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"mles" range is for comunications between aircraft 20 and. the.othe
participants; the effective range between ships is limted to 15 naillﬂi MAY 2002
mles. At |onger ranges, the nuch sl ower adaptive HF channel is used; and

at still longer ranges) a satellite system based on 3 Earth satel lites

such as satellite 22, is used. Because the three channels have different

| atenci es, YASY483hal from ship 10, tha& missile 2G has beBFT/VSINAMAL .
arrives ametsqmndtdhennqbiwfasr(bmmﬁmitat todlirfef cf rseght commasicatidnsalThe *HE nautical
participants had fixed | ocations) permanent broadcast comrunication

channel s ript Gaf} isSfr enafurietiony bawetrd airhafi§ 20 a8d 4hé Ae GarRiate S thet he

participants, and the |atencies of the 1o channels could be built into the

CONMMUNi CafbQ% Ak BiRken Q'H?ﬂ:s%sqm'&ﬂt toP RHRREal idsDi K¢ ﬁfﬁ%@r {lﬁé&uﬁﬁ it

partici pants are noving. For exanpl e ship x8 1S sho Figure out of

S band

A the E?%e%z)?fi@%%"éﬁlz@““ 8 ?‘8%& A G e T e
HF ch hor t tch to the S-band ch I Th
ar ect%nm#ﬂl 'ﬂ‘[sqs? h%(%ﬂt I’ﬁ‘?cwr ogl emo Owg S ?gr gl ?nggrtllzispanteg to
br oadcast over al | avallable channel's, including in each signal an

i ndi cati on of BeFNSE thenthase chanpely have gifferent Ietengiesy dhei peraltfram shipslribat can

conpensate for the |atency “of whi chever channel succeeds in rel ayi ng the
“signal t missile 26duis bieem{iaunghieds amvines aisthd athdnpattivipanthet different timesit ifoall the |, , f
S for all participants to use the channel with the | ongest range, which
typi cal | pyrtiaipants Hadi fixcoloextions) eerniagernl roadche @hanngdatioh tdhakrel bul®st
Iahency, so that all signals have the.same | atency. The channel with the

| ofgest k&le@ed hacBiding toythe Fixed distdncss xedthl the patisipants, dnde NP RlenSXPNBEVE -
channel, Shays 10 and 12, which are in |ine-of sight of each other, could

co ic s cbBIeORN jnth the! AR B8, 1
Tiuad v?@g E§b$9726 3 5825554 DR M ?:RP’EDNN\]J f@ﬁgo gtogéaw° 'Mﬁf %B VO

991 46877 P 5 39 , 644,
descri bebg lé’%éfé‘%’il caﬁl ongén%;taqug'n aﬁ%@? fﬂugr%agﬁsesﬁ%wrpm %OIF R SR L?gg of a
par L of pd RBEY A b b&%stteﬁn”%yeﬁ@ B SPERL o0 PLSHR Loyt e ine of the
conmuni cati on ran and avail abl e banglvm dth is _allocated so that no

at t enpt F&s%a@ipbazéﬂsalﬁtmrﬂam%e tine the adepiive HE changel, bpt ey shastnaill ¢ o

comrunl cate with each other. This nethod
switch to the 5-band channel.

15 There are two inferior solutions to this problem. One is for all participants to
broadcast over all available channels, including in each signal an indication of the channel

) used, so that 2ach recipient of a signal cen compensate for the latency of whichever channel
succeeds in relaying the signal to the recipient. Tﬁis wastes bandwidth. The other solution is

for all participants to use thc channel with the longest 3ange, which typieally, as in this

20  example, is also the channel with the longest latency, so that all signals have the same latency.
The channe] with the longest range typically, as in this example, also is the most expensive

channel, Ships 10 and 12, which are in line-of-sight of each other, could communicate at less

cost via the S-band channel than via satellite 22,
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coul d be used, in the above exanple,' ‘to allocate S band bandw dth nos
efficiently, but it is inherently [imted to one comuni cations chagdrleIMAY 2002
and ¢annot be used to allocate multiple comunication channels anong all
participants. There is thus a widely recognized need for, - and it would be

. highly adv s to 1o have, a nethod by which noving Leipant s

coul d sel ecwgﬁﬁg"lcomm ctii/i onstﬁ]agr;% sliaased on their Pg@é’%ﬁf"gﬂéous

| ocations. SU FF 2 | Y BN ON oA 0y desstibe e seramunications anethash
there is provided a nethod_of coordinating is conmmunications anong a

pl ur al i t yintspdesiorpake aest sfiicient yserofa shosy range ermmpenications systemc| Acdondjng fe |
steps of: (a) providing each participant with: (i) a |ocator mechanismfor
det er mi nithig anetheelat ¢ash phrticipentp keepscitipelnt of awhdch( i dthera phmsibipantef are 0Gdthinons of
the other participants; and (b) selecting, by at |east one participant, one
of the pleommiunication raripanamed svailbide bamdwitthi is allogited\éd thabho laRaspt RRadRtHYe"
participant, based on the location of the at |east one participant and the

20 | ogat ipafticifanishehcdire besTiraref eicReinep & donthitAdite Afth ERAUEL THA Hdig 4t 2b! e-
As defined herein, a "channel™ is a shared conmuni cati ons nmedi um or Ssystem

| h | in. . . i i icati
n the exaiilaliRsused,an ohE Sovh skdhple, b8 o&ﬂaslgaldsma&ﬂ ok UhciGfITBRCRT ) Ons

systens, but in other applications of the present 1 nvention, i ns

coul d be .di : i I ors . .nd hWfferent sets of tine
slots or nﬁ}eﬁn@& gﬂ'{u érequen@?@g@%u{;% %af'%zb%grfe%ﬁg@sb[ee ed o ?ﬁ?faWIEB'GZ WO
99146877 4 - PG't' [ US~9/ 05444 Bﬁl EE DESCRI PTI ON OF THE- ~ DRAW NGS The

i nvent i o/fCTREYHSARENT CQARIEIS AORE 2 PAREPAF- exanpl e only, with reference to

thgy '. acconpanyi ng drawi ngs, wherein: s ~ The sole Figure is a schematic
.depi ction of AHF&IS ﬁlﬁﬁemmgeb{ reesenized megddiqr.amd iHwopkirteEnghlp EnpepedENT The
‘present invention is of a method of coordinating communications anobng-
severldl have agngshed by mbichtrsovigp parti¢ipasd ¢opld sdiest pmesg nominoxiesticng Bhanasls be
used by each participant to to select the optinmal comunications channel to
use to cbasedondeitnstantineanyloottivas. partici pant. The princi pl es and operation
of conmmuni cations coordi nation according to the present invention may be
better understood with reference to the drawing and t he acconpanyi ng
description. According to the present invention) each participant is

provi ded SUMMAR YTOEITHHE NWENTION continuously determning its |ocation.
0

Thi s mechani sm coul d be, r exanple, an inertial
According to the present invention there is provided a method of coordinating

too:s/oos

15  communjcations among a plurality of participants using a plurality of channels, including the
steps of: (a) providing each participant with: (i) a locator mechanism for determining &
-) location of the participant, and (ii) a table of locations of the other participants; and (b)
_ selecting, by at least one participant, one of the plurality of channels; for communicating with
at Jeast one other participant, based on the location of the at least one participant and the

20  location of the at least one other participant as recorded in the table.
As defined herein, a “channel” is a shared communications medium or system. In the
examples presented herein, the channels are distinct communications systems, but in other
applications of the present invention, the domains could be different communications modes,

such as different sets of time slots or different frequencies, within the same system.



'navi'gation device) or a global positioning systemreceiver. Each 20 tMAY Fg[]z
participant builds and maintains a dynamc table of the |locations - of al
the other participants. These tables are initialized at some ' ' i me,
for e_xarrpl‘&?%gdﬁl partici pants broadcasting their |ocati Ong&%ﬁéﬂ@d
avai |l abl e channel s, and each participant recording, in its |location table)
the received 20 |ocation of every other participant. Subsequently)’ each

partici t CLASS ' e own | ocation and on the basis of
the tab Ubg‘\. ﬁjﬁAQ¢mé§rt i ci pant) which conmuni cations
channel to use to comnmunicate with each other participant. For exanple) in
t he scenari o 1t innentioryif berei, descuibed, by, Waysof exargple: onlyc With fergnceoto the
determ nes that that distance is |ess than nmaxi num S-band range, and
cammuni @aédhpadlying driwingédwhereing the S 2 0 MAY 2002 WO 99/ 46877 ~ ~

PGT/ US99/ 05444 band channel. Simlarly) ship 12 conputes its distance to
shi pc18, .det ' ts ' il fanfrths | o range but within
'adaptsi ve | HFelrhE‘srBrg:%gme{%gQ%%mﬂf%ﬁl%g{&ggﬁ\ﬁ?ﬂ%kﬂ&?g&sus| ng the adaptive HF
channel. .. Periodically, the participants broadcast their own |ocations to
each other. This 5 broadcast of location is no different than any ot her
broadcast by the participants (such_as:.the broadcast by ship 10 that it has
| aue he PESCRIPTIONAOF T PREFERRED EMBODIMENTS ci pant to every ot her
partici pant, using the appropriate channel as determ ned from each

partici pant' Jhelfésent iivention isesfes metdwd dfavaidinating) Somhiftmicaivhehmeng s&vkalons
of all the other participants. Having received the transmtted | ocations of

fall arti ci pant s. Having received the trans: cat i ons
acOor i AEME pRECRACEShSincany, hRRtacrt PARBGSECAR TR wld Uy ercR AR TR O,
th the, tici ts, | that will b ' to th

SKi 16 oa sFetthe omoR Sopapiarate chifye! EEise o Zpriiicnl WG a59 SUhea ParHRRR o

t opographic map for use in determ ning which communications channel to use
t o comuni cafldeprinpiples\andtaperation of cempuinicatiphe ceerdiription laceording touhe preserged)
for exanple, to determ ne whether two participants who 15 are sufficiently
cl ose t fnviefifiol mdynbe Getted ghderstoodnwitic sdference adahe) drawiniguatid theasictompahyifig- of
si ght of each other. For exanple, in the scenario of the Figure, ship 10
conput eééschgﬁéﬁi on its determ ned |location and the tabul ated | ocation of
ship 14) that ships 10 and 14 are within S band range of each other. Ship

10 then deterym.nes. W t.h r ' i C .k t__pronontory
24 bl ocks | | ST il BEREHCIRGGRR, ChoB RTRERY hovTBRmIR Em bR
then t 20 communi cates with ship 14, using the HF channel. - Alternatively,
in 4hi sceinygpsly determining ity loratin: o Thismkchantsm copldobeyr fogexample, #pumertial i on
with ship 14 is blocked) can relay a nessage to ship |4 on S-band via

ai r cr af navigation device, or a global positioning systein receiver. Each participant builds and

) maintains a dynamic table of the locations of all the other participants. These tables are
initialized at some point in time, for example, by all participahts broadcasting their locations
on all available channels, and.\each participant recording, in its location table, the received

20 location of every other participant. Subsequently, each participant decides, on the basis of its
own location and on the basis of the tabulated location of every other participant, which
communications channel to use to communicate with each other participant. For example, in
the scenario of the Figure, ship 12 computes its distance to ship 10, determines that that

distance is less than maximum S-band range, and communicates with ship 10 using the S-



20. ' 2-0 MAY 2002 Hr4 99/4fi8?'| 6 : PGI/US9g1~05444 While the. i n\slfﬂt m? 200
has. been described with respect to a limted nunber of enbodi nent s Yi 2

will be app ' that many variations, nodifications and ot
appl i cationéﬁgW‘% i nvention may be mades i f 2 0 MAY ng%[%mm
991 46877 barfiTR4RALY, CSifififarlyy sflipi B2 corfipules its diktanfe EE?&EBBQS?H&FHH?H?# bt klpﬂ 18 is

communi cations anong a plurality of participants using a plurality o

channel s, rlesd . -0 § di egch part.icipar ith: (i)
o ocat o OFBHRIrS.Rihd igE bEPBichn adbbripl It 3R 53R amRRicaieE Bl shlp U wting
(11) a table of locations of the other participants; and (b) selecting, by
at |east WeadaptiveHFghaanelone of the plurality of channels, for

comunicating with at | east one other participant, based on said | ocation

of~. sai d at | eaPBeriedieallyarthecpaticipantsdbreadaist thedt ioovn ddcationg tateach agtherON€eThis
ot her participant as recorded in said table. 2. The nethod of claim1)

further opygRadasi B010cAForFisalb affferérft)thin fﬂ}%ﬂa&t brdddcast by #i ﬁkcikygﬁg sll.@ﬂgf the

participant, said |ocation of said at |east one partiTipant,

o ai m 2) poies ST B 0B pid Paplcd i A5, il At Spcl daraon @

| east one ot her participant) based qQn said transmtted | ocation of said at
) east oneothefr PREICRARL. usying ARPTIOPYale f chappglnay dejgrmined, frome r6achaparticippnat!st
effects said selecting with respect to every other participant. 5. The

met hod ofinsthataneotls deteririned dooaion sindghe hiabulated locations 'of 2N0tHWPotheOpati¥iPants.
991 4687? ~ PCT/ US99I1 05444 (c) for each participant: transmtting said

deter ni nfﬂa\}it?% fdceRRd e @AfsiftEd \RRHHSETTlIRRS binet Pﬁﬂ%—?@ﬁ;&%ﬁ g%ﬂlocfpai?l_.&fag%d

channel . d. e nethod of claimb5) further conprtsi
updat

R A KA T MR SN
FECEIVET o the speeds of the participants, in a way that will be obvious to those skilled in the art.
Most preferably, each participant is provided with a topographic map for use in
determining which communications channel to use to communicate with any other participant.
The topographic map may be used, for example, to determine whether two participants who
15  are sufficiently close to use a line-of-sight communications channel actually are in iine-of—
sight of each other. For example, in the scenario of the Figure, ship 10 computes, based on its
‘ ) determined location and the tabulated location of ship 14, that ships 10 and 14 are within S-
band range of each other. Ship 10 then determines, with reference to its topogrdphic map, that
promontory 24 blocks line—o{'—sight communications between ships 10 and 14. Ship 10 then
20 communicates with ship 14 using the HF channel.
- Altematively, in this example, ship 10, upon determining that line of sight

communication with ship 14 is blocked, can relay a message to ship 14 on S-band via aircraft

20.



8. The method of claim1l, wherein said |ocator nmechani smincl udes 2%

inertial navigation device. .. | r. "'~ 0 MAY 2002 WO 991 4587 MAY 2002

PCT/ US991ti 5444 9 AMENDED CLAI M5 [received by the International Bureau on

27 July | oY PHME8E 99): original clainsel-8 replaced by new RFHUS054410

(3 pages) 1. AWHildQHe Ohvemividihagt boeg desrived Oﬁithofb%géb’(ﬂﬁg @1%&6@'&%9“@
.(a

participants using a plurality of channels, conprising the steps of
S

provi di ng t Gl LY L L 8 for determning a
| ocati on %‘ﬁ@f’%%ai‘f‘? l@ﬁgaar#, ar%tc"fi l(hl)alt ?‘agf?tg gl%:ﬂfeongf ﬁlg)gi}'iﬁaﬁ]?gs Ay 3@\"6?@?’89“?%
ot her partjcipants; and (b el ecting, by at |east one participant, one of
the plur wﬁtﬁslwneﬁam@,&ﬁﬁ communi cating with at |east one other

partici pant, based on said absolute |location of said at |east one

pattici pant and said absolute |ocation of said at |east -one other
participant as recorded in said table. . ~ 2. The nmethod of claiml1,
further conprising the step of (c) transmtting, by said at |east one
partici pant, said absolute |ocation of said at | east one participant, to
said at |east one other participant, via said selected channel. _..~ . 3.
The nethod of claim?2, further conprising the step of: (d) updating said
table of said at | east one other participant, based on said transmtted
absol ute | ocation of said at | east one participant. 4. The nmethod of claim
|, wherein every participant effects said selecting with respect to every
ot her participant. AVENDED SHEET ( ARTI CLE ~9) 1V0 99146877 10 2 0 NMAY
2002 pcrnme99rosd4aa 5. The nethod of claim4, further conprising the step of
( for each participant: transmtting said determ ned absolute |location to
" ¢dach of the other participants, using said selected channel. 6., The

met hod of claimb5, further conprising the step of -(d) updating said tables
based on said transmtted absolute | ocations. 7. The nethod of claim1,
wherein said | ocator mechani smincludes a gl obal positioning system
receiver. 8. The nmethod of claim1, wherein said |ocator nmechani smincl udes
an inertial navigation device.



'9. ('New) A nethod of coordinating conmmunications anong a pluralii ty of
participants using a plurality of distinct conmunications systenséd 0 MAY 2002
conprising the steps of (a) providing each participant with: (i) a |ocator
mechani sm f&oagf‘@g?n' ning a location of said participant, and {GFYSHASY o
of | ocati WwHAWISICIEAIMEBEXISparti ci pants; and (b) selecting, by at |east one
participant, one of the plurality of distinct comunications systens, for
comunicating with at | east one other participant, based on said | ocation
of said at |east one participant and said | ocation of said at | east one
ot her participant as recor gg in sai.d table. .t ~AMENDED 9MEET (ARTICLE i9)
WO 997 468 7% 11 A aeied oheeotaimsling somminications amqpg:a pluralitysef participants
coordi nati ng communi cations anong a plurality of participants using a
pl-yr al i t yusig a pluralitlyof channels, comprisihg thetsteps off . (a) provi di ng each

participant with: ' (i) a |l ocator nmechanismfor determning a | ocation of
sai d parti,ci pagy, apﬁw’rdingéhdh)paiﬁéipﬁhfvviﬂf: | ocati ons of the other
parti ci pants; ) selecting; by each participant, for each other

partici pant, one of ;the pl j . | s). for nigatkng with said -
each ot her parti ci pgﬁut , ég‘%@ljoﬁr’\&ggf"ai | oiggﬁe %ﬁmgfog %g’lgge@'égﬁ&bipgﬁ"ﬂpﬁ%?“%nd
said |l ocation of saig each qth articipant as recorded in said table; (c)
for each participan ‘g foP%ﬁEHﬁS’FE‘&“‘&im ether-participantfiand: t i ng sai d

determ ned | ocation to said each other participant using said sel ected

channel ; and (@) f oselecting, barati leayioone, participant, anesef the phuralifyt b dharmeRy ifon
of every other participant. AVENDED SHEET (ARTICLE 19) .Ar.AS. A[.Afn . A

CAGA AL A communicating with at least one other participant, based on said location of
U. &f 0. AYJz?! WZ{ <>\ ev~ysnhc”YSU] ca] cTa] ca] cal] ca caU]pcaIca] ca] cal| ca

cajca
Vki Lo mhohv T cal e ol Bafea pifihf ahn A IpeliohZof sutalpéf ol At

a] cal] cal] cal] ca] cabﬂr%g‘]pgg(]a%a Co%ﬂdci% s%t%&le{] c:ajc,a! z

2. The method of claim 1, further comprising the step of:
(c) transmitting, by said at least one participant, said location of said at least one

participant, to said at least one other participant, via said selected channel.

-) 3. The method of claim 2, further comprising the step of:
(dy  updating said table of said at least one other participant, based on said
transmitted location of said at least one participant.
\
4. The method of claim 1, wherein every participant effects said selecting with

respect to every other participant.

5. The method of claim 4, further comprising the step of:
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(a) prowdmg each participant with:

(i) a locator mechanism for determining a location of said
participant, and
) (ii)  atable of absolute locations of the other participants; and
b) selecﬁng, by at least o;le participant, one of the plurality of channels,
for communicating with at least one other participant, based on said
absolute location of said at least one participant and said absolute

location of said at least one other participant as recorded in said table.

2. The method of claim 1, further comprising the step of:
(c) transmitting, by said at least one participant, said absolute location of
said at least one participant, to said at least one other participant, via

said selected channel.
3. The method of claim 2, further comprising the step of:
(d)  updating said table of said at least one other participant, based on said

\ . . . .
transmitted absolute location of said at least one participant.

4, The method of claim I, wherein every participant effects said selecting

with respect to every other participant.
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(d)  updating said tables based on said transmitted absolute locations.

&&I

-

) 7. The method of claim 1, wherein said locator mechanism includes a

global positioning system receiver.

8. The method of claim 1, wherein said locator mechanism includes an

inertial navigation device.

9. (New) A method of coordinating communications among a plurality of
participants using a plurality of distinct communications systems, comprising the
steps of: |

(a)  providing each participant with:

() a loc;ator mechanism for determining a location of said
participant, and
(ii)  atable df locations of the other participants; and
(b)  selecting, by at least one participant, one of the plurality of distinct
communications systems, for communicating with at least one other )
participant, based on said location of said at least one participant and
said location of said at least one other participant as recorded in said

table.
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(ii)  atable of locations of the other participants;
© (b) selecting, by each participant, for each other participant, one of the

) plurality of channels, for communicating with said each other
participant, based on said location of said each participant and said
location of said each other participant as recorded in said table;

(¢) for each participant: for each other participant: transmitting said
determined location to said each other participant using said selected
channel; and

(d) for each participant, receiving said transmitted location of every other

participant.
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