Grid-Based Transmission System Field of Invention The invention relates to a grid-based transmission
system and refers particularly, though not exclusively, to such a system to enable efficient sending and
receiving of WOsHioHATe4Bages for determining absolute positions of vehicl®CIHSGERWOBAckground
All applications for location-based communication, command and control systems use information
based on an X, Y-axis reference. When a network of moving members is involved, information has to
be frequently updated. Depending on network's requirements for resolution and accuracy, the
information may become a major part of the size of the message frame. Where the system requires
worldwide operability, the size of the ¥rid-BieemTiimsrinssionSysteirr resolution is, for example, greater
than 52 bits (26 bits for X and 26 bits for Y), to cover 40,000 Km. If the range of the communication is
three or more orders of ma nltude smaller, the receiving of a transmission allows one to assume the
position of the traR$I&HIVHLIRRer. Some world-wide networks limit by regulation the maximum
allowed transmitter output power. Summary of the Invention According to a preferred aspect of the

present invention figraveniée visiassa s drivasadd ipdsmissdars gateie niorefpéepaniningly elative positions
of vehicles in agrtﬂoggﬁgs DRI SRR F%{M@%ﬁ%&ﬁ.&ﬁ@%ﬁf%%@{ nd a receiver,

comprising the steps:™(a etermlnln ana te position of a vehicle; (b) obtaining the reference
grid; (c) aSS|gn|ng°5W?§|‘E?BH@ésﬁgﬁft Pﬁﬁ%"@'ﬂlﬁ'ﬁf’é‘a\’ﬂﬁBPé't'ﬁﬂfﬁlc(dﬁeB'éﬁé A% Felative position of

the vehicle relative to the reference point. The reference grid may be obtained by being generated, or
by retrieving a stopagkgrshpgeviously 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

All applications for location-based communication, command and contirol systems

use information based on an X, Y-axis reference. When a network of moving

members is involved, information has to be frequently updated. Depending on

network’s requirements for resolution and accuracy, the information may become a

major part of the size of the message frame. Where the system requires world-

wide operability, the size of the X-Y information in a one-meter resolution is, for

example, greater than 52 bits (26 bits for X and 26 bits for Y), to cover 40,000 Km.

If the range of the communication is three or more orders of magnitude smaller, the
receiving of a transmission allows one to assume the position of the transmitting
member. Some world-wide networks limit by regulation the maximum allowed

transmitter output power.
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
guadrangle of a reference grid, each vehicle having a transmitter and a receiver,
comprising the steps:

(a) determining an absolute position 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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2 vehicle's transmitter. The transmission range may be obtained from a specification of the transmitter,
and the reference point may be an agreed reference point, or a reference point generated by an
agreed metNHdal9¢P98re may be included a further step of the vehicle s@&ditt§HHIHIIBI message
containing the relative position. The position message may also contain one or more of: the
transmission range; an identity of the vehicle; an identity for all other vehicles that have previously sent
a position message that was received by the vehiclez and the relative position of the all other vehicles.
A position message previously sent and/or received may be at any previous time and in particular may
be within a pre-deternigie dangmber aht aassriBsionraygiasaytesbaingd franh adgiimatiyn there may be

included an aqditi g glERBhiee Shafe 1O EAR ey HElBrPaBRRN A ASS B canKaIning a relative
position of the second vehicle. T ’%esmon messaggﬁar%D earl?also contain the identity or transmission

range of the transAaEret ?ﬁ@ts"&% OdMiBALR {3%of the second vehicle. The reference-

grid may be generated based on the identity or transmission range of the transmitter of the second
vehicle. The referemes: G} Rahdedge AR SPAITING tenihie ahaniyte pasitomiaaiiew for different

anid sysiems 'n dESHRAIIRS AR ARiRnT A IIRIAVIE SN SpRE G L1G0lem of the

longitude and latitude lines becoming closer as one a roac es. the north and south poles area

making the quadraffeohidPe B Ah F MR SR) Y aﬂqVi’S YRR S MG A A PREN the
maximum range. Pebideatihat fraye) pedicusly e sroriitencsessagadnet wea feeeied dneteered form, the
present invention aseIpr avifler adnaekbabdmbs erar@ iningne| atmelgo sitopetiste meksada a grid

quadrangle of a referenes grg, a%'&/xreragé%m\éweaamwmﬁsa@mers&@m aiAGi4PRiLpd comprising

the steps: (a) a first vehicle determinjng.its apso UterPOSItIOI’I é the first vehicle obtaining the
reference grid; (c)%s"%'f@ﬁﬁ&@?@*@?@ﬁgg TTRES R PAYERIOn &S ger?d (d) the first vehicle generating a

relative position of the first vehicle relative to the reference point; and (e) the first vehicle sending a
position message suntativing dhadetiatviy, absié oy be included an additional step of receiving

from a second vehicle a position message containing a relative position of the
second vehicle. The position message may also contain the identity or
transmission range of the transmitter of the second vehicle, and an identity of the
second vehicle. The reference grid may be generated based on the identity or
transmission range of the transmitter of the second vehicle.

The reference grid may be generated according to the absolute position to allow for
different grid systems in different areas of the globe. That will provide a way to
eliminate the problem of the longitude and latitude lines becoming closer as one
approaches the north and south poles area making the guadrangle not a square,
and potentially making the quadrangle smaller than the maximum range.

Preferably, the quadrangle approximates a square.

In a further preferred form, 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 transmitter and receiver, the method comprising the steps:

(@) a first vehicle determining its absolute position;

(b) the first vehicle obtaining the reference grid;

(© 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 position message containing the relative

position.
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3 In a penultimate preferred form the present invention provides a method for determining relative
positions of vehicles in a grid quadrangle of a reference grid, all vehicles having a transmitter and a
receiver, theMaeMddBdilprising the steps: (a) a second vehicle receiving aR§FsHANFBYRGHe from a
first vehicle; (b) the second vehicle obtaining the reference grid; (c) the second vehicle determining its
absolute position; and (d) the second vehicle determining the first vehicle reference point to the
reference grid. The reference point of the second veBicle is determined by the second vehicle, and is
preferably selected from an agreed reference point, and a reference point generated by an agreed
methodology. The llirst yehitiesleterenines itcrvetasepesapointetiien eferanas paindiaidtier first vehicle

being the same as ff AiffareNLI; NG AGIRIRNGS AL L e REARRLNARIGH: ERGSEER vehicle may

generate a relative Posmon of the second vehicle relative 1o its reference point. The reference grid may
be obtained by beifly §RREFARAGT KR FAHELRNY AEESNSE LISd RSN 9ehs &A% ference grid. The
reference grid mayd@e geneestad ishidsiregaiddavsiopMmpeesagafmmrdirsiviiiciist vehicle or a
maximum transmit{i)g rangaedoievtinassuttasin teadissénseiyste. For all forms, the absolute position

may be obtained b )usin%géég)§d %ﬁ@,él&&&%ﬂgﬂg%%ﬁ%@ﬁy&g size greater than the

maximum transmitting range. Preterably, the reference g as a quadrangle size at least twice the
maximum transmittiig raH%e.seFﬂdelﬂ] 5 SrRIETRIRg iy STk S U RaTRTRIRNR MR JP 8 first vehicle,

and at least one of: the nigfgigngmatidnsmission 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 ransmissofARARALNENAR D LELAT IBAJESE YERIFIR.AR) AR Leslivglidacafignomitier of the

first vehicle. The position messa%c;e maﬁl also contains an identity of all other vehicles that have

previously sent a poSIRHIILSEGECHh IPW 2" 38E0R dHY AR RSl ATE P AR ERSE ANt e position of
the all other vehiclegnesaiedby¥ioe @gpath afitkadalatc|eTirediisiagbide terminasnitserefdrenesious
transmission cyclesing ihbechasigeipaifdhng dferesiasninguryshed yaamisiefenr taltferms, the

second vehicle mayusedhsoialaivg RashipteabieisluehiFlRnilie MaPdoidmLansgiRsion range, and

the absolute posm&% : l(1; g%?tﬁéaggc%cri‘ 3’931'%2 rtga%%%r{gér}gfet}pe% caebF;so?rl,gte position of the first vehicle.

The reference grid may be obtained by being generated, or by retrieving a stored
and previously generated reference grid. The reference grid may be generated by
using the identity of the transmitter of the first vehicle or a maximum transmitting

range of the transmitter of the first vehicle.

For all forms, the absolute position may be obtained by using a GPS. Also, the
grid quadrangle may have a size greater than the maximum transmitting range.
Preferably, the reference grid has a quadrangle size at least twice the maximum

transmitting range.

The position message 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 transmitter 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 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.
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In a final preferred form, the present invention provides a computer usable medium comprising
computer program code that is configured to cause a processor to execute one or more functions to
perform the W48 &4t ibed above. Brief Description of the Drawings In GYIESGRAOFOBAEsent
invention can be readily understood and put into practical effect, there shall now be described by way
of non-limitative example preferred embodiments of the present invention, the description being with
reference to the accompanying illustrative drawings i which: Figure 1 is an illustration of the
methodology for determining network members positions using one aspect of the present invention;

Figure 2 is a flow chrradeigting oreibagdelasy phint meybeayeattelating their own position according to a
preferred aspect of the present invention; Figure 3 is an illustration of a receiver being within
transmitter range; {:Fé?ure 4 is a further illustration of a receiver being within transmitter range; and

rat

Figure 5 is an illusEtRh¥MS RESRAB RIS UTRY &5F AN MR e RO oE AR dEEDIEE otion of the
Preferred Embodirthermeximenpiiesemisiineraion, @nddbaBhsaite pasitieg eotiheaseThrdyyshiske may be global,

or regional. If regianabtérmaythedstortepabitihGemaifirsialéhiag ocean (for ships), or a 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 militaf§) 3 BRALRIETETLGH It AR PSR RNEDHIPLIRIRKFRS R FRBIRVERS USPRISMAEN he following
exemplifying descagtipisingfepradteiftmaranylotsis thad id reontignietvitoricabes eanpegeessa karge number of

aircraft. Present systeiis sadopmarl GindtifIsipersife thaatisthod dedtitisia apsliongitude for each member
in the network being 5 broadcast to all members of the network. According to a preferred aspect of the

present invention, only a relative pasition of each member is transmitted to members within the
network. The abszﬁﬂ'fg Rezstition ¢4k BiRMIRE} can be obtained from the following information:
pre-defined globe-wi’de grid of reference points;

In order that the present invention can be readily understood and put into practical

effect, there shall now be described by way of non-limitative example preferred
embodiments of the present invention, the description being with reference to the

accompanying illustrative drawings in which:

Figure 1 is an illustration of the methodology for determining network members
positions using one aspect of the present invention;,

Figure 2 is a flow chart for the methodology of a member calculating their own
position according to a preferred aspect of the present invention;

Figure 3 is an illustration of a receiver being within transmitter range;

Figure 4 is a further illustration of a receiver being within transmitter range; and
Figure 5 is an illustration of a receiver‘being outside transmitter range.

Detailed Description of the Preferred Embodiments

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), or a
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 longitude for each member in the network being
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the member's own absolute position; and received relative position of other members. If a member
receives the message, then the member must be within the transmission range of the sender. Using
the known MeXipMIYERe of a member's transmitter, it is possible to divid@EHSGRIBE (PR
variable-size grid. Each membercan send their position relative to an agreed grid and assigned
reference point The network member receiving the position message is able to determine the position
of the vehicle transmitting, the position message by determining the grid reference point arid adding to
it the offset position. With reference to Figures 1 and 2, to keep the network distributed each member
of the network will: Bfutrmasi énsinittimbe(s-igfuhe 2EtdorR cduiradingitoad paifttesp esiibmn ditiegp 1) With
common GPS techpelegly ifQedtRe dsiale NDIRAE BRI F CARARIAIRNG MSIMRRES aPpsolute location
in latitude and '0”9},%3%8@%- Vﬁ%‘sniqﬂea ,{&&?J&”‘:en%ogﬁsgﬁ%o 2 R ioirghO gir ﬁbsolLéte locatjon from step 1
and the member's transmitters maximum range as inpu s,pt e appropar?atémree FeIfe2 §fid is generated.
The reference grid 262 EnBRIRIGWRG BEPBREEME of: the transmitter range, the transmitter identity, or
may be a previously usrediefinddsjntedwieécrencbr¢aente pomtiast case, a code for the grid is preferably

included in the traqsn}}%smgn,ggfgtg‘pn%bgbﬁlgr&%dgmgIe in which the member is positioned is

determined. The reference point for the grid quadrangle is assigned to the 6 grid. The assigning of the
reference point maly bEWRITAHHANGRPTHRTAEANSINIBTYSS- calculation. of the assigning of the grid

reference point may be agreed. The reference point. may be any reference point in the grid such as, for
example, lower lefif spuibnvsestidaveighenaidbsagst, tep laft Artbavestdowervight. sruth east and so

forth. The member{érygmﬁggﬁgewgggmgpnge may be obtained from the transmitter's
specifications. It is preferably pre-programmed into the vehicles' on-board computer. Alternatively, it

may be set by regulation, by a standard, by a protocol, or by a convention or agreement. The vehicles
may store transmis'sios thergewroneamum iaees sbatmemiierh densroiter bitisrpessibiettactigidae identity of the
transmitter. The repeiyisie wehiclardieasilyceRininerber rngerf tHha PanrpmidrEfKm the stored

data. The referencg, %ﬁr&my@s&%@@r@@wﬁwm iR RABIPRIANpIIr Ciferent grid

systems in different areas o the qlo%’?. Thgt will provide a way to eliminate the problem of the
longitude and latitPaE AL S EL D 8155 87 8L Y et RPE L 85 NS ALt R 2bing Poles area
making the quadre§HOMBeES3eRIBY SeRTRIPBIChe allg Fefarenes trinhertirddipidsitthieffsetin the
maximum range. Brsfimably, the quadrangle approximates a square. It may be a rectangle. The
guadrangle may be regular, or irregular_ At least one of the lines of the quadrangle may not be

straight. The size ol S BRRA IR S A0S USRS R AR 'S R 2Py g tongitude.
the network will: : ‘

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)
With their absolute 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 transmitter 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 positioned is
determined. The reference point for the grid quadrangle is assigned to the
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3. Calculate relative position (step 4) The member's relative latitude and longitude position relative to
the assigned reference point is then calculated. 4. Transmit relative position (step 5) Each member
can transmivRaiP 08748 position to all network members in a position meREHEGIHB/HMAIMItted
position message should contain: (i) the member's identity, and (ii) the member's relative position.
Where the reference grid is a predetermined grid this information is sufficient. 7 If the network of
members in the reference grid includes transmitters 6f more than one type and/or range, the data
transmitted should include more data to enable generation of the reference grid. The extra data
included may comprise, forieexamplesdipnihg ofiakemafareateg pabfttheynemiiesmicansdntier, and (i) a grid
code to help selecting thejafSERigg &iciERMmon redeisiging 8rint gfidsiRLRACE SHitlSnay he maximum

transr_n!tter range may be séet kg reg _aetior;é ansléanda Orlﬁ a rog%corléfgrgr%nyentlorrwl, pr a reement.
Receiving (Figure 1) 1. Rgcgﬁlgefgla%ve L RSR L D B) e R L BSR4 8% om another
network member ("sendirfgdhasnfssexamrie deseyripfe sAdmeniapTiedhdgerdr asetttapdfitter of the
sending member. north west, lower right, south east and so forth. The members

transmitter's maximum range may be obtained from the transmitter's

specifications. M is preferably pre-programmed into the vehicles’ on-board

computer. Alternatively, it may be set by regulation, by a standard, by a

protocol, or by a convention or agreement. The vehicles may store

transmission ranges of transmitters so that all that needs be transmitted is

the identity of the transmitter. The receiving vehicle can easily determine

the range of the transmitter from the stored data.

The reference grid may be generated according to the absolute position to
allow for different grid systems in different areas of the globe. That will
provide a way to eliminate the problem of the longitude and latitude lines
becoming closer as one approaches the north and south poles area
making the quadrangle not a square, and potentially making the
quadrangle smaller than the maximum range. Preferably, the quadrangle
approximates a square. It may be a rectangle. The quadrangle may be
regular, or irregular. At least one of the lines of the quadrangle may not be
straight. The size and/or shape of the quadrangle may vary according to
latitude and/or longitude. '

3. Calculate relative position (step 4)
The member's relative latitude and longitude position relative to the

assigﬁed reference 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:
1)) the member’s identity, and
(i) the member’s relative position.

Where the reference grid is a predetermined grid this information is

sufficient.
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2. Acquire absolute position (step 7) With generally available GPS technology (or its equivalent), the
receiver determines its absolute location in latitude and longitude. 3. Obtain reference grid (step 8)
Using the mAQ2N9H0PakEfe of the sending member's transmitter as transmitRCITRGROFHOIATHh

message, obtain the appropriate reference grid by either being generated, or by retrieving a stored and
previously generated reference grid. The reference grid can be determined at the discretion of the
receiver. 4. Calculate the transmitter's absolute positibn (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.

8 For each relative positignifhere may,pe,a.aitferanhrefasiie BRiNdhe SeaRinmghigle will have its
reference point. The recelvm% vehicle may share the ar;a%%eg%%eﬁﬁ?gg&ggt. This may happen if the two
, e

vehicles are in the same A0S VRSS AR SRR . WNPFHEEING vehicles are in
different quadrangles of tHaiddfceanile geigratien reffdhe refergsimgiovillThe eifferdaiaiinglededme
methodology for allocatinghay iiapassddpeiznipieised. Therefore, the receiver knows the absolute

position of the sender. Th@ recemgmﬁnmﬁ%§ gf{}%mgg&mlgd‘gs next transmission cycle.

The transmission message will also contain information_ of the position of the sending vehicle. As
communication between V&hicled v9f|'f’b§°6’r"°ig(5‘i’ndﬂe{ﬁeﬁﬁlfﬁpﬂgat%ﬁ JPIRET5Esi8Eh dPfRe Zending vehicle
may be limited to such informatiei¢deleaniest iistpiyeierenseralidéd number of transmission cycles so that
the information is still relevant. The predetermined number of will vary according to the nature of the

vehicles. For relativgly fasfvGRIGIGRHIE RERGICIREP RSy Bestslatively Jwscput for relatively

slow vehicles, the predetermined number may be quite large. The reference grid is constructed in such
a way that for eacht SELEEITMLRUE R Meived there will be only one reference point to which the
relative position can refer knowing the receiver location. This quality can be achieved by using a grid
that is two times |argesivingrifigareainge of the transmitters. Therefore calculating any received message
will give a singular result. To refer now to Figures 3 to 5, one example of a grid structure 10 is shown.
The receiver is shqwn byl_‘tggejar?q E,Ot 11. The tran?t3 itter is at T - but can not be the centre 12 of

. 3l g“

circle 13. The circle' 13 represents ‘ée,%%f')'(t{?ﬁ'ﬁr(ﬁt?gn e of the transmitter of the transmitting vehicle T

therefore the only T that &R tAePSEHeR Mestr9R it AR iPEROrlS. MRpEShASERdIMbsition data is
relative to the lower left coemgresih il rérapsineittee Thtodatiorawe loé theatngneiiher Tf' irstances. -
Therefore, the actual positipfinf; insfgi&rmined by the location of receiver 11. The radius of the circle is
the maximum 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=2 xr + Ar
2. . Acquire absolute position (step 7)

With generally available GPS technology (or its equivalent), the receiver
determines its absolute location in latitude and longitude.

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

discretion 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 ali other members in
the network during the receiver’s next transmission cycle.
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9 where Ar is an agreed safety margin. Preferably, it is agreed upon at a practical level and may vary
according to many factors such as, for example, the nature of the vehicles, where they are, and so
forth. It shoWPB8®ZIdRred as a constant during operation of the system RERIS2963/689252ample,
10%. This allows transmitting smaller position messages, without reducing the required network
accuracy. The shorter the maximum range of the network, the better optimization will be
accomplished. For example a network with 4000-met&r transmitter range will be half the size (26 bit Vs
52 bit) of a network with a 8000- meter range. The reference grid has a quadrangle size that is greater
than, and preferabkpateasthticepdsitom theie maytians nifttirgt nefgendei guire. STHesisades when member

11 is outside the traQ3aUSHIPRRNASGE LR DRMNItEE J0ck iRy SiaravilpdhEreivesths position

message. Howeverépxathis %tlglgerme member nl?f {ﬁ in a different %ri'd uadran%Ie, but does bring with

it the previous confact detalls of air(_:srgf?’(nh%?g?/lous %g%)rr‘{ﬁrr'{%% ion LIRS, Ya¥ IS xample of a
global network for FolfiSidpfectia e bitrmatinecossasis. e feavwrhiteayarsd2diffesnt, low power
transmitters within ¢hadtenglasiontied feeferpargrih feTrbferenng pdihatwiltl aifagplicméaarequires has to

be within the respqnglgg@g]gsyv{ggg@cg{ﬁggqg@‘egcg%ﬂpgeugéwre collision arises. One-minute warning
is sufficient to change the direction of a ship and to create 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 alloWeieferg|disaaeshe draye iharbsalda aesiiomgf hxsangaadrangles. Each participant
can transmit their global position with a 26-bit position message. The present invention also provides a

computer usable MGgiHT.REMYRHSIG SRPISIRIRAMABSCEINAL IbRoRlianreddo Grise a processor

to execute one or %or%ggnnglggps to Sggforryviﬁhqs@%tgln qnde§grg1% glnabfoye. Pre{_erably all transmissions
and receptions may Be attomatc. An 6H<board compu?er or each ve ic']% ESH '|88rf’c§r Call necessary

computations. PrefEPIBY, YRRIA-bASr SXBMYNARICR aRtes) livabicdeto Wk harenenieer-ad receiver to
enable full digital tisfosnalissiosf dhel pesiiptioof Transmissjovehiald reegphenlimisydbe isud accordance

with TDMA or COMR\#iastaEdsiriadns preaeismin Yehisde snmnbaisich dipmiaséandpgicating the

relative positions of glhyehiclesyun heruadiandleolie gid g1 ipismission iange; The
communication channel may have either or both or small position messages an ore detailed

position messagedatHE fidhs YriERSd PriBhvRicshyrucsmheriedridmasd RuBbeIddr detail, but all
the position messdgeeiaivelylbvwdnidam ttlativelyailons heckmatqmsiaermiessagasr tiay belative position
of the sending vehiglg Idgis may be applicable to all levels of the messages, and messages having alll
or some of the different levels of detail may appear in a communication session. Whilst there has been
described in the fore oin% description a preferred embodiment of the present invention, it will be

understood by thoSBSIRIREANTE #1d (& RATTHGTIHACHRA R VaYi b i SPARATHRSRERTAEails of design,
construction or opEacaiNad herp el e gelvirifoisieree patjifio mhink hecriativinpesitincan

refer knowing the receiver location. This quality can be achieved by using a grid

that is two times larger than the range of the transmitters. Therefore calculating

any received message will give a singular result.

To refer now to Figures 3 to 5, one example of a grid structure 10 is shown. The
receiver is shown by the large dot 11. The transmitter is at T — but can not be the
centre 12 of circle 13. The circle 13 represents the maximum range of the’
transmitter 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 maximum 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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11 The claims 1.A grid-based transmission system for determining relative positions of  vehicles
from their absolute positions in a quadrangle of a reference grid, each 5vehicle having a transmitter
and a receivs 28HPRTiHEg: an on-board computer to a) determine an E6IHAGRIGOHINBI of a first

vehicle; b) obtain the reference grid with a quadrangle size greater than a maximum transmitting
range of a transmitter for the first vehicle; 10c) assign a reference point in the reference grid; d)
generate a relative position of the first vehicle relativé to the reference point. and e)send a

position message containing the relative position and the maximum transmission range of the first
vehicle's transmitteghdre 2rAs Syisigreeassiaimesigin. ClRisfeibiyiereisytbal reference wadids obtained by

retieving a stored @pg BigYigYSAISREIAI R ISE A Chck ASISIEIARS AGHIA i 1 wherein

the absolute position Is obtaine
the vehicles, where they are, and so forth. It should be considered as a constant

during operation of the system. It may be, for example, 10%.

This allows transmitting smailer position messages, without reducing the required
network accuracy. The shorter the maximum range of the network, the better
* optimization will be accomplished. For example a network with 4000-meter
transmitter range will be half the size (26 bit Vs 52 bit) of a network with a 8000-

meter range.

The reference grid has a quadrangle size that is greater than, and preferably at

least twice, the maximum transmitting range.

Figure 5 illustrates when member 11 is outside the transmission range of T’s
transmitter and therefore will not receive the position message. However, by this
stage the member 11 is in a different grid gquadrangle, but does bring with it the

“previous contact details of aircraft in previous communication cycles.

Consider an example of a global network for collision avoidance of marine vessels.
This network may use 2.4 GHz low power transmitters within the limitation of FCC
part 15A. The range that such an appliéation requires has to be within the
response time when a warning of a possible future collision arises. One-minute
warning is sufficient to change the direction of a ship and to create 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 participant 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 processor to execute one or

more functions to perform the method described above.

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 transmission and reception. Transmission and reception may be in
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20by using a Global Positioning System ("GPS"). 4.A system as claimed in claim 1, wherein the
reference grid has a quadrangle size at least twice the maximum transmitting range. 255.A system as
claimed in Y8 WAHNNEASIN the reference point is selected from the group cBEEISGANSNEARAgreed
reference point, and the reference point as generated by an agreed methodology. 6.A system as
claimed in claim 1, wherein the reference grid is generated 30 based on at least one selected from the
group consisting of: the transmission range of the traéismitter of a second vehicle, and the identity of
the transmitter of the second vehicle. 12 7. A system as claimed in claim 6, wherein the maximum
transmission rangedsoakisiaacimpmAa speDificatianiatitmdraogiotterThe. vahiysteay asvelaimed in claim

6, wherein the on-hoaudcomPRUIElfy theTeitife FREABRSIAMNG8RMAANE DiFgr-mprsiiion message

containing a relative pasition of the Second vehicle, the first vehicle using the relative position of the
second vehicle, th BRI TRNTFARYANLIER range, and the absolute position of the first vehicle to
determine the absolute position of the second vehicle. 109.A system as claimed in claim 8, wherein
the position message fomihratBACASNMENRE RisoRDataimstthef asipppimamessgeof the transmitter

of the second vehiglg apd apAenityRlpree ggdmsmel@,d@&qeﬁlspgﬁf&xmgég fgenerated based

on at least one selected from the group consisting of: the transmission rané;e 0 th? transmitter of the
ROl Sk BLPE yld'contain the

second vehicle, arfdSANGERIRY! Eerah S AEE PR L TSR PR FLRId contain

detail of the small position messages — the relative position of the sending vehicle.
This may be applicable to all levels of the messages, and messages having all or
some of the different levels of detail may appear in a communication session.

Whilst there has been described in the foregoing description a preferred
embodiment of the present invention, it will be understood by those skilled in the
technology that many variations or modification in details of design, construction or

operation may be made without departing from the present invention.
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10.A system as claimed in claim 1, wherein the position message also contains an identity of the first
vehicle. 2011.A system as claimed in claim 10, wherein the position message also contains an identity of
all other vehicles that have previously 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 12. A system as claintéd in claim 10, wherein the position message is
receivable by a second vehicle, the second vehicle using the relative position of the first vehicle, the
maximum transmissionTpﬁﬁbaﬂ?sand the absolute position of the second vehicle to determine the absolute
position of the first vehicle. 30 13. A method for determining relative position of vehicles from their
absolute positions in a uadranglie-bised eferenissogrigls@ihvishidéesniaivingelatves notters ad receivers, the
method comprising: a) ahitssviedmciretlelgoniaipgsitsnahsal yiadpasiios; 3rnréhe: fijisd, webicle obtaining the

reference grid witha quadeanglsgizeHeeater thanamaxingkmidiansmitting range of a transmitter for the
first vehicle; c) the first vehiclgnaosns_g%gmg ir%S rﬂg(r)ence point to the reference grid; 13 d) the first

vehicle generating a relative position of the First vehicle relative to its reference point; and
a) determine an absolute position of a first vehicle;

b) obtain the reference grid with a quadrangle size greater than a
maximum transmitting range of a transmitter for the first vehicle;
10 c) assign a reference point in the reference grid;
d) generate a relative position of the first vehicle relative to the reference
point; and
e) send a position message containing the relative position and the
maximum transmission range of the first vehicle’s transmitter.
15
2. A system as claimed in claim 1, wherein the reference grid is obtained by

retrieving a stored and previously generated reference grid.

3. A system as claimed in claim 1 wherein the absolute position is obtained

20 by using a Global Positioning System (“GPS”).

4. A system as claimed in claim 1, wherein the reference grid has a

guadrangle size at least twice the maximum transmitting range.

25 5. A system as claimed in claim 1, 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.

6. A system as claimed in claim 1, wherein the reference grid is generated
30 based on at least one selected from the group consisting of: the transmission
range of the transmitter of a second vehicle, and the identity of the transmitter of

the second vehicle.

35



e) the first vehicle sending a position message containing the relative position and the maximum
transmission range of the first vehicle's transmitter. 5 14.A method as claimed in claim 13, wherein the
reference point is selected from the group consisting of an agreed reference point, and a reference point
generated by an agreed methodology. 1015.A method as claimed in claim 13, wherein the position
message contains an identity of the transmitter of the sEcond vehicle. 16. A method as claimed in claim
15, wherein the reference grid is obtained b beiqaggenerated based on at least on selected from the

Oy D >
group consisting of: 15the trahSHHEZI8R F2RGE BriRE fafuRteroP i LaBREEINGE Shd the identity of

the transmitter of the s&CHRINGRRREE? SRECITSaH9B (I H8NEM@iAed in claim 15, wherein the maximum

transmission range is obtained from a specification of the transmitter. 20 18. A method as claimed in

claim 13, wherein the referengepeintissaiectedtiom, thegioup aonsisliagplaimgeeed reference point,

and a _reference podnt ger]?raF?QePé{\/@_Q agreed ’}L%U’AQC@HQX- z?%gti@hnmggaéoﬁlé!m&%'” claim 131_

wherein the absolute position Is. btamhed by u mg.QPﬁ. gO.A Enghod a claimed in clalrfn 13, wherein the

. . relative position o € second veftlicle, the Tirst vehicle using the re ative pOSItIOFI [0}

size of the grid quadrangle is _ _ o N

the second vehicle, the maximum transmission range, and the absolute position of

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

10 9. A system as claimed in claim 8, wherein the position message from the
second vehicle also contains the transmission range of the transmitter of the
second vehicle and an identity of the second vehicle, and the reference grid is
generated based on at least one selected from the group consisting of: the
transmission range of the transmitter of the second vehicle, and an identity of the

15  transmitter of the second vehicle.

10. A system as claimed in claim 1, wherein the position message also

contains an identity of the first vehicle.

20 11. A system as claimed in claim 10, wherein the position message also
contains an identity of all other vehicles that have previously 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
12. A system as claimed in claim 10, 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 vehicle.

30
13. 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:

a) a first vehicle determining its absolute position;

35 b) the first vehicle obtaining the reference grid with a quadrangle size

greater than a maximum transmitting range of a transmitter for the first vehicle;

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



at least twice the maximum transmission range. 30 21. A method as claimed in claim 13, wherein the
position message also contains an identity of the first vehicle. 22. A method as claimed in claim 13,
wherein the position message also 35contains an identity of all other vehicles that have previously sent a
position message that was received by the first vehicle, and the relative position of the all 14 other
vehicles; as received by the first vehicle in a predeternﬁﬁed number of previous transmission cycles. 23.
A method as claimed in claim 13, wherein the assigning of the reference 5 oint is dynamic. 24. A method

as claimed in claim 13, Where%ﬂfﬁé'rahvgaFé$%?aef§t§‘8I8 B RS8Rt IRE YrBES %t YRR Y8 regular
quadrangle, irregular qifdBrafftece 88, and square. 10 25. A method as claimed in claim 24,
wherein the quadrangle has & |émstironechide thaditg ROpsifiag htes@e Agmeithad ths clativeed in claim 24,
wherein at least one of ghisize@iRE maximum transmission range of the first vehicle’s transmitter.
5
14. A method as claimed in claim 13, wherein the reference point is selected
from the group consisting of an agreed reference point, and a reference point

generated by an agreed methodology.

10 15. A method as claimed in claim 13, wherein the position message contains

an identity of the transmitter of the second vehicle.

16. A method as claimed in claim 15, wherein the reference grid is obtained by
being generated based on at least on selected from the group consisting of:
15 the transmission range of the transmitter of the second vehicle, and the

identity of the transmitter of the second vehicle.

17. A method as claimed in claim 15, wherein the maximum transmission
range is obtained from a specification of the transmitter.

20
18. A method as claimed in claim 13, wherein the reference point is selected
from the group consisting of an agreed reference point, and a reference point

generated by an agreed methodology.

25 19. A method as claimed in claim 13, wherein the absolute position is obtained
by using GPS.

20. A method as claimed in claim 13, wherein the size of the grid quadrangle is
at least twice the maximum transmission range.

30
21. A method as claimed in claim 13, wherein the position message also

contains an identity of the first vehicle.

22. A method as claimed in claim 13, wherein the position message also
35 contains an identity of all other vehicles that have previously sent a position
message that was received by the first vehicle, and the relative position of the all



15shape of the quadrangle varies according at least one of the latitude and longitude. 27. A computer
readable storage medium storing computer program code that is configured to cause a processor to
execute one or more functions to perform a method for determining relative positions of vehicles from
their absolute positions 20in a quadrangle of a reference grid comprising: determining an absolute
position of a first vehicle; obtaining a reference grid‘with a quadrangle size greater than a maximum
transmitting range of a transmitter for the first vehicle; assigning a reference point to the reference grid;
25generating a relative’B85tgICEF 78 fﬁ%?"(?&f’é(léqeelfgﬁ\/éeﬁbcﬁé‘ rBRIERE SR YAF © sending a
position message cont&IAYYIHaFEISHPR PYB8Rion and the maximum transmission range of the first
vehicle's transmitter.

23. A method as claimed in claim 13, wherein the assigning of the reference

5 point is dynamic.

24, A method as claimed in claim 13, wherein the quadrangle is selected from
the group consisting of: regular quadrangle, irregular quadrangle, rectangle, and
square.

10
25. A method as claimed in claim 24, wherein the quadrangle has at least one

side that is not straight.

26. A method as claimed in claim 24, wherein at least one of the size and
15 shape of the quadrangle varies according at least one of the latitude and longitude.

27. A computer readable storage medium storing computer program code that
is configured to cause a processor to execute one or more functions to perform a
method for determining relative positions of vehicles from their absolute positions
20  in a quadrangle of a reference grid comprising:
determining an absolute position of a first vehicle;
obtaining a reference grid with a quadrangle size greater than a maximum
transmitting range of a transmitter for the first vehicle;
assigning a reference point to the reference grid;
25 generating a relative position of the first vehicle relative to the reference
point; and
sending a position message containing the relative position and the

maximum transmission range of the first vehicle’s transmitter.



