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shovvn a graphi cal depiction of the %&'éﬂ&b; & EETance System of tht
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. o o B Y b1 AN N N SNTT= e Py e\ (e pe——




04" Q- ' : -p-4-~= ~~, 2~~3 p~~P-DESCPAND-H5478 di 3pl a
Lai e@f-popesition. FIG 3 illustr REFUSPUs@MA ary enbodi ment of Fr{%é(SCPAMD
present i nvent bg{} QA though only three aircraft systlehs) Bt @903 | uatmedosdogss t

shoul d be cl eaP®¥® t hose spilled in the art that nmultiple aircraft wll
have a simlar relationship to that shown between the Cell Formation a
Leader Aircrafiy, n daglclaimkothaofotiowA rcraft No. 1 (222) and Cell Fol | ower
Aircraft No. 2 (223). The operation of TCAS and each conponent shown are
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st cases i nsP¥HPBr a relative positivnal cal culation. The relative
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the fol | ow® aircr @1 {ids a Howshastof the. methodologyused tr,digplpy, infergation tojthe viewer
SUBSTI TUTE SHER Kceotlinck withAhplesentlinventivh. 04’ - 01- 2001 tuss-ra

PCT/ US99/ 30459 ~ 4 ~~~~i ~~~3 Pc P DESCPAMD exanple relative altitude and
relative velocity data, fiomthe Mde-S trausponder 361 of the | eader
aircraft 225 through the Mdde-S trartsponder datalink at a predeterm ned
frequency, for exanple) 1DETAMEDSDESGRIPTION OIXMHE INVENDIONr 3-2 of
allower aircraft No. 2 (Z23 ) transmts ADS-H data to the TCAS 3 S 1 of the
| eader aircravft 27espresant inpentions is\@esigngd tfomnspwitiica pamival Colkision JoawidahedS

350) 351, b Sy i jo i L dc-S
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coor di nat i ons ~ airdeens inaBEG andnight £yipg: cprdiBonsy is)p PPUUQIINE /separation coptf
i nterrogation ngg&e ifiEREdEd By the phedént RiveaesH initwy on, the active
i nt errogstaon ~of ?ﬁ@gTCAS igydi sabl ed during thgmlsFCAS node. Broadcast
Mode- S squitter datay)i s nasdifitdtioni oposighiehtation t ofyhe doaventitnadn TCAIS, | €gHoNnL3

avoi dance, but also inportant to ej~ecti | 1i,ng th tjve

posi tion of cel ‘I:‘PIPQP”“‘%“%r(ﬁﬁv}%ﬁ%‘?qﬁ#ﬁﬁﬁ%h@%’ﬁ?‘&gﬁ% gﬁ’fﬁglﬁoh #iban.
The i nfra-f or medddadnRORRC AR imodg 16 \pRhmit) cfuse Jombatidn lighti without haseessaryoraffic
digtributed formatiqn cell contral schepe that utilizxs Mde-S traasponder
ADB- H squi t ter )edyisadesnaesqhytion adyjqr rf‘“g‘raocessi i ~, nission conputer target

track procxssin a t he,resi ' fot '
25 rra!ont ai ns cgl)l prbgsi tﬁ%’ﬁi"%&%%ﬁﬁ*t e 'EMH J&?ﬁytuf'éon tﬁg’f@ﬁ:ﬂgn’%
peji odi cal |y brextonalshigh drekuency he-8oeVHF| SBEDr date link Atranspite) arsizpoeivery with)
'nge- Str anapom@g&m%ﬁg&g fktBighab, Otol padsdatdl such C4s€ AIDS-B NS S FBintaBbH A ri

e résent

enzbodi ntat of I'nventi on when operating in the | FPCAS node.
M $si on conput esonguangy, betweenaieraly 3) and SKE (380) 381) and 383)
S
%

debor bed off |1 1er VAR POIE Ao et $Hovs,af FEPANCAFAER JORAIPD it 18 7
this system ar ghoximity to ené anatharwouldmeéintein bsafo\bephmtighusing passive FEAS deaction
S orat ) consi iprscesiod, pigE thiibh fmadkie o) R gk o S g,
gﬁ ner. A pessiazd, 230,240 vethc calh Jeaderc aircrafd (225 238,249 |rgsponsible tfpy, maintpining

20l ing nul ti pigrahoe "a{l&nbﬁﬁ dellt follovidryairarutt (ZX2, 113 2221 053D 0183, 242, 243), -
$itionl separation at sel ecé{'\b e di tailgces. -13 éUBSTI TUTE SHE'ET ~ ,
~. o~~~ - A cell gpm bdlefined, as 4 smpjler fognatiqn: ¢ approximately 2-50 girgrafin | Ay large

R~ yILE ;0\ GheMat alrcraf) AR Rrai B ithid T : :

vl ‘-_yaerva\Mcﬁz%% g‘s? %0 pire Tl?ﬁog’lﬁ": o |%PE@3W£%¢ Ao

PG| 1' 1US99r 30436 8 26008 reepengiblefon mprining peparition betweertthe multiple

sgenari o) am MeelD@00,82D) 2300240) et hakeTay the @ntize | fbrnlaBasSio MRSMFLRAS bd | n

i ifornation an%tqﬁgm% s}oﬁgrl ) commands that will be dissenninated I1n a.
| ngj a

hiser ar chi cal manner ™ as SC bove. A Mister Formation Leader (see)’

e&% MFL of F1G ZM%WQDCM&W&B a cell s |eader aircraf t. '1"he

~~r ~

TE\S 353 provides the m sSi0~a computer FT5eaon yeing Jpformationrthat i3 preiodically
ttlack data. Théropstashfroni eash selipjeader’s frinsponder,Sfok Qﬁﬁmﬁg,rmgh%s%mglﬁaﬁ?n;s
aircraft posrti1’o nd

byi t hat ai (G ' drRd - Cel |
sﬁpar Zt i glnr ?211? g.r rsr?adﬁgolnﬁy ?e{% %%Pﬁi 8@%@'%@@ fram eachseil Inaderd 39225, 2458

wiith resul t8nt *§irttafeeh ecdhisade airemB (225, 23] 245) ehunibé WRutifeddOsy £)snigﬂpmd,_s
relative altitpsiBle addéﬁ?@rmg{tmnﬁ 6‘%}5{‘; o, f orgat ion | eaders via a
very high frequency (VI3f) data I'ink : FR3HoR fFetlbrndother muyltiple dorwatiowad
fromthe YHF receive suite to the cell |eader aircraft m ssion conputer
4111. Simlarly) the cell |eader aircraft mssion conputer 411 can provide
aiircraft gui dance coma~at~ds to an associ aged SKE 381 based oa the data
recei ved from an associ ated ?CAS 351. The cell follower aircraft can them
execute the cch leader aircraft SItE conmands, ~ s for exanple pitch, nU
and thrust to maintain a desired postYPSRITMIEIBHEETR formation. The system
ar chipbgataresshgown in FIG 5 is il | t he | FPCAS ControDer,
mﬁ}a"*%@i%&ﬂ'g%ﬁ Control Laws in@%ﬁngpﬂ-ﬁgﬂ#ﬁﬁhe m ssion conputer 410 as
sof | ~vere functions. Mihi-f~tion Displays (M-D) 550 can be used to display
the forn~ation CAS information. The MFD can display both Cell aircraft

| FCAS targets as well as so conventional TCAS targets.

™
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It is ingortant to note that the sel ection of forrrg,j'hoi\ rrenigers can be
accOAMI-20RY_usi ng the uni que 24- biRCTVHEOEMEGr esd #hdttli AlBr oad ABESEPAMD
the tail end®®¥%ach GFS squatter transarission. In addition) P?@éi‘:’omary
means of nenber selection can 'be atfained using the Flight ID) which is
also transmt : t I

Non- st ati on ‘i?ég%i %@@%%&#g‘%ﬁggﬁgqﬁﬁgmgt %%ga%lﬁ ﬁ%?ﬁg#%’s‘ﬁmcan
be handl ed ipositions;asushrdate fissém isl svcdraplished Gshee YHI5p ddight Mepagenean Syiteti ze
Mbde- S ADS- H_| nf.o jon to.rendezyous with specific formation air f

usi ng t he SZIFé’ig)i Wtﬂ“&a gﬁb‘?”eg?\{%r”F\#?Odm 3% dfﬂ‘ﬁ‘?ﬁ&i‘f‘ﬂéﬁ”?ﬁtt‘ﬁef@o‘é- S
squat t er negpdgRualbuéD sRefing terminandsatre kamplied adid Meds-S duladlilPioNéell Rader
position and_separation within the formation unit by receiving Mde-S
squat t er SADS285dat%a 445 it @9 howp png, disgyssed é"é’&e?e%cf & HIG. fad Steering

reconfi gur i NGnnkidebfeCdipeRted B in@i®idas @A tlsadeft 150MRIr Yaniub MERES W%ﬁ-@rqss.
squatter ADS-B dat$. -14 SUBSTI TUTE SHEET wY.r~ : N~A ~ty~ ~~~ ~i Y-~Y~" ~~ |
m-. v . ww MFR 250, eelbipadeyopirergfs @28, 2352471809 £elh Jojipysr ircralt (212,213, Q22 p

DESCPAND Si ~8i 45 | et byt ] m@@,
gener at ed by2r2 tg hie%' Z?ns's%%(r?ﬂg%?n%a??rd S usi_n%ygg&g?\?? gd;edggi rcra tég%‘gg‘?gu%hrtack
data. This ildentificatinsy thay arepssignpd te cpcheairgraly gad Neanemitted chsrpastsof the existinged

to sel echi VRlygels Aleksa ific formation nenber aircraft. Referring to
'FIG S, 1{‘,heredles g’%ow%egﬁ embodi ment of the | FPGAS architectm-e in

accordance W th if A&3e(M25 Dhyerds)dlen profd &s%%-? 1,S.5) -mﬂ.e 10
I's conprised_of | FPCA. S.Cgént rgl,l er g55 nsub' ect to %Ig%%ro tzlirwé 60,
FMS S65) DafMpusd fisssminste fireripg nommands K5 sxagpley selativgcaltitude ang xslative

el enent” 570 viigkity (AGES dlLiowes birall Wit (ol 2 VR del) SRR 1O
col l ect data avlg’irl abl e $omthe TCAS 3501,l Moda- S Trlaaspoérfgefrsugtgg) ta

Li nk Radi o Ypep ¢ Hethra iapee pddressed ¢ dossng forTexampin siace istation ed

i 9 Aut ongt | ﬁeﬁ% SN Bledling Al iresiat ' i pent
(SI CE) ggt aﬁc n ragflc Al ert angﬁ%o‘?lﬁi@??(l)n Avoi aa~%%ﬁ§€%@i§?&g§d
Mbde- S dat aModBsS messeer ccontains § cyclicnadyndasey sheal @4pdinierthi detettive cdde itght

range of t hpfevatletroAédusaffoyBhtondForh bERE Aickived by BifaldcmapCont rol  (ATC) ground
stations. SKE data is received fironn other aircraft currently in formation

\lNi th tpi S aiht rxaBPS'E@él?lehMﬁ&lﬁthaﬁsa? izsa simnf?:mrfmmmigemp@é rogﬁgﬁdm%t hin
i i ; .thi t AT tati oi se.
Because ¢ hi SI4b 59 GBIRH CoHaBlAERTH R, A i5cablec ARAESs o URoBe, miple
ol adve to grber el anant . eyt st LE AN arebeied AR 1)
rcladve to other .adjace iretnfl,. e total set of data collected wi
cont ai n dupﬁ%’é?goﬁfoén%ﬁﬁﬂggﬁ b’h? é PERESsathe: Sispd fatasandhdisserpipatem o,
al gorit hns " {tekringi kemmmadnad foemation elenfent mstsr Cleaddr$ Cton ghalrifn PERRRR!

i nvention) %wse%%%él a{'o?lattgt; s total set of daainto P%cgi cal a%.dnd
consi stent StDbQg ™ J’r‘?‘a = ut‘,‘hat eliimnate duplicate data and
resol ve contt adig:z . Sevel.al. subsets are.involved: a subset for

ot her fol |l ower a@ﬁ%ﬁhﬁ?@?ﬁ‘@ B?Jém? g?\'i:ﬁgf PRIRESH RFRvenfs siugle peints nf failuee

ai rcxaf 18 aandubmaides othe| Sexdbilityr ©f gfassing) MEL 2250 fand' cellloidailérd (4281 Ak ] 94yy and
a subset f QespRhtibiiif t&&ﬂﬁ&d&&(ﬁgﬁhésight range of this alrcraft, but not

associated wth any toncnation. ubset of information will contain

identification gglf@inPOf) EQN i ata . threat priorjity data, and
i nfra-fonnatian da?gn otr% epggh %%%Faﬁltgﬁ%dq Epphie itiep cof 45 passive
i ot er' f acesumeiingreyyisteneofihe prtsedtiinNentopitiarik nbed @ st QbK i E?-OLQ@!:.
current nmoGesiaRicaOP Phediye0 ei;mﬁgl FPCAS Control | er 555 el ement receryds
crew conmand i nputs and data tresi Bniiofshsrer means that elese forinatiomviebltision
| 1IKPCASP- 1 3vaidpiice | cpuhe sitsimed withait isttive-TCAS-trafht ﬁbﬁmﬁﬁug&m
04=01- 2001 ¥onveRSdray 0459 4 ~=~| ~~~3 P DESCPA
La77r 117y 1 n . TRASOP3dive furvelllanke can ge achieved through Mode-§ transponder

GPS squitter broadcast and subsequent TCAS reception and processing of that data to
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functions to activate. During infra-formation operation the I
ContHoP1-eP0855 responds to crew i ngﬂéyw/%%ﬁ at esﬂg:o Lﬁag&cﬁ\@ﬁ$6PAMD

fly the ai rcr afB*4 formatj on usi ng data fusion inforrrat|on tlona1ly,
the | FPCAS Controller 555 interfaces with the FMS 565 passing it conuol
data far fli ghhlsp*agra‘r&gﬁrpggggncoordl nated anmong other s aircraft is the
I nfra-fom-ation additiozi, the | FPCAS Controll er 555 respands~ to crew

mguts to tnsblg or 1. ™ mdﬁﬂﬁtcREneﬂhﬁﬂh nﬁnth:}.duﬁaﬂdifrtge g&aémehveﬁMra tAmthbm
Mode- S Transponder 360 and TCAS 350,, This, w n

eneny forces tenldeb@etﬂifﬁfﬁﬁﬁﬁml“’&f‘p“’rﬁ’?‘%‘r ’tﬁg‘éﬁlgbﬁ %ﬁl’?ﬂ }'Il? i‘l’%\?’?‘
aperations. %{ﬁ%ﬁ? ap&%vé@mll%ﬁxﬁbe%wtmalmbmma the TRl HegmBiéE

Fusi on ~o |nfor 'on and PCAS Contr ol gguts ~0_pr~0ccss control

| aw al gor i tklrrsLtiaht Airorafi 225, Gell Soewer Airerpft iNpe |l (Radcand £ cliFrilopsy Hirerad No

targets for th tic Fli
apparent to th 3 W?Wﬂtﬁhfcgg%é‘og%gu% ?ﬁ@gﬁﬁ%ﬁg’?i&n‘l&o@?'ﬁ%‘a& and
conventional Tgé&d xﬁfteselﬂamﬂbed)yn tleteile Cortain waffc iconttdi System, tranbponderst yush as ahes

of the present M%&?t | on u?% ‘ﬂ’t“ir i lﬁé%ﬁdm%t °w&°%5éésﬁq afﬁrggpe

art while also equil pment such as
AFCS 530 is a mmmmeadmmpedcmthtthaudm of tife] farget aiycnaftr oADSS tmaysages tare

T AFCS 53n°r Bt raptbie s fapRer e ¥ phid Sog5 e pRucilfed iy,

the | FPCAS ConggQl pekigilisally ener thioOtines panmohd,ttndscmmnrthé tairedaftts pecgnaphic

e or o RO o] MR By i B s e e

di stances. . ThighCiiehtifidr, dic.spf g respective @RDiafl. $ach M-Bmmwemdmw&bmyads

t to i nput £ h 5
o mvanti onal | aRrees; EFF; B Rl nhbdion" SyRl ple, 1 >33 deat Fiigh
routes, andsl aMmmémndSymm M)@mdmva@vﬂmm intediace, muﬂa@-swmses-
recei ves contrg fivm the. 'EW 9?&‘&@ oﬁé %ﬁ&%&éﬁhb the
b iscfhcy S, privide p B

coordi nated fl anges” among alrcra e 1nfrra
formation. TheTDiASpéqaipped eireraf}iinproemsed: layed inttmwbmt toobedier| engblera Hight

processing funcgti O{?’hm%}’ %‘fay %ﬁnﬂﬂsorgﬁ%il%&{ QirkeBf TEASMs1CIEWai a{oﬁrb

exanmpl e) MD 556 rocessin emonc receives display data
from t he | FPCASfSmnt totdceive aﬁsh@da-mmmn aBd Gompntet the pesitionsi of targey

!tfla?nprl)c;[g S é‘%%g %;Fgg&gl se r'es ﬁ%l%’%@‘(r)éfaﬁwggf mealrlﬁ? té%kﬁcor

i nproved sit uatalodettd Snay thie ADS-Brdag mogved frem the Mode-8 GEASPOM‘“PW ’362) to

- P~ .~ 0 ~derertnind WhEfeTin &k&aﬂ%iél&ﬁ%‘thaﬁeaﬁsgawsfﬁbr! eddef alfcraft 225,
~r1v/ Frv~r rv. rrrr. Jr~~ ~~~~~~ 4=01 1PCT/U89/30459~4
~—i ~ 2~-~ P DRDEAigROPlYARS! o‘agmfﬁ 1R FRAA 3R aRY Brouad interrppations
civilian a'rCfaée?n&w thé a6 amneyqﬁ eVardGindtiy A0 ASAR Ara¥ie TonkBE 10
farntaaon aircraft

ets on their VSIITRA 600 (see FIG 6). Because
f orrnai i on2&i r decigher mﬁunletretpavsmng verysenall prgh. ms a7 jagenrady; paint of wisws Kae
responsi bi | i ty,Qfest (feR@0 428 GHs/AS am%&fli b;oqdémﬁsw%n&u& ﬂ%. Bays3)a

The TCAS 3%0 rece| ves and processes th DS-H i nfornmation an splays
relative aircr¥hich Mﬁ’é‘rﬁ‘&?‘aﬁ%&é‘}“ﬁ%& W°W3%M@%}Oﬁcmenww|

Speed | ndi cat ojnktéadbf & rmmlmmwﬁbﬂsm rd1dveChl fiilieVaithille ratll) PdhgkNfnd
TCAS of the present irwention is cga,chh gured faor I Fl'CAS node, resol ution

advi sori es ar cTeiatiNe yelosHy (raagerately Espech 4o forpgtiomrileag ajtcrafh, rase aﬂtcrmc{ﬂhton

tho cell. & Causidifly a'cORisioh i8the phesitl Siveiiion. © ORfhr Bhinesdls bF B hibOwifcERH 4
of the present invent o ecayse resolution advisdry iIs desire
ot her colli si off*d cgive intentspd closyeaatenr kex racci ver 510 omul-atcs GPS

squitter broadcast de- raaspoadcr 360, which are key to
ensc~i ng precision rﬁ&égﬁ%&ﬁ%ﬂw d‘@és[@a;htrecel\he steering datak dor

w th uni que synbol ogy as descri bed herein. zone marker ~ o receiver 51 O
updat es 100 nm out appear feasible. However, it wit! be dependent upon the
RF tran.'snnit power levels that can tx tal erated for various m ssion
scenari os. The L3 Conununi cati oas TCAS-2000"(e.g.) RT-951) and Mbde-S
Traaaponder (c.g., XS-950) can neet the unique infra-formation positioaal
requi renents described herein with SSUBSTTUTESHEEYS to the TCAS-2000
unit .These changes wi |l be discussed zo in the follow ng paragraphs. A
:f-f-P-‘r’ﬂi. —mpnemnent ed TCAS- 2000 ipgenPiegf elglpte TCAS (since it is the nost s
recen procRJc put ot her TCAS systens can be adapted and used as wD in a
manner well known to those sldllod in the art. The TCAS-2000 is a new
Traffic Alert and Col lision Avoi dance Syststn and is avail able $om L3

Cor nmuni oations) the conpatry that al so




za devel oped the TC.4S Il. Standard (i.e., before rnodificarioa a
desgaigaegbdier eddard CAS 2000 f eat ur BST/HELAUBO4SD ner elgileg ,gi g@lr]ay H(ZJnQESQFWD
nmto nmeet Conmuni cation) Navigation) Sttrveill ance i ¢ Managenent
(CNSI ATM raluirements; variable disptey ranges (5, 10) 20) 40 and BO nm);

50 aircraft trexdasplé Blativietdiimds Avdrelative velozity) drtackem the ModatS, sanspander361-of

2507 m o) veRBcRRP B, i aronehhe et b EpdrdRl el B A0 plealh bl

maneuver s; escge‘g,ea@,nefuyeimqﬂqrm%aﬂ}{zn Suanaﬂ)althd ModeSnehreipaneet 361'kof foligwer

T o0 i oy by 508 ek )0 T SIEERTE, el it

By way of i}l ugkhighi A$ Made-50kardponderi dabilinkn) Eachmtms Jos0, pwl,(dddO)sszaai'sdm
355 is added (in, for exanple, $n existin ssgare card sloggs, 5&3

TCAS- 2040 corrpmnemumnatmdml 6ﬁ°‘f‘ﬁ"PP?%mE)Mﬂ%F %WBB‘?’@F T (360536]1, g, 362) trppgh an
This 1/0 card a&n@ﬁ&m'm%& AL @ath b4 IpkRVAding- AT Otthich i
conmputer to théﬁc?u rcra qg%‘tm 0 ter 410 éll n s_ad dlptlon t he TCASCSE%

derives its préaind, fpasan}n)fmm Dayg Gompyter,(ANCY (4 2sprdad2)s ARS-B
| nformation I SaRE SO maﬁaa@qﬁ Sél'nﬂﬂ mba?l {nfbriaad ﬂlg%'éiaﬁ,oare gkg\g%acmwmprehe

aircraft's GPS réecelver and syst ens 330) The L"O car

acconmodat es afrom\Rl GlobabNavigationf %psdhteo?me:ﬂemsl NevigationSystem (GNFE/RNS) 6330,
establish its afif 39 %B*Ua&@'reoﬁa&wggsb%la% 3k7) §W§#ﬁmm gdiint Ky88m

receives altitudé fromth S Tfanspvn ~ a via a high-speed
ARI NC 429 dat a(FMS), wmsenmhawn):u@rtg eenhelvln@tsmndq (301 361,tegd 6%)e| sely
cal cul at e exact range, e- rate bearln and ative altitude of

adj acent, cell forrf&!q disgrley, ‘%P-‘ﬁ’bd? °fd”‘P'H eToasn Aereft gilaty it

Processi ng Un|kllgwnghpm%@hmﬂemgm@ecrease the average fil tered
range error from appr oxi mately 72 ft to 5D ft. In ~e addition, a

modi ficatign to therfORDHROB i wt@fm&ﬂeﬂx@s@ afslebrh RPEAS "cxtended length"
Modo- Sel ection option and to add the O s-nmrange,sel ection gpt so 25

so A pref er ghl sauieymessagess idh Extgaded suities airboree, pasitian; {£) Exen

(MndeS) Data Ligei ra@p%ﬂeﬁd&pm&& Rrfack Spoetion; W@a)clmxteadad squ:tm am:raﬁ
"full-feature", sys emlaa~r(9h§ aII cu utltﬁd.efl

functi ons-but itFtticsten; @and H‘Wﬂf for formanon iy Pvan‘hon
bcecorno appar egtimdrily ubédsmesskge foeslats’(1) el @) for pubsive ailiegne Snplenaitions dad sre

Fﬁncgﬁj ﬂﬁggq gnd‘;ﬁr'}? resEnt k)onventlon é1)f{dm%lggl,ﬁ‘?ntranspondgrs are&&%
pos:jbl:;)nt r;gglﬂ&:ﬁgg;g&ﬁl&uﬁw{ﬁk\dm&%ﬁtmeﬁdﬁh Ehgﬂﬁﬁﬁ?@ﬁlg.éﬁwﬁﬁmc
Prarfic controferpabrassy k), ot PLORSZ of FIsies Laby 7180 tiARiCs A
described in [IRMWONHMQMWER (ATCRBSIMODERBY O Semninesr.t o ARI NC

Chatnetd3stic 718 with interfaces for current sir transport applications.
The Mbde-5 tr ansporitherextended ppiitier mtbomewﬂmnm«ggandmnnmﬂmnlmyhaxﬂxem&mﬂ

| engt h Mbde- S .digital ss 83 | xt. |rcr t and ground syste | ~e
data |ink f)rO\}l ﬁlgg" r %quﬁ% %ﬁﬂng’(ﬁ %ﬁ?ﬂﬂ?ﬁ%@
than i s possi detived ﬁbm:nher Wmmaﬂystaﬁi!sccﬂﬁ)dmd ms; | OTte éxteride@ squitter fot

conventi onal K | [

inhibit Ar. Tr agﬁ C p%aggo%ér zg'g&r# %?g%"méﬂ% PWC% é?&@ﬁ?bﬁoﬁ’“ﬁh 8
sussTl rurs sHaEs format mdwn kb thbse Skillednin. the art~The messgge is émitll twice per' second at

- T =TS dond intervdld Bt Bre unifbrfily distributed over the range 0.4 to 0.6 seconds relative
30 to the previous extended squitter airbome position emission.

The extended squitter airborne velocity message is emitted only when the aircraft
is airborne. The extended squitter airborne velocity message contains velocity information
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04- 01< 2001 -PCT/ US99/30459 < ~ ~~_, ~~ 2~~~"P DESCPAND PCTNO99I 30469 ~ = "~~~
t epbitesl-201 e in the | FPCAS oper at iRSnEMNS994¥45%0 fﬂjrtp uce BRR{ER AM
"level s) the priegsetss i nvention further conprises an éx @&n RF paRes993043p
attenuator) which requires a change to the TCAS RF board. The Mor'~-~ RF

power transmission level is 640 watts peak l&%l se, 250 watts mninmeun. An
ext ernal at t erdgeivest frem mirceafy nayigatonaids €GPS [S)- s The extended squiserpdeme velosityn

| evel s for cl roilrgH Al o Ch . fb&ﬂ&nﬂ' t ' L:Ld of
det eooi on, an e%e lec'gs %lt%ﬁgglchgg%fsa jac%lggtogﬁ?tclgg “Fgf?mﬁﬁmr‘ggmlé“y“
desensi ti zat i dorm#Dknywhhe thosensdlledninghe lart] eButemessagegis, en®iRed itwick Ip@r s&ondiek |

transmt at hi_gher S |t Wﬁf k1 "
formation posir%rq‘a{\'&ggarll?‘f}%?wvﬁ WOFEQ st’ lgt}ré& ?)err%? ﬁ%‘ﬁyhgatgcehﬁé %éféﬁdsl l}$la|T=‘I"f3u
2). Nv nodisfi tathepreviaustelkteni&d Quitten pirberné velecityIudsibnlbde- S t o t ransponder
Is required to broadcast GPS Squitter data because it is already Mde-YS)

IICAO he\(/?lZ;l gapablﬁis(imwnant’ltwarmrﬂmsd ithia ﬂanﬂiCAﬁcwiitstSOl@Sgpfm gidzttmﬂﬂtér\:ver

engt jt g . In addition t ardware nodificatiqns to f

conmerci al | y- i a@?g @§320?ﬁ?5?%>” St RSPV BRSSP ERIRE )%“’ts"gﬁ 3?&1% actively

mﬁdl ficati ?nls ixite-n:g_ataa&ﬁeﬁararml nzltnﬁ&&nﬁa&ommwﬁr theCTOA S iRd M&ie-§ or

t he presen nvention to ralu e, i n sar.y _evasiyve maneyvers

and al | ow cl ogén%?%t’%b&ﬁe fﬁ‘?f‘ﬁ 1 Wg%ﬁggéfpﬁzﬁ%gbﬁg%&,“ﬁﬁ/ %&g’ﬁ'ﬁf%‘) a

o iR A, Aot T Aot SRl
muai cat i ona e- S torangpondor .product aq. - . 1. 3

be added to t RE¥entiny a"’s@‘igt P’%.&?ﬂ?@%ﬂﬂﬂgdﬁ" oAy SB%%HH% |

provi de pil odgpgeat or situativnal zo awareness when flying in a formation

of multiple TCAS-equipped aircraft. Differences between the | FPCAS node of

t he prfs?at _ ![ n\éentBﬁil&daﬂdedab-S:mim' t_tdzmn:a‘_ Imﬂ'ﬁigﬁﬁimpamﬂl iwuigm)ﬂsamhd_ 'tlnml soliggiorb Ut

are not limted.to: 1 nhi ; | ay o

i ntruders w tﬁvo\}#aghc%t\’tmo &M ?’o‘r’l&%Pb%e%h%ﬁﬁ*%xf%uég&g&?éﬁsﬁt%&ﬁm"

pr ot ect ed wol fommation uestveithio the ledges formaticont grovgr. | Therintea-fortation pogiti cnigCéysdm

vol unme; centered r, Same Rositiani g, f display wth I

appr oxi nat el yprﬁﬁ.’ﬁ:‘)’{ﬁ%nll’cé%‘f‘éét | &ﬁgngg)?@ggx%ﬁ@f “ p?BéPw ?fﬁ’@m _i%d’qhﬁfge

ri ngt (e. t g.) BW0gest )lmponﬂws_lﬁﬂ;-lsi‘ss?iﬁay Ti;& &D&ﬁzgh;pmaﬁmumpemggﬁsaion

quanti zation r NI al er

provi de r~solﬂnll%§&c§gg‘t {)retﬁgtge?m%e’gagﬁst ag?:lg e. g ,'&%oﬁ?ﬁ’)‘{%&&fﬁ‘oﬁf‘

annunci ati on %0 meintpins\cell\pesitiening using theoARSHE info: that ifcperioflicaliit broaddastoe

FIG 6); ut ' f Bt ¢ T g ecessary to
i nt erf;ce%]vi t%%%@/’%ﬁ?%@éﬁ g@é‘%@?ﬁ%%g&%@%‘nand rmdiyfy Mode- S
Transponder sof t Wag Ge. 50 €to! P1G.N4) Bicke A s lahi! diefraltl E&%ﬂ&aﬁﬁﬁﬁ%\%ﬁe

Syetctn (ATCRBS) response by followor aircraft (only the
transpoader SRYEMtioR When o e IRPGAS saode, A misson gomppter (410, 4X1, ad 413)

those ski || ecand/SKE380] 3812860 3§39 icommibicRieRGihTerebebriva FEAS (350, 351, and 353) as
~~w ~Xiibu -ttt 5'%'3;- ~ ~ﬁaF. ~=l 15" 1'' r}%% ~ =ri-i~rt=ji‘onr~~annoG
mnGn a a Jm"’~Il"°"z\)‘i)"“-". edreaslicy; with jrpspect 19 KIS, 3. QAEWIQO%EMP@)SMWSQ
~ 4 ~~~" UCIARAIDETERY e~ AN/APNIZFO dvailS10 1RO Sherta ResaRb! &t aiodioy kfo gp.-sg
apparent to them Baoth TCAS-2000 GPS Sg'gé(tter data processing an e-

ext ended Ieng'lf%h‘?ﬁig%‘&b@%ﬁﬁhﬁ‘ﬂga“%‘“&nf $KE areonpoteeessans fornan understanding-ofs
'part of TCAShepreGenthneson: mﬁfuearee m%’ arh O tHi Py steth '
prese~at inve tlplgn as descnri be abovg. The s exi%'tsi ngﬁmﬁgﬁ&%oo
system can be’nodified to operate i ~a an 1FPCAS node whil e maintaining the

normal TCAS node aof,  operat, op. Nommgl TCAS Traffic Advi soryl Resol ution
Advi sory (TAI RA) Cﬁﬁ‘gﬁﬁf pRly R %ﬁ“mnt%&p?e?eﬁmé" Yclazge formation
i Nt er r ogadei ONEgABIOr GifcRARY Cersistitly i FOmMILPRE forinkGoh uwSeS WHRIE opétate I8 a similar
transponder is conpleted and C@I‘tlfled t,0 I%Péq?l% the FAA ~o requirenent
f or software"ﬂ?é’f}%‘i'oéweaﬂﬁ"% ance appropel couldbe equally, effectivedn enshling anultiple
coxnpt at ed oforR@Eibas to RteriyCArRS ialbiaiNRHREtON podciﬁ’én/&?w&?u &?ecéﬁmﬁséﬂ{éf
ocated on the firon

portabl e data | oader, which has a data | oader port
connector. All of the foregoing software nodifications ate well within the

skill of those skilled in the art and thell3- i npl enentati on Kneed not be

di scuxsed in detail. ~s Rcfenring to FYG 6, thet.”e is shown a Vertical

Speed Zndi catorl Traffic R-esul ution lSar TRA) (or Traffic

Adyi soryl Resol uti on Advisory) di splﬁ@g&%&'#%‘ﬂanpe with the pit

| NV.ERE O &%ﬁ@ il lustrates ea exemp|y YalddR A display 600 with AT

f or RETH & (610, 6~0, 630) i1dentified) such as fornarioa cell
aircraft (depicted as airplane icons) and |l ead forraation aircraft
(225) (depicted as an airplane icon zo inside a dianond). The VSIITRA
di splay can al so show different synbol ogy fox foamati oa tanker)

. A o | ==~ AN 2 ~ A N L



- F~b G~ Irm@sil BUbrEr- ::—go:::{ ~~'| .SUBSTI TUTE SHEEToAMGNOED SHEET o, jrrO e wnn

e

YL5@j4~O1_ d(y1r nr.w -r. .J o~ nr. PCTfusgg/3045gv VRV VvV ormr.v \PDESCPNMD
Vioy.J VI .ialdvTt' t W Hl 0401- 2001 PCT/ US99/ 3045b4 pJU4N 20081 203 P

DESCPAI\/D ~Z~~mB€i’I US99/ 30459 indicates own aircraft is 100 ft P&‘E‘GJ\S@QM!?
| ead aircraft. A negative.nunber 652 indicates that the foll ower aircraft

620 is traveling at a |ower velo han the formati on | I_rcraft 225

whi l e a posi tﬁv@ Rt Bte ‘rOchFF’c‘,aIég lf’ﬁd{l %" faﬁhﬁ/\ﬁf%%é"j&&%é receive

traveling at J;,lugia,ﬁrcg Er'réaaat.émslm ditih fofirmatioind @aerafetéeding c3mimands that
e

Simlarly) a néegative relative |tude 662 indicates follower aircraft

s20 is 100 ftwﬂebomsmmeamvemmrc&r@ mamer xhdescrbed Ave¥ent makes the TCAS
a val uo-addod instrument fur the pilot flyin n >tc formation profiles.
Rel ative vel ocity Anvostes Barmatiomiradep fsepaf-&i gﬁﬂ-an §1%b§éf>8¥nnf"m¢%r“ﬂﬂigﬁ ?ﬁ"ng

arrcrall e alyg AR | Phe W S50 g itieHishidh Didpbibk 9136 (IRGAHA0S B

convent i onl 1S awar e | nt r Tango and range rate but to
di spl ays onl ydcrbiedrtrmhldaﬁand&evMEb moiksion aomputen 413 qaersakectv@rmmwilge @s‘!)’nt s

a threat. The TCAS di.spl ay of sgn e [ :

i nfra-formati Bt ﬁHﬁ@ﬂo{)?B?/ s%'@fr@{&oﬁ EE:dg*"ﬁ'gyarnér:l('::ﬂr)a ?s%lra(\;/he a\'é%lsgeﬁt;l/m
(650, 652, 65mhKsrmatibfiich be uﬂb\dnbd Py ithe MKphiaymdcdmgu@a#l%/wahm&ylmttgmdahc
relative altitude dat (6d0

i nst ant aneous®IMBHT dg‘g dﬁm%ph ‘qvgfi‘@/%ﬁgp%ggy ¥ nﬁn al rc?‘%?1’?'9"te"y\"u;Iaag cell

f amat i on)o ~sfonnyticn Rederaviaiawerdhigh dequosy{VHF)data 1isk 3801 Stscring erimmansls lagad

' R ' i t.h dj l.

For mat i on < pelbadRf drot i VHLE Yo el 164 B0 el direal, misklobooipoer 41
for ell the aSirnﬁ[aa[M thencélDleamtéri dircrdfo mkgiomoupimek ﬂbl tie provide gindraftrgaiigeceent
t th h _ai I t h T T Y|
500 of ' the. preacandsy BREroRateq SRE 3410 b the IR7pceld o Y ssbiiblad PR s™

should elim naﬁle The mafoMpwaﬂ&miﬁmmmmmherosnﬂméim%ﬁKﬁ Grnangs,

reduce craw Vfreh FRnk
1IMC. The fheth xﬁqggﬁ%esent I nvent | on&??{luows ?ﬁﬂﬁo ove eéscrr p{t?ﬁni.%
the systens eu}'stmh mhitectwncbhpwndlcsﬁﬁ bibds ilinstrated sumrsheylEﬂCASr&ommlém Dats

section, Ref n 7 f

i nf ormati o~ ue% é’gs??n &ml Laﬁ@ }%ﬁ%ﬁ%y%%@%ﬁ% P Lﬂr Jg@or fret) on IS
di spl ayed to fuheticmisr Mmm::ogmmmmxm cgh bp used @@isplamhsf@pmﬁ@ﬂcﬂshe
process of d'%e leg@ﬁmﬁ ORIV BDA! Sell SaiRfdt TFCAR $irfls 60l N

TCAS conpuner and follower "aircraft recelves Mdde-S Squr tter
(ADS-H) ness agpavéntionalFCABtargeter to the pr ot ected vol une. The VS1."IRA
di splay provides pilots situatianal awar of formation aircraft

position and an audi #vimpeentJo; Aete CQPFO tign of formation s membesy; gan be
protected vol %Bﬁmﬁﬁsh@%ﬁﬁgwqwﬂlbﬁ M@&icsS afidrefaahatds wahcm at mé%psﬁdest

vol ume. | ntruder rang uantrz,at,ro IS |Ittred ovrd i on of,
for exanpl e, %hﬁps 2’;5‘1%5‘1 Tﬁ’d?ég‘ ese Qfpeany 1
SUBSTI TUTE  SHiehaktai u¥m¥thé?tr 1t ID;-which iy lso hmmﬂu&aypafof the Mode-S ext.ended
Prinfia~r~t'17. G‘~. E19r AVENF | Ef ~ CNFT vV~. . ,

. T _;_35_~_len message. - 1~ ~ ~~T ~ ~~
a~o rr-rvu  n_c 04-01- 2001 PCT/ US99 CPANVD a sa
PcTn~s99r ~oas~ r aryen-alipn Kaeping “éfﬁfﬁ‘%oi‘? %%Ogﬁarfﬁﬁ]zg’ﬁ?@? g?‘ep
708, the int ruadaredhﬁarmmrrnimé UthétsTOASWp’Nd hhker%deuﬂimidwss AlliS-Bnd
stoned for fur her rocess 1 he TCA proce sor acce S a
| ook-up tabl ‘bf%'ﬂ@‘ﬁﬁ’é‘fh‘@ﬁﬁqg‘”ﬁ fit ?i"
(FMBR) ar fordaaids@rbrlmmmb( fridioiitted in ke Mote s@ndacmmne.i SSIiEhdﬁ)rﬁﬁatidh

30  keeping aircraft could maintain position and separation within the formation unit by
receiving Mode-S squitter ADS-B data from the MFL and/or cell leader aircraft and

reconfiguring the aircraft’s mission data to comply with the Mode-S squitter ADS-B data.
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3 Whether the intruder is a onnation _nenber accordi nﬂg to the Mbdde-S address
¢ D. OAf0O1-2P@1 | %&g&ler is a FMBR, thedlPbASO/30459i ts, [ éf gk c 2003ty e DESCRAMD
FMBR bits, in, exanpl e, the ARINC 429 are set in step 714 and a =~~~ ™~
TCAS-to-display data label is assigned. In step 720 the relative altitude)
range) range Eﬂﬁﬂg;ﬂ JRBRSuls Wkl SUiBBHcE RBmARdS 85uld Be [RRrARING 129 misdoR
data | abel assigned, The intruder data | abel assigned in step 720 is then

t L ansmi Ei ted ~oornpmemesix1$|8fr?md@irslpﬁéﬂyAES€B tracksdatgy Ty is apgther exasniewhene thed
ot abase t hat S0EYE Rpde BrdSs B b Ged & S{Rudy pck Shhole Rorilon plE "

716; the infogfméft.on is updated in the TCAS intruder database)

specifically, the range) range rate) relative altitude, altitude rate, and
the bearing of theRéfetringdeFIGThethenstipshuwvroin erebpliméd ot FPOAYadhiteehat ap

720. ~ s R-ferri agai,n. .t 0 st . A i SiLen. . her .t he
intruder is a@ﬂ%‘i"ggﬁh %rfﬁésrcgg'gg%}%gflngﬂ??@hg "%Zogr%%}dl?ﬁgzgl%%ﬂ&q ﬂg
intruder is nIFPCASOETollensss subjat ®IFPCAS! CuntrohLawsi$s0, FMSI$6S, DatFuiobl DB,

)f the intruder is a FLDR .th the FLDR bits are set in the ARINC 429 iun
step 718 for #8JXgRiey RPeFifig s 720 and 722 as discussed earlier. ~o

Al t hough there are nunerous advantages realized by the TCAS %stem

described herein, Theelatmrkusiono elemest Hv imerfacge svidh pesipherab (digiteld datalink
surveill apce {u%.ﬂtnﬁgﬁcémmqwﬁmcﬁ@&w?mwmmmm AspohdeFy68! VHE

advantage 1s positional accuracy is substantially edquivalent to

t he | ongi t uddPetadinkRadio20p SKE: 380, and Lone Marker Recoivern§ 1Y The datarpollected is

aircraft's GP, j e Slrvel : r ' i f "Bﬁﬁénl" i bhin 2

root nesa squ@r"é%g@}gﬁﬂge attﬁﬁgﬁ)tﬁk?ﬁ?%%?gg%ﬁ%ai%% nt i OEQK%IBE{H S

because TCAS avdiTreffiaiAdert andiCollisieal Avoddagee Syem (TEAS) anddviodsaS deaygdrs dasisB °

posi doaal datréugmmﬁ rog%é aﬁ@ﬁhe@ﬂﬂzll_"ﬁ'né GF &B%‘Hr@?ﬁ; @Lngwgﬁ' es
a [ ed’to the

. t 1
processi ng of | east targets. The nunbDer ol targets spl ay

pi l ot wil16 bdrafiernopbATChemord rtations; SKEsdatigarecsived frase pther aisgraf cumrently

within a so |- fals (g ch"l%"hﬂ ¢ I; 4 o
aircraft, an??%??@ﬂl?ﬁ ude. "?Eggm%§a§frxfra I{V&?grbgle‘%m%rﬂo%z&sﬁsm%nand
di spl ay capaBineiof §ightyange of thigsirenftas wollms fromsATGigppad statigngr af t . The ,

recei ved TCAS ADS-B data could be transferred to the aircraft's -2Z
SUBSTI TUTE SHEET Begause \this data- is; pbtained from \mpultiple\independent \goyrces, rit representsr m

o L 2T o ittt A U the ositn M Jate Wk .8 kol 1plaO Y othen ipeMhrcle
i nt er f aceof oThe detalust ofwade calicied wiliroglaireduplicain dath asi Bossitdy somg contradictoty t 0

mai ntain air ft I g t ' | i .

Prmoesscd , ADS-H _P%o#’grrig?i %%or?ﬁ%?\@%eté%f% ’?ﬁggl rcr ﬁ"wﬁ%@% len Fesent
vertical posinvestitnigrawseddo iserrelatedhis|tgtabset iofideca ingo logiend apd consiatertt ivabsets of
aut opi | ot or i Fhirkaibh IndeaBindthdts Qbpicalddiad Shd feldivEesitiliftiory i) - selefl d

maj or gdvarttagc i s that_ passive surveillance reduces RF em ssions an

contribut es €% inyYelved: 8 sybsas ferether follgwerr eigmfemoptly inrfommetion with dhisfollawerar e
not requiyed S, i : A GeRotidinap fomatibie: ' i =

ADS- H gatzg. %a%gﬂ?{g%%?&dggﬂf?ﬂ‘e‘rﬁn;t ed at Jé]g% omi ntb ig’\?yﬁgﬁﬁ %?%??ﬁﬂ

di stributed &vthe lineefnsight mpge ek thip piscraft, buh ! assopiated Witls any domugion. THagh |3

Communi cati o - a8 Remd jos I g%’%". t HesSehv

for inputti ngﬁsérsl%??’g%g?ﬁgti tugg‘?ﬁgpzrl%lggga, rr%%}ﬁ I (ﬁoﬁe%ﬁ% ﬁ} gg‘%‘n%‘é%q
flight path, prentyidetagknd intraifonmatign datafforesch sincraftbst of these paraneters are
provi ded via G obal Positioaing System Navigation Satellite System (d v' SS}

and Flight ManageThntiFBYASeGuitiois) .5Baintsrbices ovith! péripheral daniliak Caquipsieat do be

derived t - r.d ADC i 40 yia.the Mdg- nder, i rface.

Ot her varT at ?%@Bg?ﬁﬁ%&wgtaﬁo s °)(;f°%f OB e?&?ﬁﬁ%l&%&%"&ﬂ Egge"fl"m’m
apparent to tckeises ctwsdomrhandninpite and idatasfnsion tnforsndtion to dernhinefwhitle IFRMS ded
clainms that such variations and nodifications be wered. For exanple, the
antenna nounting technique taught in U S. Pat. No. 5,805 ) 111 could be

i npl enented in the present invention to extend TCAS zo detection range. The
particul ar val ues and configurations di sclfssed above can be varied and are
cited nerely to illustrate a particul ar enbodi nent of the present invention

and ~ not intended to limt the sc%gﬁﬂjﬁbpmi on. It is contenplated
that the use of the present invention can 1nvolve conponents havi ~og

dieﬁ;}ﬁpmgggw eristics as |ong,gs,\Jheniacipl e, the display of traf$c

advi sories, ‘resolution advisories, proximate tragic) and zs ot her

i nformati on obtained while using a passive TCAS and Mdde-S transponder in

comuni cation is foll owed. The present invention applies to al nost any CAS
systemand is not limted to use by TCAS. It is intended that the scope of

oy S - 1 o oy



Wast 1§ ¢ldaimed I's: 1 1. A close formation collisi orq qvgﬂi,gaﬁrfg system fox a
hoso4fodk2@ater aircraft (222), 2 ~ FHI/P$898RAEONDri st ng a ' f 148t dat RESGRAMD
transponder (38847 said transponder 3 generating and transnittifg/brdaneast
data) the broadcast data conprising aircraft 4 position information of the

host foll owex aircraft; af£] G t . col L sd ~dan
(TCAS) (350) | S st Iémh’?‘?? gng{acfm?’ﬁug’r?gp‘m*r"g%o'rﬁc g??gggl §,9$]%b“§]§§3
processi ng t heespoidsimasewdapets fagd rctivatee doamtrol haws 560 ito }ﬂvahs pierdB rin (f?’t‘r&'ti)m

| ocat ed onboard, a | eager aircra 225)..to,det.erm r t iV jrcraft .
position 8 of UM 4‘?&?‘5?"& ‘PERKE‘P“%H(T%?%P?" t erlgggggte?%ﬁuﬁgsgeg’gﬁms with
ai rcr?ft; ? ?Iﬁﬁpﬁmt Glcﬁs)l(g,l);sg“mg it9cahtrd b?fgiﬁﬂig}e plnnodlhg&;’: ccg)adinatbd) afidng other
operator o e host follower aircraft,. the as co i sin
R B nt e 1ot ibthe Hta REnRionJn sisbmdht ERCAS Corplrsd rpopis & o

i nfra-formati %}mﬁﬁ) ::A le &r" mirdiize( RE Pmisdiedst Be sefdiag aon@sll agd thYthe Mod$§ d

al l'y de

di splay synboli‘c picting each of the infra-for %on foll ower 13
aircraft as afranspondes360 ﬂ@'@g-ﬁ\ﬁi%"ﬁ- dbjsvall minjmiae theability, ob enemynfgraen to detect

relative vel ogi.ty. el : tion follower aixcraft
and said 15 I@Eﬁg‘f&gﬁlﬁ?a@@ﬂﬁg Sy tr@%‘dﬁb@r&%ﬁ, wherein said data
link transponder ig.a - ect, dat Nk tr r h m of
Claim1l, wherein tﬁ@e b&g’%g‘mgg{ g'aévgn}f)droi ?gsc%lrﬁog%%cm?la%péﬂrﬁd?r@%m
surveil |l amee lnfomicivat ardAIFRCGHAS Controller 555 imputs 39 progess torthad i law lalgaxitumse: ithat

t he broadcast data conpri,s opahk: b 0N] : )

The system of cwgﬁﬁaf%ﬁgrﬁle‘t W@%@%@?‘? %M?@%&%&gﬁgﬂﬁ%@% er
2 data. _ 20 Systefd (AFDS) 53063 a ndanerTapparentsto dhose fskillied iinrthie, artvhBecaise thacahtrol
di splay al erts an operatpor e st f.ol L ower i Jf.craf en an,hntr r
penetrates a &%&ﬁg@%&ﬂ%@@ﬁ%&%ﬁ‘ 9 4h3$°a5fkfﬁ°g W&ﬁ%ﬁ'&%& ﬁ°€"5°rlqhwss‘? ¢
the | eader ai @t t in®ékékicinh erep kiniilaklyt npdéméntdd by f thosen iskilied 4nf hie| @tvavhile also
aircraft, 7. The st}/st m of Cl.ai m 1J¥&h rm?g\{d'ﬂg ggﬂ}g gégxl. Imc‘gevs tional
conpri si nd?® (#5c0untng Ir expemal Gouipmien ésin erréggﬁl i Trom the foshHe

fol | ower ai rchindrafti sutdmbtic3 fightbberirol astent (hs) proideso Mlightudirectone retopiloTCAS

I nterrogation_fromthe host Ll aj .S, al '
transm ssi on 5"&9‘8"&?&? FSWhe |°é%§t¥¢$§ébéﬁeg%§%%g? ﬁila{g“da@?Féeu(r%!&%feFég‘.l 1
8. An infra-f dwordée taxgetp ot the IFBGAS CrntrokLaws clerenti60do coniral this @ircraft within
formation 2 | eade | rcr.aft | LLeraf ) w

second follo ‘3#?'??'51“(“’3‘ ?‘éég;‘:})u\%tg r%‘! ﬁ&?h‘éc*elcg\gﬁé Pg+ 'rfgtv% r%ﬁaﬂfﬁggﬁ
equi prent 2¢onpirdraft and to mhaintain thatczew-entered sepaeation distanc@60) whi ch gener at es

and transmits first broadcast data, said first 5 broadcast data fromthe
first follower airThaConesliPisplay Winilg¢ODUNSKO arepiartfacesn)sed bipandipegtor to input

vel ocity, and_altitude, of .the,fi |1 b rCaf t . a first traffli

alert and 7 cﬂl‘h DALY iR P8 lgs@étgeér% (%ﬁ 3&8) s § conventionml ?'3@0&/&“ '
aircraft has fhasspemennsystern ahytrprovides flight plandrodes,aand biteral amds pamidsr guidimoe )
whi ch generates apnd 4_transm t n [ aJ n

br oadcast dat éo?er ¢ f?@%‘éi@fm%%%f\%f Rﬁ??glgugo? Eda%géép i@q tﬁgéﬁ)gf’%‘fﬂﬁ 535
posi tion, zheafh fagomphidlo cadrifinaed dlightt pldnisbatecoéhangés dmoéngalt airoraft Withih aleecintra-
aircraft; and_the.l eader aircraft has edui pnent conprising a second traffic

alert and col p@%‘?'avoi dance system (TCAS) (350') for receiving and 13
processing the first and Sﬁcond ,br(gadcast dat a; fur,tgae]r .character,ized hy:

(a) said |eader aitReRsplay #ing 523 fleentds 2 conysntignal display prpersying function

'steering t SheOpRBOAS riesadicantot B8 ffijht rewl A, FHCONENN, QAHDAS30, dahe ﬁi@pl%y

prevent collisions, 16 betlween the fi [Sh and ec"tﬂ%ﬁf{’{@ r ajrcraft; "1

(b) said | ead®ocessing P clement serahyss Sisp P’r‘@"‘dé?’ﬁ A bRt 550 #9d Datg ox

18 transmyd ti pgiddsne fanatibas.asThidadats HORP IhEEaRd! St¢ atewkbngbﬁ?w%Fi$ra&ﬁc
ra

said first follower, aircraft and said seco tid foll ower ,air t: - 25 0
4 J U ~d 2003nfmetien sy WE‘P%?’WF*P BleAT &4 cqagise Pr?femammafc theadiasent rafie o)

for displayi ng, fapravédiihdtiddal BvaRfemst data fromthe |eader aircraft to an
operator of the first follower 22 aircrafC, and
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23 (dy*'sdai o nf'ra~"f or fati"6n posi tion and collision avoi dance system further
havi04g0 -206per at i onal nodes conpri SPEHFUIIL/30459 a f'[]rllstJmp%%vmer%iDES@SMD
i nt errogati on H¥S4thabl ed; and 26 (ii) a second node "whereiln | NREFYSRIA045DN
by the first trafi-tc alert and 27 collision avoi dance systemis disabl ed

and wherein RF transm ssion output fromthe first data |ink transponder is
attenuated. 1 9. Thdoms Ao o R m%?'vbm%'ﬁﬁt‘ﬁg ‘f’?t‘%‘?‘b&a‘?é"’F?’ﬁwg TCAS

transponder i sABS!PWataSedreede Zorfiatien lalreraftt tafgeapem didir VBLARA F0@ (Se6SFEH 6)

claim8, wherein the first broadcast data conprises automatic 2 dependent
survei |l | ance Dpesauseadermation giycraflt arc not1 passinge resplition, edvisorias. rits willnbe etbe

the first broadgastivey o GOUBAIGARGH SRHA B MERLI AN Bnsyas.em (CPS) data.

1 12. The syste I'm 8, whereln the tirst broa a conprises

Mode-S ' ' squitter fatfcal 330 rdddfves ValCpritess MeahMsts WRehHidh afd Ui
di splay alerts an operator of the host 2 follower ai rcra’*‘t% when g’?\d?ﬁsﬂa&aer

pene~at es a prreldive naiceraftr positiany (FRB%N bearirg. aaRd saltimdehtonorthe oprtical n¥pesde

| eadex ai xcxaf}\_ i{@é"{gr/‘f‘xt&ﬁiookégo i %@ﬁ}ﬁ\ Qﬁ@@\g@@gﬂ%&m WhérPht F0Rls G thEpRldm -

26 . AY.A Aa. CAFCATA9( L ACA
A& A A. A3. A9 ingnfionlis@enfigured for ERCAS mege, ety pdvisories arc inhibited because of

o) o2 el i bealapte syt ] oratle bepiload ks g ki

2!31}/ ggu Eg]U(l';J]a]C djoom Uix feptue pE memmaggf?:w eaplution edisoryfis ddsiredrc tosa U]
. . |

“ep4d: UYj | ~xrl ?’%ﬁmﬁwca catj]q‘%}ils cal] caU]'cal] ca

W] cal caU] caU] ca] gghl Grirkélicaiver S16 ahiadd s alpsalduirtd: cotbhdeais atdns & $addes] ©

ay] ca] cal OV(+nof ( !! , . . .
"HY 2" N W ~y s niensponda 3 60a hiqbc arp disy) te FopEingcerefisign airdropa.U TheLTCAS) 358 gouid] ¢

glpggg@c/ a] call gadigakd 0l sl aatdc alth alniqile] Salvoflyy ol SRMIR herein.  ZordVELESSE

WIAARANENER] WIRCPIYER/A KO endates 4O au out jappagy Eeapible Hompreruit Mdll bg dependent upoa e U
ca] cal] ca] caUk«?q}aﬁadzﬁ%bﬁrer levels that can be tolerated for various mission scenarios. .
aU] cay] ca] ca] c*a] ca] c*a] ca] cad&n&&&&&K&&&' ' " " o6 F " (CCCrO ¢, ({vpke

ZU] ca ca] cal] ca] vad/Lgaemblunithaeis] TOAS2ID0 b g2 RT-85 Doda Mode's] Trngdien] c
ﬁﬁ]b\c ?JL]C gaU] cal &ad,c %—&5%5 Ccaay] x%gitc&qugz?dug cigxél'g-)for}nation }33:'%33’5 ' fec’;t’ﬁic’niehl_:s_ Be_s_cr_ﬂ_)e_d} X
V] cal] cal] caherefnoeitf sovbe mbilificafiona s thd] TGAS-20)C anif. cThése shakd ail] badkasjsal]

cal] ca] cal] cal).ca cal ca Uca----.7.?2.J.N.g// @Cl1F1Hlh1j 1r 12111111111
O b aab5) 84 o WS Bt Rprksid

e cal cal call cal 41 HERE BB DS INTLCA RLARECAT B0, 00 B ol
88~xsnhc] W careceat product) but other TCAS systems can be adapted and used as well in a manner well
known to those skilled in the art. The TCAS-2000 is a new Traffic Alert and Collision
Avoidance System and is available from L3 Communications, the company that also
2s  developed the TCAS II. Standard (i.c., before modification as described herein) TCAS
2000 features include: increased display range to 80 nm to meet Communication,
Navigation, Surveillance/Air Traffic Management (CNS/ATM) requirements; variable
display ranges (S, 10, 20, 40 and B0 nm); 50 aircraft tracks (24 within five nm); 1200
knots (kt; where 1 kt = 0.5144 m/s) closing speed; 10,000 fect per minute (fpm; where
3 1000 fpm = 5.07 m/s) vertical rate; normal escape mancuvers; enhanced escape
maneuvers; escape maneuver coordination; and air/ground data link.
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UVU] caU] ca]<cau] ca] ca] calUca]cal] ca] call ca] c caTcalca] caU] ca] calf ca

a] (l:J]QPdH]EJ] aac]rcaﬂ ca} ca{J] cg% ca]] ca]U]caS] %3#%3&5@9?595{}%%6@ 2%103 ] ng IJSCP MD
T X<EVEY===Uu? 1334 W | ga\ V] ca PCT/US99/30459
UU] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] ca] cal] ca] cal] ca] cal] cal] ca
]c a]ca] c”a]ca] c™a] calc a] cal] ca] ca@@

AAz AMAAABB=CBCCd DDDEYEWEY [Bf B Eias o And @ctpyrlintitgtioh,cap input/output (1/0) card 355 is

Al et o ey e o

L MVIVNNIN( NNNON  addition to its other componcr *s ag shown in FIG. 4. This I/0 card 355 provides the ADS-

ol cl cal) cal Attt ek i SRR B B o

PPPPQ;{S{z QBQg QRRM. { 7@[ B]CAIS 350 derives its present position, altitude, and airspeed from GNS/INS
SLS"MShS{ SSSSSSOT{ vpke C cal] cal,calll ca a al.ca ca ca
U] ca] ca] cal] caSpet P§ %"é‘h @]%”g}{f %@%\]&ﬁ
V~WVVG‘W\W<XX@% systems (330). The 1/O card 355 accommodates an ARINC 429

Y#YVY] YYYYYYZZ} wr | b\V\R ca ca aJ cal cfalcalc ca ca call ca]cal ca
U] ca] JcaU] ca] cail]ier@%e ]] 1§ &iﬂ% ] ] ] B‘S{fbiﬁs h G U]‘”’l POS“%H

][ £:<[a\U} CHai 2&833%2&m&%&ﬂ@ﬂaw&ks[ﬂéﬁlmwu@%@hemm&saw

a] ca] caU] cav)] caiy & dignmeed | ARRYC 42P cdaty busy| dReeaparainFicn &%) reapsery cin-ederia g
Pggi Viiii Pk(I 1 Lluodneaniatuld VD paiye i)&h%ﬁ-m\akmﬁ Md fenddve Alwadd spdGadensbap]
cal] ca] c"a] ca] cal] ca] caU] cal] cal] ca ca] cal] ca] cal] ca] ca] cal] ca] cal] cal]
ca] caV] ca] caM femmasioy ey { yyyye{| h| | } D~~~~~5J38| vgke_YS] ] U] cal] cal] cal] caU

L O ) N i e et s e

Ul ca] cal] ca] cahligd Q@ﬂ&&k@ﬂi&]@&}ﬁatﬂlﬁ&hwmwﬁmlﬁ%@aﬂ fRabGet.cad C
a] cay ca] caV] caL‘icaU] cae

10Nz ' . y| 98y sig “‘\"FP]"E%%‘]”&&T touthp Coptral Rane) is apedaq to,39d the FERGAS Mode-Selection
a] ca) cal caU] Cabbal 6 sat b old s bleatdncaptibgal] cal] ca] cal] ca] cal] ca! xqC
HYsuPS{ vgl gb\ Ul ca] cal] ca] ca] ca] ca] ca] ¢ a] caU] cal] ca] ca] cal] ca

U] c”aU] cal] cal] caU] Ak feabieckbdea b tanlpmdicia thecld LComtmmidptiodsido e 8él &N ModsD1

B e e

SGzupj e ZTj e Zimplkkmt g atlodurmhitys defined MM dea$ faictions-bul witly'buidt-in upgradeability for

UM caut cal coul fak vy &7 Wi Aol 'ghaahe B WRE it 8% ar, oher Mode's
ACuy| wgl f a[ V] wﬂswmwmwmmﬁmawm&mwwmw c

SR & neooL EAERt B IGAS caﬁaﬁ%ﬂcaﬁ}wf"caﬁ‘cﬂ“ o o eyl

ca] cal] ca] caU] etifudeU] Bae] Modg-SaPestaUlL tamﬁwﬁbmd{ :mncres{s
!aﬂ (l:J]afJ]aL;?J]U]c;a g%éa%&ﬁ] 5“151‘ caaﬂf ragl] ca ca zf]on ca{ﬂmecrcdue@“ﬁa?cafcaab]

ca] ca] ¢ a] emU] Majle-8' trapaponder:as described 1814, inc udmg Change 1. The unit also

T Rl ) 4 i b

d ~dYY\ ot ’>B~xsa;:|ph]: lg]qfaqamj]ﬂd_fas] mj]eeq}’mu}&tm}ichu

L] CRBnoG 1 PR ~xsﬁ§b?b?%&cal%?t&°§%}%%§ﬁ} T A, T sk

UV] cal] ca provides more efficient, positive, and confirmed communications than is possnble with
Ul c”al] ca] %aU] g@! ﬁﬁ}&& g%aU] cal] cal] ca] cal] cal] cal] caU] ca] ca] ca' 3H VC¥%U
A uoj d_YR] et 8 R s c aJc aV]c

Modifications to the conventional Mode-S transponder are required by the present
invention to inhibit Air Traffic Control Radar Beacon System (ATCRBS) interrogation
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a] d)aébp(tfﬂO@elU] ca] cal] caU] cal] cal] ca%é@@%@é@ﬁ ca] g4U)uy] g8M3ca] ca] c@F@Q@"‘é\éD

] ca] ¢ a] caw>=Pgyhtampi c*XQ WV] cal] ca] cal] ca PCT/US99/30459
WV] cal] ca] cal] cal] ca] ca] cal] ca] cal] cal] cal] caU] ca] cal] ca] ca] ca] ca] ca] ca] ca]

caljcalc a]c alUc aYnDGX Z| wr mhc™ YT caj ca] ca] ca] ca] ca] ca] ca]ca]c
ST ca) oo} ca) cmfhaaulmil i RCAR ona e et o pebptisinst oufodeion e

A &3
e T A e e o s o

a] ca] ca] ca] ca] @ahgaioct TGASRFabanad)]| Thp Méta] 8E] pvat trahaaiss@y KQeDis 440098ty

Ef‘o ((%Lu&s(&)l Oé 71’2&&’) 4%@%&1{\5 T g% % Q@nﬁa@lwtxxned from the pilot's station

U& () - ! &y#10Y8eleldls shiséioh 100asSor klodd Pécaiity brcraiﬁlaﬁdﬁ'lb&hs €/red(8ing probability of
& ()-1oar 10%@%01&, ;;d&;d%gg&thg )chfmScSelc(’)ip Ut(i&cctg? airer. a:!iio ﬁ-Band receiver desensitization.
Only the formaticn cell leader (e.g., 225 in FIG. 2) will transmit at higher Mode-8 squitter
power levels to ensure positive formation positional control with the Master Formation
Leader (250 in FIG. 2). No modification to the L3 Communications XS-950 Mode-S
10 Wnda is required to broadcast GPS Squitter data because it is already Mode-S,
ICAO Level 4 capable (i.c., transmits and receives 16-segment extended length (112) bit
messages).
In addition to hardware modifications to 'the commeréially-available TCAS 2000
(or other TCAS product), software modifications to it and to the Mode-S ADS-B systems
s are contemplated for the present invention to reduce the number of unnecessary evasive
maneuvers and allow close formation flying. The modifications include, for example, a
GPS Squitter capability enhancement to the commercially available L3 Communications
Mode-S transponder product no. X8-950. The IFPCAS mode will be added to the existing
software. This unique TCAS mode of operation will provide pilot/operator situational
20 awareness when flying in a formation of multiple TCAS-equipped aircraft. Differences
between the IFPCAS mode of the present invention and the conventional TCAS operation
mode include, but are not limited to: TCAS Interrogation inhibited; VSI/TRA display of
intruders with visual/aural indication of when an intruder penetrates a protected volume or

meets some closure rate criteria within a'protected volume; centered (or some positioning)

25 VSUTRA display with approximately 0.5 nm selection range (see FIG. 6) appropriate
sized range ring (e.g., 500 f) on VSIVTRA display (see FIG. 6); intruder range
quantization of 8 predetermined distance (e.g., 70 ft) and filtered to provide resolution of a
predetermined distance (e.g., 50 f); additional annunciation of relative velocity and
formation member identification (see FIG. 6); shutoff interference limiting logic; changes

% necessary to interface with a GNSS/INS; new data recorder parameters; and modify
Mode-S Transponder software code to inhibit Air Traffic Control Radar Beacon System
(ATCRBS) response by follower aircraft (only the MFL will have the transponder
enabled). All of these changes are well within the skill of those skilled in the art and their
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software modification in accordance with the present invention as described above, The
existing commercial TCAS-2000 system can be modified to operate in an IFPCAS mode
while maintaining the normal TCAS mode of operation. Normal TCAS Traffic
Advisory/Resolution Advisory (TA/RA) capability would be inhibited to prevent aircraft
interrogations and resolution advisory operation.

Software in the transponder is completed and certified to DO-178B, the FAA
requirement for software development and certification. Software updates cen be
completed on-board the aircraft by means of, for example, an ARINC 615 portable data
loader, which has a data loader port located on the front connector. All of the foregoing
snftware modifications are well within the skill of those skilled in the art and their
implementation need not be discussed in detail.

Referring to FIG. 6, there is shown a Vertical Speed Indicator/Traffic Resolution
Advisory (VSV/TRA) (or Traffic Advisory/Resolution Advisory) display 600 in
accordance with the present invention. FIG. 6 illustrates an exempiary VSI/TRA display
600 with formation members (610, 620, 630) identified, such as formation cell aircraft
(depicted as airplane icons) and lead formation aircraft (225)(depicted as an airplane icon
inside a diamond). The VSUTRA display can also show different symbology for
formation tanker, non-formation aircraft, etc.

As shown in FIG. 6, the TCAS VSUTRA display of the piesent invention not only
shows the relative altitude 660 of own follower aircraft 630 (depicted as an airplane icon
inside the dotied range ring 640) with the formation lead aircraft 225, but annunciates the
relative velocity 650 (or range-rate) of own follower aircraft 630 with the formation lead
225. Own aircraft position is represented by the aircraft icon 630 at the bottom of the
display headed toward the twelve o'clock position. The number (05) on top of the
airplane icon 225 represents the relative velocity 650 of own aircraft 630 in, for example,
nm/hr and the number below the formation lead aircraft (e.g., 660 pointing to 01)
represents the relative altitude in, for example, thousand ft increments. The positive
number 650 above the lead formation aircraft 225 indicates own aircraft is traveling 50
nm/hr faster than the lead aircraft. The positive number 660 below lead aircraft 225
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a higher velocity than the formation Jead aircr . Similarly, a negative relative
altitude 662 indicates follower aircraft 620 is 100 ft below the lead aircraft 225, This
enhancement makes the TCAS a value-added instrument for the pilot flying in tight
formation profiles. Relative velocity annunciation will be patticularly useful for
maintaining aircraft relative position within a formation during turning maneuvers. A
conventional TCAS is aware of intruder range and range-rate but today it displays only
10 color warnings when the intruder’s relative velocity presents a threat. The TCAS display

of the present invention aperating in intra-formation mode displays formation cell aircraft
relative velocity (650, 652, 654); relative velocity is displayed digitally along with the

relative altitude data (660, 662, 664) on the TCAS display 600.
| With instantaneous knowledge of the relative speed of each aircraft in a formation,

15 any crew can immediately correct their speed to match the lead aircraft or communicate

with an adjacent aircraft if it is flying- off formation speed. Once speed is under better

control, it becomes possible for all the aircraft in formation to fly coupled to their flight

management system, thus ensuring each aircraRt flies the same track. The TCAS display

600 of the present invention, which is augmented with relative velocity, should eliminate
20 nearly all of the variation in raﬁgc, gigniﬁcant.ly reduce crew workload and enhance safe

effective large cell formations in IMC.

The method of the present invention follows the above description of the systems
embodiments and is described in the Summary of the Invention section,

Referring to FIG. 7, there is shown a flowchart of the information processing to

25 determine the manner in which information is displayed to the aircraft flight crew on the
display 600. In step 704, the process of displaying TCAS formation members is begun. In
step 706, the TCAS computer of the lead and follower aircraft receives Mode-S Squitter
(ADS-B) message from an intruder 1o the protected volume. The VSI'TRA display
provides pilots situational awareness of formation aircraft position and an audiovisual

30 indication when an iotruder penetrates a protected volume or meets some closure rate
criteria within a protected volume. Intruder range quantization is filtered to provide
resolution of, for example, 50 ft. The VSVTRA display 600 includes appropriate-sized
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by its unique 24-bit Modc-S addxess Dands ored for further processing. In step 710, the
TCAS processor accesses a look-up table to determine whether the intruder is a formation
member (FMBR) or formation leader (FLDR). In step 712, a decision is made as to
whether the intruder is a formation member according to the Mode-S address ID. If the
intruder is a FMBR, then certain bits, referred to herein as FMBR bits, in, for example, the
ARINC 429 are set in step 714 and a TCAS-to-display data label is assigned. In step 720
the relative altitude, range, range rate, and bearing information are set in the ARINC 429
and a data label assigned. The intruder data label assigned in step 720 is then transmitted
10 to the VSI/TRA display 600 in step 722. The information obtained in step 708 is also
provided to step 716, which is a TCAS intruder database that can be arranged by an
aireraft’s Mode-S address ID. In step 716; the information is updated in the TCAS
introder database, specifically, the range, range rate, relative altitude, altitude rate, and the
bearing of the intruder. The outputs of step 716 are provided to step 720.

18 Referring again to step 712, a decision is made as to whether the intruder is a
formation member according to the Mode-8 address ID. If the intruder is not a FMBR,
then in step 718 the intruder is declared a FLDR. If the intruder is a FLDR, then the
FLDR bits are set in the ARINC 429 in step 718 for processing in steps 720 and 722 as
discussed earlier.

20 Although there are numerous advantages realized by the TCAS system described
herein, there are two major advantages of using passive surveillance for close formation
aircraft separation.

The first major advantage is that the positional accuracy is substantially equivalent
to the longitude and latitude positional accuracy associated with the aircraft’s GPS

25  navigational source. A relative aircraft bearing within 2° root mean squarc (RMS) can be

attained with the present invention. This is because TCAS calculates individual target cell
 position based upon ADS-B positional data transmitted from cach aircraff. TCAS ADS-B

operations enables processing of at least 50 targets. The number of targets displayed to
the pilot will be based upon a prioritization scheme of number of aircraft within a
%0 specified horizontal range, bearing relative to the host aircraft, and relative altitude. The

nominal aircraft target processing and display capability is a formation of 35 TCAS-
equipped aixcraft. The received TCAS ADS-B data could be transferred to the aircraft’s
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the cell. Processed ADS-B. information that results in aircraft horizontal and vertical
positioning would be directly or indirectly coupled to the autopilot or SKE via the Flight
Management Computer (FMC).

The second major advantage is that passive surveillance reduces RF emissions and
contributes to minimizing probability of detection. TCAS interrogations are not required
to establish the relative position of aircraft squittering ADS-B data. GPS squitter data is
emitted at random intervals uniformly distributed over a range, for example, from 0.4 to
0.6 seconds. The L3 Communications XS-950 transponder contains ARINC 429
interfaces reserved for inputting longitude, latitude, airspeed, magnetic heading, intended
flight path, and ﬂiéht number identification. Most of these parameters are provided via
Global Positioning System Navigation Satellite System (GNSS) and Flight Management
System (FMS). Barometric altitude, however, would be derived by the on-board ADC
340 via the Mode-S transponder interface.

Other variations and modifications of the present invention will be apparent to
those of skill in the art, and it is the intent of the appended claims that such variations and
modifications be covered. For example, the antenna mounting technique taught in U.S.
Pat. No. 5,805,111 could be implemented in the present invention to extend TCAS
detection range. The particular values and configurations discussed above can be varied

- and are cited merely to illustrate a particular embodiment of the present invention and are

not intended to limit the scope of the invention. It is contemplated that the use of the
present invention can involve components having different characteristics as long as the
principle, the display of traffic advisories, resolution advisories, proximate traffic, and
other information obtained while using a passive TCAS and Mode-S transponder in
communication is followed. The present invention applies to almost any CAS system and
is not limited to use by TCAS. It is intended that the scope of the present invention be

defined by the claims appended hereto.
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1 2. The system of Claim 1, wherein said data link transponder is a mode-select data

? link transponder.

1 3. The system of Claim ], wherein the broadcast data comprises automatic

2 dependent surveillance broadcast (ADS-B) data.

1 4. The system of Claim 1, wherein the broadcast data comprises global

2 positioning system (GPS) data.

1 5. The system of Claim 1, wherein the broadcast data comprises Mode-S squitter

2 data.
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5 commands based on the first and second broadcast data to prevent collisions

16 between the first and second follower aircraft;
17 (b) said leader aircraft including a third data link transponder (360°) for
18 transmitting third broadcast data comprising the steering commands to said first

19 follower aircraft and sajid second follower aircraft;
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1 9. The system of claim 8, wherein the first data link transponder is a mode-select
2 data link transponder.
1 10.  The system of claim 8, wherein the first broadcast data comprises automatic
2 dependent surveillance broadcast (ADS-B) data.
1 11.  The system of claim 8, wherein the first broadcast data comprises global
2 positioning system (GPS) data.
1 12.  The system of claim 8, wherein the first broadcast data comprises Mode-S

squitter data.

13.  The system of claim 8, wherein said display alerts an operator of the host
follower aircraft when an intruder penetrates a predefined perimeter of an aircraft
formation comprising the leader aircraft and the plurality of intra-formation

follower aircraft.
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