mi dair col i si on avoi dance systemin
accordance with claim 16 wherein said tactical collision avoi dance process
[ 58] continues to be activated when an intruder aircraft is penetrating
into said warning airspace [80]. 19. The mdair collision avoi dance system
i n accordance MAt 1 wherein said systemcan be set to one of a
plurality of oper | o Jﬂe 'ﬁtﬂ?é’scowsi%}ﬂ"‘l?’ﬂéﬂ?e BYSie In ardaudamgs with okaimt i on
flight node %154] [164] [174] and a rendezvous flight node [ 154]
[17411172]. BhereqoinZbe (Folicatintade theditspaice mrawved tangiecraftds @mided into
accordance with claim 1 wherein said tactical based managenent nodul e

| ud dicividare t | 500
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avoi dance sy wgv&gmawm% ] erqrﬂal‘é@%?'aﬂdﬁ%é;bt acti cal based

managenent noddle’'in es a tactlca oCess | e of repl anning
to avoid mdair collisions ]308] [312] [316] [320] [324] [356] [358] [360]
[362] [364]. 22. The mdair collision avoi dance systemin accordance with
claim 21 wherein said tactical alert process includes determ nation of
al titudes 17.  The midair collision avoidance system in accordance with claim

16 wherein said air traffic management module includes a tactical collision

avoidance [58] process activated when an intruder aircraft is crossing the

boundary of said caution airspace [82],

18.  The midair collision avoidance system in accordance with claim
16 wherein said tactical collision avoidance process [58] continues o be

activated when an intruder aircraft is penetrating into said warning airspace

[80).

19.  The midair collision avoidance system in accordance with claim
1 wherein said system can be set to one of a piurality of operational modes
[150] [160] [17C], including a fcrmation flight mode [154] [164] [174] end a

rendezvous flight mode [154] [174] [172].



above the ground terrain [360] [362) [364). 23. A mdair alert and
col i sion avoi dance systemconprising a plurality of data |ink
transponders for generating and broadcasting data [246) [248] [206] [228]
[34] to a host airplane, a traffic alert and collision avoi dance [ jsi{$t0h
and an a air traffic managenent system the mdair alert and avoi dance
system bei ng characterized by: said tr@ffic alert and collision avoi dance
system | ocated on the airplane and including receivers [226] [204] in
comuni cation with said transponders [34], said traffic alert and
‘collision systemfurther conprising 0 8 OCT 2003 41 said air traffic

nmanagenent syst emeonprhs ifi@aid comsish &vbriancetdyistem imgeandangeaskh olpiobj ect s
inthe air traffic control environment external to the aircraft [72] [74]
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collision avoi dance system said air traffic managenent system and said
tactical badéd4] [Ga{eriint system are enbedded onboard 'the aircraft. 24.
The mdair collision avoidance systemin accordance with claim 23-further
conprising a bus systemfor receiving data inputs [70] from said
receivers, said bus system being connected to said traffic alert and

collision avoidagge SYRE@HIdafTolliEe dldiidricesydiérniimaceordademedhsfatem i n
accordance with claim 23 wherein one of said transponders provi des digital
terrain el evathiolein said tactical based management module includes a tactical alert

process capable of replanning to avoid midair collisions ]308] [312] [318] [320]

[324] [356] [358] [360] [362] [364].

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

above the ground terrain [360] [362] [364].

23. A midair alert and collision avoidance system comprising a
plurality of data link transponders for generating and broadcasting data [246]
[248] [206] [228] [34] to a host airplane, a traffic alent and collision avoidance
system and an a air traffic management systefn, the midair alert and

avoidance system being characterized by:

said traffic alert and collision avoidance system located on the airplane
and including receivers [226] [204] in communication with said transponders

[34), said traffic alert and coliision system further comprising



dat abase to said bus systems whereby said system can generate vertical
terraljn profil ﬁs I[381. 26. The mdair collision and avoi dance systemin
accordance with claim23 further conprising a plurality of di spl &y tévipmes
(681 and wherein said 1 .0 air traffic nanagenent systemincludes a :‘/Ziﬂgagt
bus [71 ] and said tactical based managenent systemincludes a second bus

[61], one of said display devices beismg connected to each of said first
and second busses [761 [ 681.

said air traffic management system comprising a module tor
monitoring and tracking objects in the air traffic control environment externa!

to the aircraft [721[74]) and

a tactical based management system, in communication with
savid air traffic management system, for monitoring objects in the tactical
environment external o the airplane [250) [252] {254] [256] [258] [260] [262]
[264] [266] [268) [270] [272], wherein said traffic alert and collision avoidance
system, said air traffic management system and said lactical based

management system are embedded onboard the aircraft.

24.  The midair collision avoidance system in accordance with claim
23 further cofnprising a bus system for receiving data inputs [70] from said
receivers, said bus system being connected to said traffic alert and callision

avoidance system.

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

terrain profiles [38].

26. The midair collision and avoidance system’in accordance with
claim 23 further comprising a plurality of display devices (68] and wherein said
air traffic management system includes a first bus [71] and said tactical based
management system includes a second bus.[61], one of said display devices

being connected to each of said first and second busses [76] [(68].



