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Gid-Based Transm ssion System Field of Invention The
i nvention relates to a grid-based transmi ssion systenf6/04/2006
and refers. particularly, though not exclusively, to
wousRudsysStem to enable efficient sending aaghccsnosmo0270
receiving of position nessages for determ ning
absol ute positions of vehicles in a space. Background
Al'l applications for |ocation-based conmunicati on,
command and contr ol systen% use i nformation based on
an X, Y-axis reference. Wien a network of noving
menbers is invol GadBasedTeanpmissionSystémm t o be frequently
updat ed. Dependi ng on network's requirenents for
re Iytion and accuracy, the information may becone a
maj 61 PAPEP ( he size of the message frame. Were the
systemrequires world- w de operability, the size of.
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to aﬁagpe the position of the transmtting mnenber.
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Summary of the Invention

According to a preferred aspect of the present invention there is provided a grid-
- based transmission system for determining relative positions of vehicles in a grid
quadrangle of a reference grid, each vehicle having a transmitter and a receiver,
comprising the steps:

(a) determining an absolute positibn of a vehicle;

{b) obtaining the reference grid;

(c) assigning a reference point for the grid quadrangle; and

{d) generating a relative position of the vehicle relative to the reference point,

The reference grid may be obtained by being generated, or by retrieving a stored

and previously generated reference grid. Also, the reference grid may be based on
the transmission range of the vehicle’s transmitter or from the identity of the
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WD 2004/ 097448 PCT/ S&003/ 000270 2 vehicle's
transmtter. The transm ssion range may be obtai ned
froma specification of the transmtter, and the 06/04/2006
reference point may be an agreed reference point, or a
e point generated by an agreed net
W{f'z@?@ﬁ?n%y be included a further step of thgeﬂg%%%g’%gmm
sending a position nessage containing the relative
position. The position nessage nmay al so contain one or
nmore of the transmission rénge; an identity of the
vehicle; an identity for all other vehicles that have
pr exehicle's lrgnsmitiert The femsmisdion mangessilgeobtainat frowas speeiteatione d
by tsflﬂfétraﬁ il of lafid th@%rénh@pcﬁlﬁt‘rﬁi bé’ §n éb?e%ﬁ'iéf&&cgﬁmﬂth& zal |
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particular may be within a pre-determ ned number of
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vehi cl e reference gri e generated accordi ng
to the absolute position to al I ow for different grid
syalemahvelyror dilditosatly ribereamadls: isdudedian giiditibiel stdheftrecaiving
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Lot ke, e Cpesions mesdes By ke SO e O
q umﬂrsmmgdne"amtof the gonsmitier, of trarselcopdnfmdel, atd an idantity oithd he

UgtdéraehiSe. S‘ﬁ’é E%Fen&h&la rﬁif}%erﬂéﬁém&@@ Of the identity or
Pref erabl y l?ﬁ g{t gc?'r oxlLmates a square. In a

fu‘fﬂ"ﬂ%’f‘sn’ﬂr’%’ﬂ%?&eeg’af'ﬂ?' d¥elyte. i nvention al so

provides a nethod for determining relative position

Of The Rdddr&rice nd rﬁhy%eﬂéﬂeﬁéte@%@c@fdﬁﬁﬂitﬁe afso;ate b&ditRh RSy fgr' d
mtter r eclzl ver,
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first vehicle sendlng a position nmessage containing

t IPnearﬁ? grt {Jr\ét%rretp %nn the present invention also provides a method for

determining-relative position of vehicles in a grid quadrangle of-a reference grid, all

vehicles having a fransmitter and receiver, the method comprising the steps:

(a) a first vehicle determining ifs absolute position;

{b) the first vehicle obtaining the reference grid;

(5] assigning a reference point to the reference grid;

{d) the first vehicle generating a relative position of the first vehicle relative to
the reference point; and

- {e) the first vehicle sending a. posiion message containing the relative

position.
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PCT/ S&003/ 000270 3 In a penultimate preferred form
the present invention provides a nmethod for 06/04/2006
determining relative positions of vehicles in a grid
wadadpsaey e of a reference grid, all vehichepg @wﬂﬁﬁz,@
transmtter and a receiver, the nmet hod conprising t
steps: (a) a second vehicle receiving a position
message froma first vehicle; (b) the second vehicle
obtaining the reference grﬁd (c) the second vehicle
determning its absolute position; and (d) the second
vehirc p eegidtimatenprefenayg folve the| Rresentyitentioh eprovisiee raemetbodplor nt
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vehi ¢
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met (deOHWan bé?ucfe'obtﬁhng‘{ﬁ@l‘e?ér&icéi@'fder mnes its
r ef e reference polnt o% the first

veh{il e e| di’e{]i'gleggﬁ@“%"ﬁ? SPHEPRYIRREY o t he

r ef @ endie. Sep@ld rvehigé detimniningclbm dirst/ wehicts| refereitre paind do e
vehi cl e rel@dhcggider ate a rel ative position of the
second, vehicle relative to its reference point. The
reference grid may be obtained by being generated, or -
by Thefafarenpe print of thersepand vehigleds detasvinesi by ithe ngéveiiotedand

r efie piedly gseneded 6 ah eafg@&@ PE&erdh ;ﬂm{r%xd *aere&?éﬂser péied by

st n n tr the first
vehql %rgt&ebry ﬂ%aee& ﬁﬁtﬂ? ‘{DP :TH st H%l r‘%hﬂ@"eﬁf"st refgrence
t r ®ABYibe fEé?fer@qé PeiHof the first vebielh beihgethe Fasme a8l dr diffenenidg thehe
ab sedéritice pfif of the ﬁﬁorﬂ&h‘hu@ee OB batbRARHBY rmdp heherafe a(%ifgiwe

| u ave a Size greater

thg&niohgﬁhr?as%&ﬁg‘r’n& % %ﬂ’?{pﬁf% & pref e?abl y, the
reference grid has a quadrangl e size at |east tw ce
t hehayaferente grid friap BS Bitdilidd by béxﬁﬁ’lﬁ.ﬂerafgb QJr BP ﬁelrfelu a §5@§ age

ma and
at ehaupithefe Aol b Sbrehetln el b Sendafa By

t h%*'&gr‘%@?ﬁfw kihe Bpnspiiar gf |ﬂ}e§1rst Vetilecor@ magivebim tsansiitiemt i t y

of rahdeat the ansmittelobthe mét vielige.f 1 r st vehicl e; and the

reference grid is generated based on at |-east one of.

the transmission range of the transmitter of the first

v ity é¥ formsy fhg aB*??'“F*‘d?é’ﬁ'g?”t Rjeyde qbfpined py using 2 6BP. Ao, tthre

f i grig tquadednpie In@y hdeea ﬁfﬁgr&atarthdﬁﬂﬁé &Gﬂmﬁ?ﬁﬁaﬂnﬁ%y&@@bal ns
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revio ssa e
WWNW@W&W@? vehlcle and the relatlve p05|t|on of
the all other vehicles; as received by the first

v qjﬂé ﬁé)s%or'l ﬁeé@age may also contain an identity of the first vehicle, and at least
one of: the maximum transmission range of the transmitter of the first vehicle, and

an identity of the transmitter of the first vehicle; and the reference grid is generated
based on at least one of the transmission range of the fransmitter of the first
vehicle, and an identity of the transmitter of the first vehicle.

The position message may also contains an identity of all other vehicles that have

previously sent a position message that was recelved by the first vehicle, and the

relative position of the ali other vehicles; as received by the first vehicle in a
- predetermined number of previous transmission cycles.
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PCT/ SG2003/ 000270 4 The assigning of the reference 06/04/2006
poi nt may be dynamic. For all forms, the second
may use the relative position of t

ngﬂ"”&}ﬁ“ %/he maxi mum transm ssi on range, gﬁg&lﬁﬁ@mwz’m
absol ute position of the second vehicle to determ ne
the absolute position of the first vehicle. In a final
preferred form the presen# invention provides a
conputer usabl e nedium conprising conputer program
C OdEhetdagidning 8f therBlofefitt/pollt hay be dyamica processor to
execute one or. nore functions to performthe nethod
descri bed above. Brief Description of the Draw ngs In
or d&¥ 2 feas. p secpidoshiple May yeerihe wlativepasitisn of e first yehicle,
u ndmas Sibsirigh PaRemiRdicn rhrge Can mcabisdml posifdnf ot te sedoh@ Vedichal |

Q&eﬁﬁg%ngs%@( %és,i/\l%f H9Bide imtative exanpl e

pre erre e present i nvention, the
description being. with reference to the acconpanying
i | |is firabgréfsreed drna,vummesentmv\grhmbrowdébeu&ﬁpuﬂer bigabi@ thedium

il 0 determ nin
izl Ak
pr e?é‘?é’Ht? ofafy BYtefisrEonstoaniasm theimethad despribeg alie¥et for t he

nmet hodol ogy of a nenber cal culating their own

po?—fﬁEﬂdLQc Hﬁéﬂa\&ﬂa? preferred aspect of the

present ven i on ure 3 is an illustration of a
receiver being within transmtter range; Figure 4 is a
f uirt drder thiat theyséseatliivario® Eanthe @B edrstbidiang plWF ritd Yr&ktical

Ur R el Shal @RS de@é}ﬂ%deﬁk ol & n Hr%.tai’\{é exambiéh,ee?et,e?n of

a recelver being outsi

De &Rboigents Af thy P’F?ﬁét inveptiory the destripiencheing it rem@ca focthe nt

i naeohpanying ibistateaddwingeinavhich: | ar ge area. The space nmay
be global, or regional. If regional, it may be for a
countr?{ (for aircraft), an ocean (for ships), or a

snfie! ispnelipsation, obthe meghogajgy for Setarmininagietoshpembers
Vv ejfuisiidne gsingldne aspyct bithege@ntfiventioghi cl es  such as, for
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pd??’?qné'ﬁfé”d'"gﬁf’éﬁ”?fﬂfﬁﬁ‘ agReRt % fhe §’9F@§/'“‘feﬁ'¢q"ude mlitary
v dligucd s an iluairagjen of & eckiser bémg withinrtandnsitier raagd; way

| t T f
CFﬁ‘dB?EQ! id ¥ ffher i@ﬁstréﬂaﬁ of d K&iv or g tvﬁﬂl Ak ‘P%rﬂiﬁer%ﬁ%hé ying

criptiqon is faor alrcrat on grid. In the
) n 1S Rs?W@F‘E’h%f’}abeé‘e“éerlb%wgg%’tsﬁ'ﬁﬁﬁ'@m'“@'fm%ﬂer craft.
Present systenms rely on aircraft position information

i helafidd ﬁéégﬁpﬂ@ﬁ‘gf thO@PRferdd BmboiimeAsh menber in the

net wor k - bei ng

 The present invention is useable over a large area. The space may be global, or

_ regional. If regional, it may be for a country (for aircraft), an ocean {for ships), ora
smaller area such as a city or state for land vehicles. It may be used for vehicles

- such as, for example, aircraft, ships, and land vehicles requiring communication
between them of their relative positions. Such land vehicles may include military
vehicles, large trucks, fire trucks, railway locomotives, or the like.

The following exemplifying description is for aircraft on a global grid. In the

network there may be a large number of aircraft. Present systems rely on aircraft
position information in latitude and fongitude for each member in the network being
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PCT/ SG2003/ 000270 5 broadcast to all nenbers of the
network. According to a preferred aspect of the 06/04/2006
present invention, only a relative position of each
.S transmtted to nenbers wthint r
W%@@%‘é‘g& ute position of each nenber can bg(’er"%%%'%ﬂ@a”
fromthe follow ng information: pre-defined gl obe
wi de grid of reference points; t he nenber's own
absol ute position; and reéeived relative position of
ot her nmenbers. If a nenber receives the nessage, then
t hebmasiagséio athiembiye ofihe tetwork. hiccotingtesnprefarred raspeaing ¢heo
tmge 8RARventidk’S bl at J&ﬁm}énﬁ&e@m{@%é_ POk, s i%tedt ﬁe

er's transmtter, it ossi bl e to divide
gl oBEMeR %JhQWB%F?tg%'F'e-T§'F ABsolitg ppsitien, gheach Msabercesn beend
t hethtainediim hepllawgigitdrmation:o  an agreed grid and
assy gﬂg_qeﬁngggngg% RPMere -EFEoiﬂ?set wor k menber receiving
e e

t he {ﬁosmlon Messa IS a to determne the

post t sﬁ%?ef%%abaﬁi%mm@mwsm tting the position

e S ageeiay relaie@bsiion oNnihet Memigrd. d r ef erence point and
adding to it ‘the offset position. Wth reference to
Fi ﬁﬁgres 1 and 2, to keep the network distributed each
nefb@rmeger feqaives dhevarersaap.| then iigemembes muyst te i within(#6 gur e
2) tradsmiséiciopangeef thivgngerabsol ut e position (step 1) Wth
common GPS technol ogy (or its equival ent) each nenber
can acquire the nmenber's absolute [ocation in ‘
| atFiPRHHMPHRYR fandecof a nempbey'sifrgnsmitier: & fsenoesitiedo givitient

( ﬁtnep;oee) infoé Wil Sibe grih Eath UlefbbrR@médn® thek paitibiSleivelo and
t - Shqt LS. I um.range as .I.NQut s,
| B o RA e B BN DA

r e PRSfihREssepieigjahieytq dstermireiae masiien ofdrovehisl terrmitiig thehe

t r position hdseage bpdegemining the giid r@fefntetfoRt and Gedkigité i the effseiTBY
bepRpdl evi ously used and stored reference grid. In
the last case, a code for the grid is preferably
included in the transmssion. In step 3, the grid
Ui refieighce 10 Figundsi 1cind & /1e kedp tifaakiwosk dRBIBItEd @OERerber of
dehexionad: The reference point for the grid
quadrangl e |Is assigned to the

When transmitting (Figure 2):

1. Acquire their absolute position (step 1)
" With common GPS technology (or its equivalent) each member can
acquire the member's absolute location in latitude and longitude.

2. Assign a reference point (step 2) ' 3
With their absoluie location from step 1 and the member's transmitter's
maximum range as Inputs, the appropriate reference grid is generated. The
reference grid can be generated based on one of: the transmittér range,
the transmitter identity, or may be a previously used and stored reference
grid. in the last case, a code for the grid is preferably included in the
transmission.

In step 3, the grid quadrangle in which the member is posiioned is
determined. The reference point for the grid quadrangle Is assigned to the
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PCT/ S&003/ 000270 6 grid. The assigning of the

reference point may be dynanic, and the nethodol ogy 06/04/2006
or calculation of the assigning of the grid reference

WQQ‘?M’ o7fRY be agreed. The reference point g@lﬁ%%%@%gz7o

erence point in the grid such as, for
| oner left, south west, top right, nort h east, top
left, north west |ower ri ht, south east and so
forth. The nenber's transfitter's maxi numrange nay
be obtained fromthe transmtter's specifications. It
i s pref aridb|The gesignjnp @f trenmefecknienpaint trieg beadynahie sind the

on- boar dneufaearawwamufé\loh sﬁwésls.y,ﬁagyof mb%;oco reh& p%@I m%\/

regul ati o n
convent |b8r?9r8? ‘%?Pﬁe pPWE"%’éﬁ‘? E’R’dgfe'f‘i’ﬁ‘if’ %"t"bl"éhe grid
t ransni saghas, fpraﬂxgeme, drfwet lefh meuth westriop rigbt, bdithteast| top lehat

needs D@od 3B Mdwke Hgtit.S soulr) ‘éaét dé?nﬂté Yorf?f ' member’s

transmtter, he recelving vehicle can easi

det er ni HESMIRE matigem dgnge H@ayt beo ARlgned: qm f“feoﬁﬁ'"ﬁ'ﬁ@e”’s
st ored epecificationse It isgfraferalyouee-grograivagd itie thy ereldelast @cboard

accor di Bgnguy. t A}ﬁmgﬁ,a@l ih& I%Q;%{ by r@éhlJﬂQn b?Lzls%}%Jrcﬂ by a

di fferent r|d tens I N ferent _areas
gl obe. HRYEh G ‘13’ 3 FPEERE o agesmepl g H?'}'Féﬁsem%l’hﬁt"fe
pr obl emramﬁmMm ringageftracsitierscio tet aitthed eedds he Bansiitteiel Ng

cl oser @s oMy ARRARGRRS fdaeec@%g behmdcaﬁeawg&ahﬁé

area k| n ngl e not squar e,
pot entl E‘FH%’SE“H‘E’ ’°8‘L}Da%ﬁ‘ 2. sal | er . than the

maxi mnum range Preferably, the quadrangle

gggggg I THR tSeriRe SitkASyDe ghﬁeré@yac&?druir@ etE ﬁ}‘étaﬁ%%eepolsxgcggtt) e

O oo 8 Bfren g e i e, B b, Tk i

The si zeovidnd/May tosélmnetediie protdengofdicr lonpijide and jatitvde ines

?glcg: dibgamﬁ téltlsgxtnhg uﬁt‘gaﬁ}f&%&& the Rk %esou% %‘ &Hé ate
|V |

| atit ugéakg%éh @fl’{'\q% R%O%I R f‘"g)é’f’ﬁev@“% 'H% “tne

assi gn@eedrastie serliceihprothe makimur resge. cBrefemblit thelquadrangle

Tr ans Mappréx@hattlsi /@QuaeSi hkPhe é%ﬁgné) raﬁ‘di@.% AN

transmt thei.r rel

ronbor o Sitegll 3t sk? aeR i i of B fiacralil vyt be
posi ti Sfeighsagie st istipe ohthe Hvrdrapgly mah waneseoiding & -
| dent i {altudeaindlor Idrigitydet he nenber's rel ative position.

3 Calculate relative position {step 4)
The member's relative latifude and longitude position relative to the
assigﬁed referernice point' is then calculated.

"4, Transmit relative position (step 5)
Each member can transmit their relative position to all network members in
a position message. The transmitted position message should contain:
{i) the members identity, and
(i) the member's relative position.

Where the reference grid is a predetermined grid this information is
sufficient. '
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network of nmenbers in the reference grid includes
ters of nore than one type and/or
W(}jgotﬁgég?lrgnsm tted should include nore data(trlzg}'%ﬁf%)ﬁ(g%
generation of the reference grid. The extra data
included may conprise, for exanple: (i) the maxi num
range of the nmenber's tran§mtter and (ii) agrid
code to help selecting the reference grid froma
predeterm ned |ist of reference grids. The maxi mum

transmi tyf gy &8s HFﬁfbeRein Sl m@eénre%ﬁu's@hh%némmers of

standard, a protoco nvent | on,

Recei vi AP BPa g ReGseihy B GG gos reie
(step 6)datR€ln:e13b}e garepaﬁm dfit@relmessage Thoatrasts irelided
netvvork ]s%@m{),gg menber”) and recogni ze the
maxi mum range of ransmtter of the sending
menber . (b, Abg R Rags o e memars fransmitie &1 7) Wt h
gener al (iy avaidrdbéode GPShdie shisdhg gife (referehdes grid from a

equi val ent) ,p,&g@"ﬁ"?a%%ﬁ@emg& ?&sm nes its absol ute
e an

| ocation in lTatitu on i'tude. Cbtain reference
grid (step 8) Using the maxi num range of the sending
e rithe magimum drammiittet @ngeasay bt sétidg ragbibtion, d starkilre, p@stbdol, ON .

neggg,ggnhopg;%égmgme appropriate reference grid by
ei ther bei ng generated, or by retrieving a stored and

previously generated reference grid. The reference
gr Recetvinp {(Higeredi®t er mi ned at the discretion of the
receiver. 4. Cal culate the transmtter's absol ute
po |t|r€e@$ste The recei ver determ nes the grld
ere eporiops{pieRPlat es the transnmitter's
absol utFéacgmsatnomvn méssageciosi wmthel setivbrk mdmbet (feending

posi ti GRunbmbsi dr}gooameeme Qi r'ar‘igetd? 2y {rarrarnia@r of fhaToer s

in .the n tmork urrng the receiver’ nex
trans ms§

2. . Acquire absolute position (step 7)
Wth generaliy available GPS technology (or its equivalent), the receiver
determines its absolute location in latitude and iongitude.

3. - Obtain reference grid (step 8)
Using the maximum range of the sending members transmitter as
transmitted in the position message, obtain the appropriate reference grid
by either being generated, or by relrieving a stored and previously
generated reference grid. The- reference grid can be determined at the
discrefion of the receiver.

4., Calculate the transmitter's absolute position (step 9)
The receiver determines the grid reference point and calculates the

transmitter’s absolute position.

" The receiver is then in the position of being able to send it to all other members in
the network during the receiver’s next transmission cycle.

SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) 06/ 04/ 2006 WD 2004/ 097448
PCT/ S&003/ 000270 8 For each relative position there
may be a different reference point. The sending 06/04/2006
vehicle will have its reference point. The receiving
gy share the sane reference po
%gﬁgghﬁﬁf the two vehicles are in the sangﬁd%&%pémmﬁ%
in the reference grid, but not necessarily. If the two
vehicles are in different quadrangles of the
reference grid, the referedce points will be different
if the sane nethodol ogy for allocating a reference
poi her cadh rgigiive positien thefegmay, betdhydifferant referance puindwihet seeding

ggﬁ @dhidlevilRse itd :@i&reﬁéesidg@ $@1€§‘erwng-r?g§ct:!é ﬁ'?@ﬁ%% tg& el hen

cyclreronie BE e R TRRRE A rste iplenein b St

i nf 'Br“f*ﬁatefetﬁﬂca)ﬁﬂdt h'ei neb secessarly. off thédbvo wbickds age u alifieehte.

.Aﬁf B o MG A M Dol PR B oy
'ﬁ %%?qrsﬁogﬂ%a e%ﬁ?’&?'?f’ﬁ'“ 8l°’f’dr eceived in a

pr edet erm ned nunber of transm ssion cycles so that

t hérhereffeOthéTbdivarknbs b hdshiute BbRi6ABithe sedda Pr edet er mi ned
nunberof will vary according to the nature of the

vehicles. For relatively fast vehicles, the .
pr dde reseiver gardtherusand its wpditon nigesage Ingitsi newl tian$noigsion mwtle. f or

r elTﬂé ﬁrﬂr%hﬁés:&d ﬁ.%sx@éwwmla@@,comﬁﬁ ;ﬂarﬁ,%wf Mk BPRE May
The r eregl?:en% %igls constructed in

o0 et WBubE ! 9 coliRpleSich B 39088, e
t FéyTaation IOF thse posilion yf drﬁewr@mer\em]@ nayi bt linigedwioi sloh t he

r e infiThatien REel in%r&ﬂiénmﬁe@fnﬁ:hbé? eﬂmnaﬁtssnda%yaé%s kn4Ehe
%@Ha‘%ﬂ} is stn {e‘?evg!lgajfﬂ rpéeélgtgwgﬁ n* efévﬁld b%@%ﬁm@% tﬁ grid
t r B Pk ibeyeliclest eor eefativaly festivehidiest then g’edehwmetbwbeedﬁ ‘

MessregReMMoly] bufiioNrBlafvely B8 Vénitles, tRSpibdeteRindddhiMber Ralhd O
- FighEBRe3 t0 5 one exanple of a grid structure 10 is

shown. e receiver is shown by the large dot 11. The
transnitter is at T - but can not be the centre 12 of

Ci Thelreferdide ghN 8 cohstrtidted i IudhePWASBALS dabie pdbish- mé&hgreange

f
Pl el ol SO b e Wb B8 AR S b ME B ipE iy,
c dfferkaowing the regpiver fogatipn, Thipgusiity it beashieysd iy msiome ghigt a i s
I hatilsi twe tirmes lhrer thamily rah@f df theCeaiBHiitted) ATReRSoré EABIFGE t er

at‘lp'%?é"’regn’e&%e‘ﬁ'?%\{ sﬁlﬁmaﬁé Jihe Ts' instances.

Therefo 8sition T is deternined bythe
l ocation of receiver 11. The radius of the <circle is
t ITe ref@ nbw o Figusss Gdo 8Nihe ieSanﬁi;féSdf g3ad Shictire 1bheshdivi.f Bieence

RS 5 ke B B GBI i BT ©
cenire 12 of ‘circle 13. The clrcle 13 represents the ma)umum range of the’
transmitier of the transmitting vehicle T therefore the only T that can be the sender
is the centre 15 of circle 16. Note that the position data is relative to the lower left
corner and the transmitter T location can be in any of the Ts' instances. Therefore,
the actual position T is determined by the location of receiver 11. The radius of the
circle is the maadmum range and is designated r. The difference between the total
maximum range (i.e. the diameter of circle 13) and the size of each quadrangle R

of grid 10 is Ar. Therefore,

R=2xr+Ar
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of grid 10 is dr. Therefore, R=2xr+Ar SUBSTI TUTE SHEET
(RULE 26) 06/04/2006 WD 2004/ 097448 PCT/ SG2003/ 000270
9 where Ar is an agreed safety margin. Preferably, it06/04/2006
is agreed upon at a practical I|evel and may vary
g to many factors such as, for ex

W&E&%p%‘%f t he vehicl es, where they are, %’%&m#@?‘{zﬁ"
It should be considered as a constant during
operation of the system It may be, for exanple, 10%
This allows transmitting sfaller position nessages,
W t hout reducing the required network accuracy. The
showhere Attifran agpect Bzfaly rarye Fofferbthe it IiﬁgW!éﬂ Kpontd’dé pheficher
o0t 750 ;
p ie'UQl érﬁl rhz{}'@alﬁdgé%rdﬁg {o%&?'i&%lo\rs Jﬂ&f? o%xg IantRe Tlaill? %g

tran
haI ipe t’?\"@'eévl“ﬁ’éfe(t@ﬁ afg and\pg fath. Blshc)“'déﬁ Caflsfﬁ’elew@i* R cqustent a

80 0diingeptrationobthgsysterhN it megbeefort@mplgribd. has a quadrangl e
size that is greater than, and preferably at |[east
twce, the maximnumtransmtting range. Figure 5

i |1 Tistalensdnsiiing smeliap epsition messagast wihalet redveing the egritedsi on

r angonf acdliraty. tThe Bisoftert the inadimom Qe ebf ﬂi’teeWol"k' the Qetter
regei-ue ot he..nos SS t age
t hgﬂ}rﬁg%gger’rqﬁnf E‘% é,&{)"?f{ﬂ%\h%gl f'%g‘reee n'{'—'g? r | Ork %‘!F%Hg‘fc"éﬁ

d o dénsptifter,gnaR; withbg half fheesize 260t V5 53 bE @a@hﬂoﬂtemtauawgoaaf _
ai meteafahge. N previ ous conmuni cati on cycl es. Consi der an

exanpl e of a global network for collision avoi dance of
marine vessels. This network may use 2.4 Giz | ow
poiBg refereReRsgridihee 2 quatrangle size fhat is igfepien thpm ené prefe@bly abar t
15 Rast Wi, thamgdminhtednsisitifdrande. appl i cati on requires has
to be within the response time when a warning of a
pogsi bl e future collision arises. One-m nute warning

i sFigiee £ ifustEtes when crembge 11 fseoulside die rassmissionaraasd of Bhid t o
Cr easmitieTaod thhrefor valiuiod Reeiveiaé Westion inBSsageMHOWeSS, &y Shis The

r aagb% tﬂé\ﬁ&mﬁéﬁ ?ﬁﬁlmc'a Qﬁé}ﬁﬁt \ﬂﬁe{ ﬁl!lad}aﬂ%g it agdk Bllﬂ'égm% ?t dées S

t han i mum r an
al Pejpus ?‘1%‘"‘ d@ia%’éa'tc@ﬂwwow eREINUNIgatigh Gyclgs-i d havi ng

4- Km quadr angl es. Each participant can transnit their

9 | Gﬂi\ﬁber BR Slaknpie Br é’@l&bgl etwolk i d gllls%ﬂsé\n;l&a%b ma%ggﬁegh e

sent I nvention al so provi des a conputer

me SRReE MY e %ngH%'BWﬁﬁW% FH'EFUGFM'B S dimitatign of FCC
c qpafti1§fr cldke trange dhat such Pr eypdistion redreehec it Be Guitkin e

s?orfsle’ Bk WRESa Waming bf £ pslsibl euunrsgaﬁ;%n dRss! 'da@qumove'
er abl X .a transm ssi ons and receptions may
Jiefng 5 St fﬁ%q Eﬂq""BB‘?&r i&e direction of a ship and to creafe enough

clearance between the two vessels. The range that vessels can travel in one
minute is less than 2 Km, so a network with a maximum range of 2 Km allows the -
globe to be divided into a grid having 4-Km quadrangles. Each parﬁciﬁant can
transmit their global position with a 26-bit position message.

The present invention also provides a computer usable medium comprising
- computer program code that is configured to cause a brocessor fo execute ohe or
more functions to perform the method described sbove,

Preferably, all transmissions and receptions may be automatic. An on-board
+ computer for each vehicle can perform all necessary computations. *Preferably, the
" on-board computer is directly linked to the transmitter-and receiver to enable full
digital fransmission and reception. Transmission and reception may be in
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conputer for each vehicle can performall necessary
conputations.' Preferably, the on-board conputer is
directly linked to the transmtter-and receiver to 06/04/2006
enable full digital transm ssion and reception.
L,sSi on and reception may be in SUBST _
W‘?ﬁ%ﬂ%“%) 06/ 04/ 2006 WD 2004/ 097448 PCT/ SM&@E@E{I{'
10 accordance with TDVA or CDMA standards and
protocols. The vehicle may have a display for
indicating the relative poditions of all vehicles
within the quadrangle of the grid or transm ssion
r argecrdaficecwith TRNAr CBMA standziia pmvgirotorals. Mibeehiele triag haver
bOtarHIéBfay ﬁaﬁﬁéaéauﬁboﬁé .tetam pBERAGH 8P venRiBSwiT fe JRbAhdES

gn nessa The ‘nore detail ed position nessages
AT IEnFIIRs faé‘F’"ent | evel s of detail, but all the
p05| tion messages should contain the detail of the

Smab c&mﬂt@mcmm%ve e.:hé}%r Bof O@Lmaﬁmm,ﬁ ek f the

send | I's icable to alT |evels
o S0 a5 ddiag prSiton ierssnet e Brealer Gosiion mssseGe gy of

t heordHirf difteraptievelseidetag, nf alldetpasiion meysaggspbauld dontaia the

c 0 GBHFHf ﬁ.@&marpo%we%ges\mhé refbtive Bssﬁtﬁn b é@ﬁcﬁ@ vigger i bed

6 @m n description aegre erred enbodl nment
'ﬁ'@ayp‘ifé‘g Ihgble %‘Hﬁ‘tels(? he mgssgg Ia"%'@&iﬁ?ﬂfélhé‘i"lgé&‘”by

t hmo;f,tbe Hiffereht lepelg dfeemttmylmpmlaogy canimaunication gesgian.i at i ons
or modi fi cation in det ai I s of desi gn, construction or

i.on de departing fromthe
OPEhE} e TR, pes, % TGRSR F prefeied
06¢r®bﬁl219ﬁt@f the pféh@lt trlltrfaittmrs it Will he\ ug¢e|rsibob &y tdsd skilieg imithsi on

syﬁ&rﬁmg‘y%t ﬁksaﬁsﬁauansrwmwcaroh WiefRRSdr b scoaémmﬁ i cl es
hei r 03|t|ﬁ]n3|na a angeo a

r e?pgfa ‘W&?Ya? l"a‘% "@‘&‘8‘” Bengﬂ Miep ™t ransmtter
and a receiver, conprising the steps: a) det er m ni ng
an absol ute position of a first vehicle; b) obtaining
the reference grid; c) assigning a reference point in
the reference grid;.d) generating a relative position
of the first vehicle relative to the reference 10
point and e) the first vehicle transmtting a position
message containing the relative position.
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20 el g A Brute ostont 1Y R Gl 7% RGO e

2. A systemas clained in claim1l, wherein the
reference grid is obtained by 15 retrieving a-stored

and previously generated reference grid. 3. A system06/04/2006

as clainmed in any of claiml1l or claim2, wherein the
absolute position is obtained by using a GPS. 20 4. A
systemas clained in any onejpf clains 1 to 3, wherein
the reference grid has a quadrangle size greater than
a Mehdp.d ransnm ssion range of the transmitter. 5. A
systemas clainmed in claim4, wherein the reference
grid has a 25 quadrangle size at |east twice the

maxi fum tA @ﬁmdeﬁ l tfwsrﬁlﬁé'tﬁlesys@m for %fé?rﬁﬁhg?%léﬂv@'pﬁﬁ%nb Iof
any erence EO | n

£ac
rief eYebisledaying atransmifer antl e receivérecomposingtbe siepas  gener at ed

by an agrﬁﬂ&erﬁm@%%gﬂ){epéﬁoﬁofa‘hrs?¥§lﬁc§én as clained in
claim|l 3 to 6, wherein the

opne of clalns :
referenc a‘i‘a}?%‘" E’ {fg #5888 based on at |east one

sel ect ed o) assignindra refarenap poictdmtbe sdférageqfid; t he ,

transm sg

yehicle el el e e By e

ecé’ﬂﬂt icle. 35 8. Asystem as clainmed in claim?7,

wher ei n ehibe sk vehisie ttahemitifg 3 Hlosition’ Ae88ge dontaitigthd Retive

frce%@ ioapeci fication of the transmtter. AVENDED SHEET
AU 06/ 04/ 2006 12 9. A systemas clained in claim

7 or claim8, wherein there is included an additional

step: f)Axpten ¥é agmbd Podh e, SREEH me\t@ft@eﬁéeegrﬂ xfﬁ&éuﬁéo%
S re (0] on of e
1§ R 20430 B el gh ok SRERREIHL T Lot ve

position of the second vehicle, the maxi mum

tragpsm sg lsﬁibn’f aél GIEIrnearHjaﬁm R Al SRR 95 vhdr @R ¢ abs%lt]@

irst..vehi c e the absol ute’ position o
thﬁé%%%'ﬁab‘@aﬁ%wmgi& SA systemas clained in claim

9, wherein the p03|t|on message also 10 contains the

20t r asmi %éy@t@m%@%ﬁﬁne@ in énli}%Fé SRR 1 8 whdr %II’I B]% réfgl%ﬁ%dqnﬁe

: ve icle and an identit

25
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35

the second ve
Féh@léadgﬁ'ﬁglﬁ pige géq%ef 4haq 2 AU riragsmissiemn sangg e the
selt_lansmtér.f romthe group consisting of. the
transm ssion range of the
5. A system as claimed in claim 4, wherein the reference grid has a

quadrangle size at least twice the maximum transmitting range.

6. A system as claimed in any one of claims 1 to 5, wherein the reference
point is selected from the group consisting of: an agreed reference point, and the
reference point as generated by an agreed methodology.

7. A system as claimed in claim 1 or any one of claims 3 to 6, wherein the
reference grid is generated based on at least one selected from the group -
consisting of: the transmission range of the fransmitter of a second vehicle, and the
identity of the transmitter of the second vehicle.

8. A system as claimed in claim 7, wherein the maximum transmission range
_ is obtained fromn a specification of the transmitter. '

'AMENDED SHEET
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transmtter of the second vehicle, and an identity of
the transmtter of the second vehicle. 15 11. A

systemas claimed in claim4, wherein the position 06/04/2006

message al so contains at |east one of. the maxi mum
transm ssion range and an identity of the  first
vehicle. 20 12. A systemas glained in claim11,
wherein the position nmessage also contains an
identity of all other vehicles that have previously
sent a position nessage that was received by the
first vet gistem amelaimpd inradina 7| of slajio 8i whasein dfere isdnclyded an
ot hefddueta eées; as recel ved by the first veh| clein a

pr edet er 1 ned .nugbm ﬁ%ﬂp& ' § @nsm sSsi on c% cles.
25 13. A's{STEN A4S c‘f‘%u g i"RER Y B?? OB PT &
52, relptive ppsitiontebthe sedond vehiclenths §atyeshicle usipg thevelifive pbsjtion of
sec Qﬁédse\é&m \féhi@Ie tﬁ@ ﬁiaﬁrﬁﬁrﬁ ﬂ‘gns\ﬁfgéioﬁ |ré?igb‘ Sdn@ Qlet:-;B@olut@ baditiod 8f

posi,t

P r = i urhice B apisiine it Sl ghutimal e S8 KHF- of ¢ he

second vehicle to determ ne the absol ute position of

o1 Ao SERIT 8f cfi i cidhn I B B, SRAEH Bhlbde aeo

Bos F?Wt%tﬁ? fraBsTiRpion rag| o ther tragstpiereef dhpogecgd wehiclg gnd an

v ehidetitys ofntay isa@ntl vatildeTidnti @icSreRdhce HAE & geaérstedtuaeed on at
net 1'3.9& ond @fé&?a ) ttﬁ? 8?058 %gnas?ﬂgogf ftﬂes%gnggﬁ%hiﬂr? r%ge o{ the

determning |
ve hi“’%‘f'ls'é“ﬂéb?fdh?]‘ﬁﬁ‘i?g"q Yﬁélepe@r@r@né@ﬂtymf ¢he teansmikier df ithesgecond
veh\yeﬁic@ assigning its reference point to the reference
5grl d; d) the first vehicle generating a relative
position of the first vehicle relative AVENDED SHEET
JocHrei A spa#rods2camed In cloim #s wherkipr bagesifion messagadise)
t h Q:of':l!afn§ ot K8 b @ IR HLRHUA tRRMidstoR f}aﬁl{;%%?.a%ﬁ ldentlty of the
r]'ll‘ﬁr'] the relative position. A nethod for
det M7 g absol ute positions of vehicles fromtheir

relative positions in a quadrangle of a reference

- 200714, ald s}é%?r\ ek %Eonﬂéﬁvi'n NGkt 11 Wﬂ?nﬁietﬂh? @o@% fhessage also

recei ver, risih
contains an |dent:ty of all other vehtcies that have prewously sent a position

message that was received by the first vehicle, and the relative position of the all
other vehicles; as received by the first vehicle in a predetermined number of
previous transmission cycles.

25

- 30

35

13. A system as claimed in any one of claims 11 to 12, wherein the position
message is receivable by a second vehicle, the second vehicle using the relative
position of the first vehicle, the maximum transmission range, and the absolute
position of the second vehicle to determine the absolute position of the first vehicie.

14. A method for determining relative position of vehicles from their absolute
positions in a quadrangle of a reference grid, all vehicles having transmitters and
receivers, the method comprising the steps:

a) a first vehicle determining its absolute position;

b} the first vehicle obtaining the reference grid;

c) the first vehicle assigning its reference point to the reference grid;

d) the first vehicle generating a relative position of the first vehicle relative
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a) a second vehicle receiving a rel ative position

message froma first vehicle; 10 b) the second

vehicl'e obtaining the reference grid; c) the second 96/04/2006
vehicle determining its absolute position; and d) the

second vehicle assigning its own reference point.ln

the reference grid, whereinjghe assigning of. the °

reference point is dynamic. 15 16, A nethod as cl ai ned

in ctoatg@fé;g,oe phig &ign the reference point of the
second ve tﬁe g@ls det erm ned by the second vehicle.

17. A net YihicieeRding,a PrsfiIop eeseage opipiniag e relative 6.
wher Bsion-he ref erence 20 point isselected fromthe
group consisting of an agreed reference point, and'a

f e at an_ agreed net hodol o
1§ Tt B oA thebilis oSSR s el g Ly i 7.
Mer@PWw@ quadrgegle of & referénee ghislt aivelideschavitga rabeliaroa

pOi neqefvbheleh%ﬁﬁﬂed?ﬁpﬂstme“%te;{af the first vehicle being

25 the s fere.nce oLnt aqf the second
vehi ¢l e. %gg ﬁ%n recgmaq &’ iPASAy MR P fhs

1. 5 VEiEd %7, V\/nereln the first .vehicle determnes its
--Weferencb)mmbndvéhfﬂeélﬁ‘rﬁfg@ﬁm@fe@ﬁ&e dof the first

vehi cle %Mg%ﬁ%%kﬂ'ﬁiﬁqﬁggw@ )oi nt of the

. 'second .v qh I n any one

- of clai % S¢ognd, whicigiasigning "FW@"M Povbihlﬂéﬂ gference
genéf!dat es a relative position of the second vehicle
“rel ati vewficfin thé SsslgRhESrARTRereRa gﬂht@%grgn A method as

16l @ med in claimany .one of cl 0 19, wherein
the reference grid |Is obtained by retrieving a stored
and'%r evh 81681 2§ it in dlainy ¢5,ewiersire thg risldrendeMiDiGD the

- SHEESondIVEITINAG dOBivkl BPR6 sekdndd@hind method as clained in
any one of clainms 14 to 20, wherein the position -

rressage contai ns at | east one of a maximum
tr adsni S5Teipdagslgimedin any ene eficlaims it tis 5. whéreln e refemme

20ve hJIO!Jt i8,seladted from ittdenbupt oonsdfting breant 4gheed Thiblefde ﬁ%fnt, tahe a
se Gé?&@noe\bgm ééhﬁ'ated by.an agreed methodology

18 A method as clalmed in any one of claims 15 to 17, wherein the first
vehicle determinies its reference point, the reference point of the first vehicle bemg

.5 ihe same as the reference point of the second vehide

19 A method as claimed " any one of cfaims 15 to 17, wherein the first "
_ ‘vehicle determines its reference point, the reference point of the first vehicle being

: different to the reference point of the second vehicle. .

30 _ -
20. * A methiod as claimed in any one of claims 15 to 19, wherein the second

| vehicle generates a relative position of the second vehicle rélative to its reference a
: pomt

35 21 A method as claimed in claim any one-of dlainis 15 to 19, whereln the

| teference grid is obtained by retneving a slored and prewously generated
. reference grid.
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5 23. Anethod as clainmed in claim 14, wherein the
reference point is selected fromthe group consistin

of an agreed reference point, and a reference point (?6/0'4/2'006

generated by an agreed net hodol ogy. 10 24. A nethod as
claimed in claim?22, wherein the reference grid is

obt ai ned by being generated faased on at | east on
selected fromthe group consisting of. the

transgl ss 'Mﬁetﬁ&i“&eclé?rf\eé Henj ?ﬁé"?:frplaﬁrﬁseh 820! ?ﬁeréir? &%rh%sntlon

vehicle, and the identity nsm t

secoMFSTAgR; faniains 3 loast ‘K'errﬁft Ho aEnug) fpnpEtssion rarge ehdhe
of cliransmsttet 4f the @<, vehibler aridnarl [entb6folht! tr@nsnites iof itNsdcdnd
obt aigpge by using GPS. 26. A nethod as clainmed in
claim 22, wherein a size of the grid quadrangle is
g?eater than the maximumtransmtting range. 20 27. A

net hedl asAchettioded clame@hrabla'tTZﬁL, wHéP@:ﬁ %ékeierb%c&b&ﬁ i9feidc

grid east t

Pr anti 26 68 EolsBanddly ot leRied ol Ao esege b
of c$%?ﬁ?dﬂanﬁwee%emlom7 wherein the 25 maxinum
transm ssion range i s obtained froma specification of

112194 "1 s dtur FRIm 2 wheet 15 eioinacscu @ apatod by

conthging Yepgrated bagedton abfeastiom s‘elex:isd fremtthe breup Séhsifhg ok the
met h@ﬁsrﬁ@sr&' r@hd@‘iﬁ tHe TraAEHit 2R s F&Jlné‘ Vi ciel 2nd fe %d]envtg pfthe

wherein flﬁ tion message also contains are
posﬁ'f“f'%?f %P ﬁée"PT“f‘éeP’C\?ehl cle. 31. A nethod as cl ai ned
in claim30, wherein the position message al so

§0nt29' ns A%eth&eé%téfaww% ahg%l f deelime 2N %ﬁ, vll{rgﬁegrgthg}abﬂ%e

| east _one t ransm Ssi O

traH%?'Fl"f‘t’Se‘fbt"’lﬂf‘Edlbhés"FQ‘F%‘i vehicle, and an identity of
the transmtter of the flrst vehi cl e; and the

e e o e T R

ran@féatéﬁthﬁmemﬁgﬂhﬂﬁmmﬁlmraugﬁe first vehicle, and an

20 dentity of the transmtter of the first vehicle. 32.

A rga,thod asthcla ?f} any, one of clains 14 to 31,
whet'ei n 1 & 8%@%? "gFc In g2 %@e'élﬂ'éeo‘-“?@&mhﬁigﬁ%q‘@ﬁfangfe is
i deﬂﬂqasfywm thgImaxipwhdransraibsiarl resget hat have previ ously
sent a' positi on nessage that was received by the

flrgt vehi c and the relative position of
. Ame od as claimed in any one of claims 22, 24, 26 and 27, wherein the

25 maximum transmission range is obtained from a specification of the transmitter.

30

35

29, A method as claimed in any one of claims 14 to 28, wherein the position
message also contains an identity of the first vehicle.

30. A method as claimed in any one of claims 16 to 21, wherein the position
message also contains a relative position of the first vehicle.

31. A method as claimed in claim 30, wherein the position message aiso
_contains an identity of the first vehicle, and at least one of: the maximum
transmission range of the transmitter of the first vehicle, and ah identity of the
“transmitter of the first vehicle; and the reference grid is generated based on at least
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the all other vehicles; as received by the first
vehicle in a predetern1ned number of  previous

transmission cycles. 10 33. A nethod as clained in 06/04/2006

clai m 14, wherein the assigning of the reference

point is dynamc. 34. A nethod as clained in any one
of clainms 30, 31, 32 and 33 wsen appended to claim 30
or claim 31, wherein the second vehicle uses the

[ 2ton¥ Bt i uaATSIR RarBl of HE hlohibfor Y filsGenilil Gn BN (Y
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conput er usabl e nmedi um

ti ude Ion
cogn'pgrl Si nﬁ metha at ?'mﬁg%‘f’%{’ﬁﬁéo\%‘a@'ﬁﬁl& gsgigningof the reference
confrofpbis@inamic.cause a processor to execute one or nore
functions to performthe nethod of any one of clains
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‘A method as claimed in any one of claims 30, 31, 32 and 33 when

appended to claim 30 or claim 31, wherein the second vehicle uses the relative

- 15 position of the first vehicle, the maximum transmission range, and the absolute

position of the secend vehicle to determine the absolute position of the first vehicle.

" 35, A method as claimed in any one of claims 14 to 34, wherein the

_ quadrang!;e'is selected from the group consisting of regular quadrangle, irregular
20 quadrangle; rectangle, and square.

36. A method as claimed in claim 35, wherein the quadrangle has at least one
side that is not straight.

25 37. A methed as claimed in claim 35 or claim 36, wherein at least one of the
size and shape of the quadrangie varies according at least one of the latitude and
longitude.

38. A computer usable medium comprising computer program code that is
30  configured t__o cause a processor to execute one or more functions to perform the
'method of any one of claims 14 to 37.
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