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(57) Abstract

instructions to the user, The user’s present
such as a Satellite Positioning System (7).

A navigation information system comprises a communications system
having a fixed part (11 to 20) and at least one mobile part (1 to 10), the fixed part
including a data storage and processing means (15) for identifying the location
of a mobile unit, generating guidance information appropriate to that location
and transmitting it to the mobile unit. By locating most of the complexity with '
the service provider, in particular the navigation computer (15) and geographical
database (17), the system can be readily updated and the capital cost of the in-
vehicle system, which in its simplest form may be a standard cellular telephone
(1), can be minimised. The user makes a request for guidance information,
and the system, having determined the user’s present location, then transmits
location can be determined by means
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speech di spl ay. These systens woul d be very expensive. Each vehicle .. - -
requires a 20 navigation conputer and geographical information system The
cost of the- conpl-ex vehicl e-borne equi pment involved is estimated to be
in the region of 1000. The systemis conplex to oper at e, ~and could only *
be safely operated: by - the driver whilst the vehicle is stationary. The
geogr aphi cal information system woul d require periodi ¢ updating, which
requires new disks to be distributed to 25 subscribers fromtine to tinme.
I'n sonme proposed systens of this type real-tinme data woul d be broadcast
over a radio network to update fixed information held on the geogr aphi cal
informati on system Even so, the geographlcal i nformati on system woul d only

be ©  accurate up.to its |ast update. Mreover, a broadcast channel needs
to be 30 allocated for the updating service. . It has al so-been
proposed that the gui dance service provider collects statisti cal

traffic flow data fromwhich traffic congestion predictions can be nade
which are fed into the real-tinme data to be broadcast. The traffic fl ow
data may be WO 96/07110 _ - :
PCT/ GB95/ 02065 ' . o o -2
col |l ected usi ng roadside sensors or they may be collected by nonitoring
the : _ o S .
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operation of the nobile user equipnent. The latter approach can only

coll ect data relating to users of the system but has a | ower capital
cost. _ ‘W0 96071100 an al ternative approach a system of shopCFr/GBYSIR065
roadsi de beacons is 5 used to transmt guidance information to passing
vehi cl es equi pped with sinple transcei vers. The beacons transmt °

i nformation to suitably equi pped passing vehicles to give turn
instructions appropriate to 4 hei r chosen destl nati ons. For each’ beacon
the territory to be covered ispg MATION M as there are
-eX|ts fromthe Junctlon t he beacon rel ates to. The zone in which the
user's chosen 10 destination falls is deternmined, and instructions are

gi ven appropriate to {hiafnvémtith relates & né\ﬂdatﬂin\flﬁfbrhﬁﬁ&pgys%éﬂnsVQPi%ﬁﬁcme
destinations are in the sanme zone get the sanme instruction e
definitions of suiabledaeysairerrauidingdesers 6h raadevahisian VBR revteguidance, petaethes,
and each zon I ch shoul d be reached
fromthe beago éat?iéétg’ﬁllg r?y?%%ﬁ%ﬁ ?’tedc?r?oq}'léd;ugg%ogﬁ?ogg wi-th that zone. 15

Each beacon only gi vd¥avigation pftg wehicle ghroughdni wnfamilier gesopiexcraad metwvorkgisthe -
route to the ve For o t me -
poi nt for - R BpCqTalddirh s ef ublihd: Bl ark il ok Mreshit b hfePe

coi nci dent, t hegetting st or usinglaprineffitientcroiute i Aeriderts cah @isaolbe caused by diriveeach
gi ve both users_th fry e Lo S
users are trave tf "ﬁ%‘ﬁ.@ ead 'J" égir;\&e'jn&gg rogﬁ%@ﬂ ? andolﬁs'kggc;ogggﬁgé%g °'p9%é]nt
of divergend® aved hhad. V\Momeers a diivet mapichoose aminefficiedt fdute asita resuiest umgj
therefore different i.nstructions are given. The beacons

progr ami ng may? 'b%“rﬁj A P8P romtime to time by control signals from-a
central control statiAmadditioral wegblemn aangizear tver’ #notdley knowisrorduael to his or
adj ust abl e si gnpos but ipn its interactions th t he user

beacon is 25 Q{Oﬂ' 8%?" ﬂ?ﬁf‘?‘f‘?.%’ &h‘:&ﬂgeﬁf SoloakRsa% ﬂée%itegrgccbdeegfsr ed
destination is drimaiffeRance wbrkag6 Mhéttanrwtetm:vapmtemomu Be hiodé Bfficient.or mat i on

to etlttothenext beacon on t beacan has, no know f
thegr est of Phe rout eSevera proposais r%ave been. rXade Por nav?ga%on gunsdange sygte Edg?n 0

some such proposals a vehicle-borne system has a navigation computer and a
geographical information system which is essentially a digitised map stored on a
_ CD-ROM. The system gives the driver information and guidance by screen and/or
speech display. These systems would be very expensive. Each vehicle requires a
20 navigation computer and geographical information system. The cost of the
cbmplex_ vehicle-borne equipment invoived is estimated to be in thé region of
'£1000. - The system is compléx to operate, and could only be safely 'o_perated by
the driver whilst the vehicle is statlonary The geographical information system
would require periodic updating, whtch requires new disks to be distributed to
25 subscribers from time to time. _
In some proposed systems of this type real-time data would be broadcast
over a radio network to update fixed information held on the geographical
information system. Even-so, the geographical information system wouid only be
accurate up to its last update. Moreover, a broadcast. channel needs to be

30 allocated for the updating service. '
It has also been proposed that the guidance service provnder collects
statistical traffic flow data from which traffic congestion predictions can be made
which are fed into the real-time data to be broadcast. The traffic flow data may be
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Each beacon has a detailed map of a small |ocal area (the boundaries of
which are, in fact, the adjacent beacons), and if the destination is in

this area ta,s eacon gives full information of the route_to_the
g et

~destination. "dYstemcan . therefore provide a user wi PfirgPI¥%%ns to -
a destination defined nore precisely t han the. beacon spaci ng. However,
at the beginning of a journey, a user canrot use the systemuntil he

" encounters a beacon. _ .
;espkégzgxggg S&%E&ed using -'rOédside sensors, or they may’ be_collecteds by monitoring the Thi s

proposed systsgeratidnosVsthienfidbisiiat usep dadipmgnto Thie NattELADDAGHA danSorily Cblide Hata

froma central control, and sinpler in-vehicle equjpnent, but requires vast
it an o™ FelpBR Brtrs Bh S aiREr b siat rlawer captal BS T 0pL obran |
encount ered with baahant BiterRtRROSSIHoSINS b CIYBtede 9§ 'shBRGaRROYsadSide! feakbdd id t 1S
difficult for them to provide alternative routings in response to )
congestion? eSeAe EATHhOUGANGS, INiPENatRN RORASSINAEVENicles sauiBReshithgsimBlese -
probl ens on  transkbéierdl THeNBbhdbRs! GHhdfit NFrMALEN oI SGitably Ofhuirded' BERYRS | Y
occurring congestion peaks are relati _veI%/Rasr.rrpl e to programme Into the
gui dance i nf ofeRiiasHe, 9iturn instiuetiens anpropriate ipethgis £Hesensgestinptionse fpr eadhe

updat-es on r qadc6RRLRIIBR foBk ddvared R difided s Be many zones as there are exits

from the junction the beacon relates to. The zone in which the user’s chosen

3

10 destination falls is détermihéd, and instructions are given appropriate to that zone.
At any given beacon all vehicles whose destinations are in the same zone get the
- same instruction. The d'efinition's of the zones are dependant on the location of the
beacons, and each zone comprises the set of destin'atibns_ which should be reached
from the beacon by taking the direction associated with that zone.

15 ' Each beacon only gives instructions for reaching the next beacon along the
route to the vehicle’s destination. For two vehicles starting from the same point for
different. destinations for which the- routes are initially coincident, the beacons
along the coihcideht section of route will each give both users ihe same
fnstructions, because for those beacons both users are travelling to the same zoné.

20" Only for thé beacon at the boint of divergence are the two users’ destinations i_n

. different zones, and therefore different instructions are given. ._ o
- The beacons\ progranim’iné may be modified from time to time by control
signals from a central control station, in a way analogous to remotely controlled
adjustabl-e signposts, but in its interactions with the user equipment the beacon is

25 autonomous, idehtifying which of its zones the user’s desired destination- is in, and
transmitting the a;_ﬁp_ropriaté “turn” information to get it to the next beacon on the
way. The beacon has no khowlgdgé'o’f the rest of the route. _

Each beacon has a detailed map of a small local area (the boundaries of
which are, in fact, the adjacent beacons), and if the destination is in this area the

30 beacon gives full -information of thé route to thej destination. The system can

" therefore 'provide a user with directions to a destination ‘defined more precisélv
than the beacon spacing. However, at the begirining of a journey, a user cannot

use the system until he encounters a beacon.

SUBSTITUTE SHEET (RULE26)



10 progranm ng of the beacons, the contfol system does not have any

i nformati on of vehi cl-e novenents V\/m ch to predict future

congest i on. v{,ﬂ gase, if the is’in use by a si peiGBssdbes
fraction of e vehlcles, t he end .to . ‘produce congestion on
t he di versionary routes. g ‘,\.P\G ropean Patent Application 0379198
“discloses a position deter “‘ﬁ t“% syst @m whi ch generates a displaying
of the location of a nobile\u inrelation to - its surroundings.
However, this prow t Q bl
quite a -conpl ex navi ga? Poﬁag QOHC%E’%’%%“?‘&Q '&Q t '%d? aﬁ%\/ﬁf e uéd?/'\'n'cg hé%"fcct)'%Bse.
According to oinqnaa;peuralcﬁontrhle andnsmlerom-veﬂ'lm equusmpm\huueehweaamsgaammh _
i nformation sy %é:ee'ﬁhnfn% uPFooa\éEQE'EEa&or& ormation to one or nore nobile users 20
dependent on t l"oCat € system conpri si ng: means for
determ ni ng t he | ocaAipooblerh eacmﬂleded witthn botreqmasrbpm;dgwstmm:descnbed above

I nformati on, ner at.i.ng_.jnf %r mat i on ui dance of

the user of % h& Highi'tds d'ff'cuﬁnﬁr @'55"8? RIViPE SR SIES K '"F?)c'at RO e
mobi | e unit, 2&ngestion, euthm"ancmwepmmmhay&kemcfatmg hedréTpidblents bme

gui dance i nformation s ahed t 0. t he, nobi
characteri sed 8 aﬂtﬁﬁ’tat'f’ﬁémg?%té{h%g Bredigtions of Lequ g&'@l%@“’r"é‘&lf@%%st'l"f‘cﬂﬁa{‘ﬁe
nobi | e unit reiratreRgvélp sinsipas igrog8mARSintd &ie gmaamdnf@meﬂmra{de aﬁlllééé@me

i nformati on accor di ng to the sgaem fl;g% desti nati on, whe
gui dance i nf or RgtHe3ROT SpEisHe fealtisigu ‘?%enﬁP%%éH?gquE’étcPBrf'%Be fed t° tt'PRa

speci fied dest .sragiahmngfof e bEdRBhS, Bthe %bhtr@laéi{s’%i‘n uaesnﬁ@@ ﬁé@%ﬁyqnfdaﬁafmb b+ e

unit. he nobile units provi ded f communi cating w _
fixed part, nmyehicle movga@nts fremy whichetangredist fvﬁuamgﬁmaecsrlﬁ@ tnoamhéasq- xfeahepart-

a request for QUIIRAREG use by a significant fraction of the vehicles, the system will tend to

produce congestion on the diversionary routes. >

15 ~ According to a first aspect of the invention, there is provided a navigation
information system for providing information to a mobile user dependant on the
location of the mobile user, the system comprising a mobile communicétions
system having a fixed part and one or more mobile part for communicating with
-fhe fixed part, the one or more mobile part including means for transmitting to tﬁe

20 fixed part a request for guidance information and for 'receiving guidance '
information from the fixed part, and the fixed parf including:.

means for determining the location of a mobile part requesting guidance
information, |
. means for generating guidance ihformaticn according to the _location of the
25 mobile part, and
' means for transmitting the guidance information so generated to the
mobile part, _ _ |

"""" ‘whereby information dependant on the location of the mobile unit ¢an be

transmitted to the mobile unit. |

- 30 - _

Accord.ing to a second aspect of. the invention, there is provided a
navigation information system for providing information to one or more mobile user

dependant on the location of the one or more mobile user, the system comprising:

SUBSTITUTE SHEET (RULE26) Thl'sllslflliel liﬁlreinlﬁe III l




4 information relating to a destination specified by the user of the
nobile unit, and for receiving_suchh guidance information transmtted

fromthe fi 9416 o BN dj ng to anot her aspect ' -
provi ded a ,?rggl elunit % Pé’ﬂ&ﬁﬁm&(?ss

"‘@‘@vi gaiion informati on system conprisi-ng
means for identifyingt ?
transmtting, over a co

rsg\_\EET .
a@’éﬁ position of the nobile unit, neans for
present |ocation of the

ﬁ'“p.r
nicettons link, 4. -information relating to the

pDhil e unit, and guidance . i nstruction nmeans
control | abl e by guidance, instruct.ion infor.nation 'rgﬁei ved over, the
communi ¢ations i nkr,“ee\?fef%b‘fﬁtﬂm"ﬂ%@ée 195850T & M9 eel”ﬁ't’éﬂ"‘f?"?%é”ﬁiaég%nt
| ocation can ipforgfatigbni cated. to a user by neans of the guidance instruction
10 neans, characterised in that the nobile unit has jgeans for generating a
request for gui 'AEANSFOF apngratng gridancs daformatipnpecerding tosthe op gf the ~
recei vi ng gui ghabfeuniflst ructi on . means -according to the present |ocation
and .the specified destination, Accordi ng to-a third aspect,
there i s provi ded 2NFe? FYBMYRICHLIWG; TR for transityng thegyjdenesintormation st i on

to nobile unié&eggte@tm mBbiledshi® system the 15 . information being
dependent -on the |ocations of the nobile units, the nmethod = conprising
the steps of: - - -wherghyinfeqmatign depeidant RpIhe docaripn of ¢he rackilexunit ¢amrbe a

request for ngyiHmtkd%o the mobile unit.

- 10. - According to a third aspect of the invention there is provided a- mobile
unit for a navigation information system, comprising means for receiving guidance
instruction information over a communications link, and guidance instruction
means controllable by the guidance instruction informatioq ‘received over the
communications link, .whereby guidance can be communicated to the user by

15 means of the guidance instruction means.

According to a fourth aspect of the invention, there is provided a method

of providing navigation information to mob.ile -units of a mobile radio system

- dependant 6n the locations of the mobile units comprising the steps of storing
20 navigation data in a fixed part, transmitting a request for navigation guidance from
a mobile unit to the fixed part, determining the location of the mobile unit,
generating guidance information on the basis of the stored data, location
information and the request, and transmitting the guidance informétion from the
fixed part to the mobile unit, whereby information relevant to the location of the

25 mobile unit is transmitted to the mobile unit. .

‘This invention has advantages over both the prior art systems discussed
above. Considerable improvements can be made over the prior on-board navigation
system proposals by putting the intelligence_ _ih the fixed part of the system.

36 Firstly, there is no need to distribute maps or updates to subscribers because the
data is held centfally. New roads can be added to the system at the instant they
are opened. Total capital expenditure is mi'nimised since all users sh;are'the same

database. Moreover, the computing resources. are used more efficiently, because

This Sheet Has Been Reililced
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gui dance; - determining the location of the nobile unit; 20 -
generating guidance information on-the basis of the location informtion -
and -navi Y 9enTiwat a stored in the fixed part; . and - ROTGBISI0Re65Nng
t he guidance information fromthe fixed part to the nobile unit;
characterised in that the request for navigation information includes a
specified destination, and the guidance infofnmati on generated is sel ected
according 25 to the location«information and the requested destination,
wher eby gui danceniinfvenhiortsystem sganels amdst tod it tnginastve butos aénterlised 8ystem can
specified destination of the nobile unit is transmtted to the nobile unit.
This invention RESMYFHE4ges over both the prior art systens discussed

above. Consi der abl e | MyreserEM Toafdstbeo Nhde psrerartt icadsidie0 begddnb@fstdm, the
navi gation 30 system proposals b t he i@t el li %gnce. inthe fi x?d .

ol t Tt the sysibenton can e fuleminieawish dietie denButert, O <uipmant dn e el

updat es to SUSGchrérBsy oHERREUSRsidBRble econofilésd in ScaPrAIdcEst NirdaImaintehike! QGndS
can be added to the system at the instant they: are opened. Total
capi tal expendi @lieWings rapid,jingtallagos; ?R?e"é?q'f"iﬁ’éf‘s%ﬁa? SYSIREN slgngneet changing
dat abase. MdreoygduirelfeBtsconputi ng resources are used nore efficiently,

because - WO 96/ 07110 L L '
PCT/ GB95/ 02065 - Preferably the system includes means for determiningsthe location of the

mobile part in relation to a geographical overiay comprising a plurality of overlay

10 areas, and means for transmining informati_on associated with an overlay area

which includes the location of the mobile part, whereby a mobile part within that.

overlay area receives information associated wit.h that overlay area. This allows

information associated with a particular ove_rlay area fo be transmitted to any

mobile_ units in that overlay area. The system may a_lso‘ comprise means for

15 determining when a mobile part enters a predetermined overlay area, and means

- for tfansmitting a message, to a user other than the said mobile part, in response

to the said mobile part entering ih_e predetermined overlay area. For example, one

_ ovérlay area may cover part of a road approaching a 'junction, .and the message

_Imay be the appropriate instruction to th_e drivel_', as he approaches the_ junction, as

20 to which way he should turn. Each individual ovérléy area therefore gives

navigation instructions specific to t_hét overlay area. The overlay areas may

overlap, and may be of any size down to the practical minimum of the resolution of

th.e' location determination process. Large overlay areas are suitable for

transmitting general information, whilst smaller areas can be us_ed to target

25 information to users in very precise locations, such as individual elements of a

complicated road layout. The i_)verlay' areas may be delimited in two or three
dimensions. _ . _ _

An advantage of this preferred _'arrangement 6ver the fixed beacon systems

is that the geographical overlay can be readily modified. Advantageously, the

30 system includes means for stbfing_ a digital représentétion of the geographical

over_léy, and meané for modifying the stored representation such that the

_conﬁgurationé "of :he overlay areas 'may_ be selected to. meet changing

requirements. The overlay areas can be readily combin_ed or subdivided, or their
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an in-vehicle systemspends nost of its tine inactive but a centralised
systen1can be tinme-shared. Moreover, in contrast to the
prior art rQassifeleacon systen1 t he i nvention can be.i Ienented with
little depl oyment  of equi prent in the field, 5 thereby of & N
consi derabl e econom es in capital cost and mai ntenance, and aIIOmAng
rapid installation and nodification of theg systemto neet.changing
requirenents. Preferably the system incl udes neans for

determ ning the. ocatlon of inrelation to a

© geogr aphi cal RRHAIRHSE Pr?ﬂ"‘i'%ﬁ e'édeI"Elrmeﬁ y‘gﬁf'g'BQeFF%f“%B"ce&r a¥thousneMheans

for transmi ttimB@ificadow BRith® harhed6, iy Wyt Fecanfiguriag | ﬂw dRfaphical \W0bEdY
i ncludes the | gcation of the nobile part, whereby a nobi part within that

overlay area ‘?“éﬁ‘éf’\/'Es‘hien?"t‘ﬂ"r?btdiafﬂ‘i’aé%swefe&"éﬁ W"ﬂ‘ﬂ "f‘ﬂa‘?"%v"‘lﬂ IQ??C%H S¥stemhi s

al | ows | 'digeUBBEd Qdbods,S Werat RAnYI djoR B¥tT inCebrBdt RLAY aAHCBudcRrity
transmtted-to any mobile units in that overlay-area. The system “may -

al so conpr Psenffagfictyrgy becausgaxisting Refglanmabile cepwiunicasians systemssmay be
predet er m ned,ayY&h! PehsHitihe iRSFUCTBAS Srom a deRfrall GARSHEE! if' t'ﬂg dFiveF eé‘ﬁ‘&g’ant 0 a

user other than the said nobile part, in response t he sai brle
part enteri nPveray greadwhishnis eg oovf@ﬁlrayteaﬂwen Ii'tYrthex%/mﬁrm ameeror messager | ay

area MMy COVe&lanDiy fraffmifteliO3MctR RIBEERRE! ey geh%%l&ua a@%&b&%ﬁ%ﬁﬁgﬁe :

‘may be the appropriate instruction to t river roaches t
junction, as mebiletunituforinsteaye fire oeslen to mqmnthazwbhreahmm|0tﬂwaluableeafdrgqesar ea

t herefore gl Vo‘?'sbfgersonﬁéi'W&hg@d%%“#é%ﬁ@s specific to:that overlay area.

The overll ay area be of any size down to the
practical m ni num dhetdeograpbichluoveniay ohay alsothecusedctat omenateedre begesscool _

D o Ao R oL DY o S BB PR o
users in ver y.aspr endtessean ovetalyanes fcsucﬁiclahe idogls viothsile mErmissivhs anfalsat signal
. can be sent to a system controller, or to .security staff on site who can intercept
15 the interloper. Means may be provnded (either in a fixed location or with the mobile
user) to store a value associated with the mobile unit, and means arranged to
'n"lodify the stored value in respdnée to the Imess'ag_és' transmitted in accordance
" with the location of the mobile unit, either to increment the value é.g. for
subsequent billing, or to decrement the value €.g. in a prepaid stored-value device.
20 "~ The fixed part may inc.lu'd.e means for storing map information or other
data for use in providing information, herein fgferredto- as guidance data, means
for updating the stored g'u'idance data, means for identifying mobile parts to which
.th,'e'update'd data are appliéable, and means for transmitting such data over the
communications system to the mobile parts so identified. This allows information
25 about changmg traffic situations to be transmitted to all users who will be
affected without needing to broadcast the details to other users as would be the
case with those prior art systems where updating is poss:ble'..
| Although the information _transmitted to the user is specific to the location,
_ information about- the user can be processed centrally. This allows short-term
- 30 traffic predlctlons to be made The guxdance data transmltted to the mobile units
can therefore be based on the posmon measurements of a plurality of the mobile :
.”parts. If the mobile parts are vehicles, these ‘position meas_urements will identify

the locations of roads, and an indication of their traffic density. As new roads are
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conplicated road | ayout. The overlay areas may be delimted in two or three
di nensi ons. An advantage of this preferred arrangenent over the
fi xed beaconwossweris is that the geographical overlay caPQIEGRISHHIGSy
nodi fi ed. Advant ageously, the 30 systemincludes neans for storing a
digital representation of the geographi cal overlay, and neans for

nmodi fying the stored. representation such that the configurations of the
overlay areas nay be selected to neet changing requi renents. The

g\é/eg I7<'1131/Oar eas eam berduesylatey diverbd,nesHiorwiiumdvey itdate new rdires. Measuring WHO
PCT/ GB95/ 02065 position .of the traffic will therefore result in the data being updated gutomatlcally

boundari es ot h%Weaecealtﬁeewemﬁwombrméimgtraugmtﬂeaumd fiReE Dard a9 Udonstise

m)dlflcatlontothe har dwar e, conf| ur| the ogr aphi cal
overl ay dEveaRg dfor nt'i"ﬁ@"ﬁ@ﬁt Ifgltxﬂa%/‘aﬁ ﬁg’f o ? Ef@°¥)?’5‘?ﬂt

art beacon sysif&mation Qhé%ﬁsrs&iﬂh@%mtw%dbﬂe n.shrfr&h&Feneaﬁt mieBsurérn 8t
furniture and supporting 5 infrastructure, because existing cellular

mobi | e communi eutsidsnthessxpeeted rarge. f8d the mohilepart, comRRNnG MeaRs fomBERTHINGoNs

froma central no%%ﬁ.baaﬁr tinfe ttBedgNeV‘?ﬁO\Fem&\'iSm?cﬂ'matlon, NHins Yo Admspardi B i S
not on the route chosen b t he syst em ahn error rressage

“movement mformatnon with the expected range received from a fixed part of the

. system, and means to _automatlcally report to the fixed system movement

10 measurements outside the expected range. In this way only exceptional traffic
conditions are reported. _

The fixed part may include means for generating and main'_taining guidance
data based on vehicle movement data derived from time inigrmation and position
measurements of a plurality. of the mobile- parts and/or estimations of future

15 ‘locations of the mobile parts based on the guidance information previously
' transmitted to the mobile parts. Estimations of future locations of-the. mobile parts
based on the guidance information previously transmitted to the mobile parts can
. be used to maké estimates of future traffic situations. ' _
The data stored in the data storage means may be updafed, for example in
20 response td changing traffic conditions, accidénts, or highway maintenance. The
system may include means for.identifying the mobile units. to which the updated
data are applicable, and transmitting amended instructions over the
communications sYstem to said mobile parts. With knoWledge of the journeys
being planned by a large number of users, a better prediction of demand for
.25 particular roads {and hence of congestion on those roads) can be built up. This can
be moré stable than existing autonomous route-planning systems because the
. navigation syétem can take account of the journeys planned for other users.
Advantageously the invention can be impiemented using a public cellular
~ radio data service on an individual dial-up basis, providing a simple mechanism for .
- 30 billing and avoiding the need for a separate radio transmission system.
The means for determining the location of the fnobile part may comprise
means to interrogate a .location-identifying_ means forming part of the mobile part

6perating for example by means of dead reckoning from a known start point, using
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can be transmtted. Such nessages may be transmtted to a user other than
t he mobile unit, for instance in order to nonitor the whereabouts of
val uabl e cowwgaRRrfil ©or of personnel working away froma bagRricBosin20

The geographical overlay may al so be used to operate an access- contrg‘?
system for exanple for site security or for levying tolls. In this

arrangenent, if a user enters an overl®y area for which he does not
have perm ssion, an alert si gnal - can be sent to a systemcontroller, or
to security s rtidl +G.E€JESQE<1%B tid?neméé'%ﬁ QG y
be provided (Ler?t eer P?\J"QE? gatIOI’? or WI{TEC f‘é E:euser §sga

store a val ueccmpassi @ndadnvndome@ﬁe Altsmnativelynitoe mnﬁéah@catmmmgemononav

nodi fy the st

nccor dance . MefHls KRS hdbRTPRAI |eabf cTRAGER barf FEillddblto dbments

- the val ue e. gof therfixed pgubieqﬁsnmnmniqatiq@ﬁ swemo THedecationtoft the raabilecpart g.
in a prepaid stored; gyiL r n e

nmeans for sto"r""’}‘ngb(aé d&g'!"%ﬁ mgtt | gaﬁ'og&catt'%" SVStem OL'aﬁ%dwﬁge{hlen p'f"S ?%J\‘éj

i nformati on, ifvsltm.nlrf asiuahereaitdmnt'me agangement, gasaxglliteeravigation systenu okt bmg

the stored gUId nce dat a,

t he updated d¥i®% '?eonﬁpﬁff’feérgalnazrgngé'ae%eghs;%%41%?&0&%%{"[3 ?%Bg c[fgﬂm"ﬁ'ié?cgh%ver

the connuaupmt;mfusloayﬁdrem the mdstﬁleruﬂm Iaadpae ticcation iidkmifyifig erband lof she
all ows |nformat|i)n 25 .about J; gra iic situations, to be transnm.tted
to all users RABIGPRT 'Be"""““"ge i ?HB‘EﬁmH 88%“??@ from Jihg Jgterogation.

det ai | s t 0ot Me&NsISAIS aSnwudnduéoeloe&ttbn sngrﬁasﬁhwhl hint BomBinBtio®! witht the
systens where updating is, possi h the information

transmitted t?PpL’%mG?e'Pc?t?“s‘{%%'W'?eé byothefixed pagt, strmmgsa.woa'ﬁmﬁﬂan about‘.

the user can be prqgessRtbrie@trangédient] S fivdd ParE afll Whd moBllépafs ehéirhbve
predictions to be made. The gui dance data transmitted to the nmobile units

- can theref or e? Isatafi8 NAVigatiom SYHEEY Facaiyereandh enBefitionss of the mebile (Rprgr as he
s mobi | e p%&ﬁuréé by feﬁe gabn.{eenmgattﬁn%wtewe BieCtRTparbd Wi 1hOSE bf Bk fixed

_ measur enents w denti f | ocations of roads, and an indication of
= their traftfi cPafbas: mefsurgg bfyé\r,yp ,sgtg&ge ppyigation system. The posntlon of the fixed part

can be known with great accuracy and provides a reference measurement which
allows the position of the mobile part to be determined with greater accuracy than
is possible by direét measurement using the satellite system alone.
Preferabiy the fixed part has one or more servers and means for allocating
20 a server to a mobile part on‘iy- w_hen it requires service. In practice only a very small
: numb_er of mobile units" will requiré service at any given time, so this aliows the |
computing resources of the fixed part to be used most efficiently, and the system
can support many more mobile units in total than it has server capacity for. This is
in contrast to the prior art system discuséed above, in which each m_dbile unit
25 requires a dedicated computer carried on board, which is only used for a fraction of
the time. Moreover, all the servers can use a common road-use database, which
can use the information on routes it has planned for mobile users to build a
prediction of future road use status, such as likely congestion points, and build this
into its guidance instruction procéss. For example the system can be arranged
30 such that it does not direct more than a predetermined number of users touse a
particular stretch of roéd at a particular time, and finds alternative routes for any |
- users who- would otherwise be directed along that road at that time. In this way

_the system can predict likely congestion points and take pre-emptive action.
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routes are diwewéediotraffic will nove to the new routes. MeaBOT/GBYS/2065
position of the traffic will therefore result in the data being updated
~automatically. To reduce the volunme of pnformation transmtted, the
fixed part nay conprise nmeans for transmtting to the nobile part an
expected range of novenent 45 information and for receiving fromthe nobile
Bg;t ggvemsn_t measur ﬂ'ﬁfS%&bile parf piayi ideluaflegu&iqa_estimrucﬁugeneamobdriuellmbiblvé
nprising neans for nmeasuring . ocation and ti to deri
novenent i nf or ARFITUSHONHESHSINE '%8??88‘!"@3'1%@" orma 'Q/érﬁﬂﬂ{“qﬁ%ﬂfffﬁ'ﬂgb? X'ﬁ(egviptaﬁ
the expected rapge kK& eCicyMehunicatives f iiMed wherebpl dultiance irmstaiceions aedn mians
to automatically report to the fixed system novenent. 10 neasurenents
out si de. t he expFommadnieated o therisehby mpals ghine B INSHHEteN TR

condi tions age reportgfsome applications theRRhiciex@dy B8 contiBlled difdctifen Fa3possel @
generating and maintai ning gui dance dat a based on, vehi cl e novenent data
derived from t ithe ghidpogeriqroyation teostysd oventhe compunications fipks Hewevel: foryse; v

O oy e D! L2 R e B hichl T 140 B rablettée td Suiddhed! infinatibn dofirols
parts based on the dui dance information previously
display means, which may be visual or audible or both, to indicate to a driver the
direction to take. _ |
10 The guidance instruction means may be programmable from .the fixed part
over the communications link, either automatically'or by a human operator. The
guidance instruction means may include a speech synthesiser, which may be
located in the fixed part, transmitting voice messages to the user over the
" : communications ‘system, or may bé located in. the mobile l;nit and cbntrolled by
I 15 data messages from the fixed part. The forrr_\_er arrangement allows thé mobile unit
= to be simplified, whilst the Iaﬁer arrangement requires a smaller siQnalIing load.
in the described embodiment the fnobile part is in a vehicle, but it may be
a hand-held device for gﬁiding a pedestrién. In one form, the mobile ;Sart may be a |
conventional mobile cellular-radio unit. This allows a basic service to be provide to
. 20 a user without the need for any dedicated equipment.
Embodiments of the invention will now be described by way of example
with reference to the drawings, ih which: | _ '
Figure 1 shows '_a mobile part and a fixed part of a navigation information
_ sy'stem according to an embodiment of .the inven’tion;. .
25 .Figure 2 illustrates how the .inventio_h nj'ay be applied to a simple road
layout; ) S
. Figure 3 illustrates the division of 'a_ _territofy into zones according to the
e instructions generated by the system; _ _ '
: Figure 4 illustrates ah_épplication of the in_veﬁtion to a more complex.road
30 layout; _ . _
Figures 5a and 5b illustrate the modification of an overlay ip response to a

change in traffic circumstances; g_nd
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transmtted to the nobile parts. Estimations of future |ocations of the
nobi |l e parts based on the guidance information previously transmtted

to the rmbr%%{ﬁ can - be used to nmke estimtes of futl,%fgr#ggl%%' ge

si tuati ons. . The data stored in-the data storage nea

updated, for exanple in 20 response to changing traffic conditions,

acci dents, or highway nai ntenance. The 1ystem nmay i ncl ude neans for

i dentifying the nobile unifs to which the updated - data are applicable,
and-transm-tting anended_ i nstruct_i,ong__ over the  conmuni catjgns sa/stem to
said mobile parts. FPy8 &HBRIraEsS ©rd NGEVPEy Sheyyioe overlay ateas defineb gy e a

| ar ge number afethbeeéiSthe InRptISEIN relaBioh €6 a@RIIWEr dabiewbar 25 particul ar
roads (and hence of congestion on those roadau can be built up. This can

be nore stable t hanAesardngrig Ret SRRAAIDENY BLFIBVHR dnieng Y9RoBNEY SRR 1f8e? t he
navi gati on sygk& s McdnitrRirdCaaHBRts Of2 {1€0) sHd M ANMbEY SNMBBid Partstdiainisiser s.
Advant ageously the invention .can be inplenented_ using a public cellular
radi o dat a SepPie @8lyois shPwhdcamriising eipaentsp! bi@si Q) ipteERANAPFgd Ys Angsillular
nmechani sm for, %h@hé heffbrk9; avoi ding the need for a separate radio
transm ssi on system . The neans for determ ning the |location of
the nobile part nmayThompbieseart comprisess mebilentalaphgpaifl haying an audio output 2,
~location-identjfyi.ng. far m PaL.L e nohi L rt g
For exampl e by UG EEGE e . 3oPaibft (kiR hidkeGerd; ! The oBRGET

WO 96/ 07110 connected to a decoder 5 to translate Dual-Tone Multi-Frequency (DTMF) signals

PCT/ GB95/ 02068, gived by the telephone 1 into data which is fed to an interface controller 6. The
interface controller 6 also'. receiveé input from a GPS (Global Positioning System) _ |
' satellite receiver 7. The interface controller transmits data to a DTMF encoder 8 | {
which generates tones to be fed to the audio input of the mobile telephone. The
audio ouiput 2 and 'input: 3 also include a loudspeaker @ and microphone 10
15 respectively, to allow the telephone to be used for speech. | _
| The fixed part comprises an interface with the cellular telephone network
11, connected thr'ough'a' .DTMF decoder 12 and encoder 13 and a controiler
interface 14 to a computer 15. The computer 15 corﬁprises a number of servers
16, one of which is all_ot:éted to each éctive rﬁobile dnit. The servers 16 have
20 access to a geographiéal database 17, and a database of standard messages 18.
The geographical database 17 is updateable through updating input 19. The
database 17 stores the definitions of a number of oVerlay areas which together
~ form a geographical overlay to the territory to be covered. Exarhples of overlays
~ are illustrated in Figures 2, 4, 5a; 5b, and 6, to be described in detail later.
25 The mobile part obtains Iocétion information using the GPS receiver 7 and
“transmits this information, together with a request for dire'ct'ion's to a specified
destination, to the fixed p_art,"where- a server 16 relates the location information to
its geographical database 17 and obtains message information‘éséopited with the I_
" location from the database 18, and transmits the inforrﬁatio_n back to the mobile
30 part. '
' : ' The computer 15 may transmit messages in DTMF code, using the
encoder 12, or it may generate voice meésages which are transmitted through a

voice output 20 to the cellular network 11.
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g an inertial navigation systemor distance and direction neasuring
devi ces such as a conpass and an odoneter. Alternatively, the neans
for .|l ocati ng wo9s07T1a0 Ay i ncl ude nmeans for identifying tRETIGBI5020651 Of
the nobile part in relation to el enents of the fixed part of the
comuni cations system The location of the mpbile part 5 may be det er m ned
by a radio |ocation system associated with tHe cellular radio system
In another alternative arramgenent, a satellite navigation system may be

used. In one preferregrpEr 4paEaRt Jsbe tB' if-@ﬁ%nﬂ@rthe fb%%ntﬁﬁa!?ﬁ the® VAR B he

t he approxi mate location of the nobile part, and t | ocation
i denti fyi ng neasempdter hB which pgshihes offgr t”f?f@aé'ﬁ’f‘@ﬁgeﬂﬂ'd@ﬂc? gighes e theyvehicle or

| ocati on reques{v\%] %6mn§ﬁglggatlon 10 neans with a non-uni que

| ocation signal In Cco nation with the approxi mate | ocation
determnined by the fi xledhpafpuow-detdeacn‘am \arigtionpuen |the esiorepparatus depicted i n

f d f
2 Catellite mai R DALt Be doddReloh willhicllin SRrbens AERFRLS: BfikFe

parts as measur edTheysyskem ssaopsrated @s fiellowgat | on system are conpared with

t hose of the fixed 15 r S Lie. ' i stem |
The position of the fIS(Q% %)tgﬁtoﬁ?? %dbwﬂ%%?ﬁg%‘et%# 5%'2'5? %ycgﬁﬁvgg a% '
provi des a ref ed:emiecomdumremttembhwla 1. Thik| sengicé heqyestii¢ itmnsmfttddweo the
nobil e part to be .deter er _ac

P ot mart ur orSatrunthaegs: 14 Suerind eigpettvaRolL| TR comrol iReh38S 1 8ubep)

the fixed parg HRrReat¥seca GI”edTEérGerSQBVﬁ’ snswst tmaeal Eﬂd! ;miehegablng véhidle GRS/ eI
to a nobile part onl

ires seryice.. ractlce o] er
St uacieoRNet B BtSSTTeC A ETRRAR Psitio-THRLPugr TefepRe feitlde s
this allows theand longRGAY HatatndEPsH4IaRES thef nunitsers l.memmrttoﬁe:p&e W5 8 Gnafmet
efficiently, and the system can support many nore nDblle units in total

. than it has sertahe e%ﬁ‘}&E?q {p mete detsjl helow.

 The cellular telephone couples this audio SIgnaI into its speech input path.

15 This is easy to do with a. hands-free vehicle-mounted cellular telephone since the

- microphone lead is accessible or alternatively, a small transducer can be mounted

~ next to the microphone 10. A DTMF receiver 5 coupled to the loudspeaker 9

(again acoustically or electrically) decodes supervisory data (again in DTMF format)

.coming' back from the server 16 to' acknowledge the reception of Ioca_ﬁon

20 messages. If no acknowledgement is received by the DTMF unit then the data

message is repeated

‘The fixed end of the svstem comprises a DTMF decoder 12 and encoder

13 coupled to a- serial data interface 14 of the server computer 15. This

computer, on the one hand, can call the mobile part ‘which will answer

25 automatically' and then provide its location using the DTMF signailing system or on

the other hand can reeeiv'e an unsolicited call, which would include the DTMF

encoded identity of the mobile unit and would also provide the. vehicle location
using the DTMF interface 6. |

_ " The server 16 then captures the current posmon -of the user, and |dent|f|es

30 the overlay area within which that posmon falls. The server also captures any

© permanent user—specifie' information such as the type of vehicle, which may be

relevant for the route to be selected e.g. becau.se of height or weight resirictions.

" The user may encode those requirements which are not permanent,- but are
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in contrast to the prior art system discussed above, in which each nobile
unit 25 requires a dedicated conputer carried on board, which is only used

for a fractiyuepbizo the tine. Mreover, all the servers cagrisRs ,ﬁmgé)mmn

road- use dat abase, which - can use the infaormation on routes it
pl anned for nobile users to build a - prediction of future road use
~ status, such as likely congestion points, 1&d bujild this into its

gui dance instruction process. For exanple the systemcan be arranged 30

such that 11 gogkcR'wd Jr?&-{qt g?srOa@aneau&eﬂ?sas&{auaﬁﬂ.s%ﬁstﬁ By 0

use a par stre at ‘a particular tine, an
alternative rthet wieplhone eypad in pespoRse\it® MQI grommer Howevar, dh racotederred ong

that road at ihatelifP ek&.ut.pg&smxd t0 2 HUAar e} PO LSRR of thiiPhidta.

congesti on poi enptive actl
SUBSTI TUTE SHHis a(IRUhEhQGI)ser to obtamg&’tm:uﬁ ldentlfylng his desired destination to
PCT/ GB95/ 0

The nobi | e%ggt?'f’ werp,ngpcemaésogalllo%%gée |drr1"s' boctsPeak rl?ga'hegu"%mn?rr‘% Ikg?ﬁ%g &ls
i nstructi ons Kgandkaind@gles fred e dyivindance information transmtted fromthe
fixed part The operator then remotely programs the in-vehicle mterface 6 with
system data identifying the vehlcle destmatlon, for use in subsequent update
processes, and instigates the generatlon of voice given directions and instructions
10 to the driver by a speech generation subsystem pf the computer server 186.
Position fixes may be made at regular intervals, e.g. every two minutes, or
every kilometr_e. Alternatively the fixed part may réquest the mobile unit to send its
next position fix after a specified interval -or distance. x>

As the driver follows the route further instructions can automatically be

. 15 sent as the driver enters each new overlay area and the driver can be alerted if the
| route has been left or .if any new traffic problems have been ._detected that will
“affect the individual driver. The system is arranged such that when the system
locates a mobile unit éntering an overlay area having a message defined for it, for
e;cample the next turn instruction tqr an error message if the mobile unit has gone

20 off the selected route), that message is transmitted. The syétem may aiso be

. arranged to transmit messages to users other than the mobile unit in question, for
examplé to monitor the progress of valuable cargoes. '
At any time the driver can call the human operator if service requirements
change or additional help is needed. _ _

25 ' Because a central dat_a_base is used all vehicle mo_vement; can be
monitored. Traffic models can be.used to optimise traffic flows and reduce
journey times. The éystem can also ensure that it -does .not. its'ellf- cause
congestion, by Iimiting the number of vehicles it directs to use the same road at
the same time. The control SVstem can use the Iocation. data to calculate and

30 record movement vectors from these vehicles. .

. Using the data collected by this method, it is posslbie for the central
'system to derive a digital map of valid routes. The following data could be derived

automatically: valid travel lanes; permitted direction(s) of flow; allowable turns; -
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over the comunications |ink, whereby guidance instructions can be
comuni cated to the user by neans of the guidance instruction neans. 5

For some apphidaidipies the vehicle may be controlled directly sdricmspgusse to
t'he gui dance I nformati on recei ved over the comunications |ink. Howegde%?

for use on the public highway, it is preferable that the gui dance
i nformation controls di spl ay neans, whi % may be visual or audible or
both, to indicaté to a driver the direction to take. 10 The

gui dance i nstr u%%esaSPIt%ﬂ%nﬂ%}’n@ﬁd?f@@amh@ abEsring @ timéesk 84y land oth&ver

t he- communi cati er automatically or by a human operator. The
gui dance instrdstton means nay include a speech synthesiser, which may be

located in the fixedpar gysténrl qgémjtédt&g ||9eﬂ5ﬁ§qggsm§9 {ohghdweéerg,\éﬁémt he

comuni cati ons system or cate In the nobile unit and controlled
by 15 data neshangss fnewrmddehrihsx@balpmﬂ to Phe Way m‘fe@ﬁr%ﬁgeniﬁmpaﬂar\b\}@et he

mobil e unit to be, si Lfie

Sl 1 r o1 gndil eigRreRcigrn Toed Watks e¥!dthq WS peitdBleed | MARGTURAGREILt bER B
pa:‘:i t |t s in aI vemlﬂdjlfne diaﬁes:*'.hdry Ity - ilhmance toqalsgtriibe hsyisterm 49 |a:eerrvpga$ @Pﬂg"@)
pedestrian. In one r t ermbl . '

cel lular radi o R§f9'E. &?n%?te}ﬂ‘l Qﬁﬂg{"% 'ifogr]ﬁ¥t\'/$1§é'% Vghlggpgg\%g&tg gl %r@?@lnlee
user W thout thl%hmdarfeqrouﬁﬂwmdheate&drcmqluinnrdivl.t 'Any approximations Enitbeliprent s

of the invention w I | now be descr|j b a
to the drawi ngse"t?’ﬁ Watayould a”mmat’cal?y be é?r&ﬁ\fgggygﬁ %Est%m Bcr\lggspa; 3 Sﬁgnge
fixed part gp a navi gl :Wéténﬁ\fc@maﬁﬁé @ltther erhiftetitaoRludei any bthearinformation

errbodl nent of th t
Cent | on ey HBSERY edelegans 1o traplers s combinplgn it Hahlal shd alfSidedd aare o

3 Ilustrates t irydieVd. SbOdtioRf ofbuseitbpd, Qeléphdriedbaxuaesndacther eiregr fuenitune, and
| nstruct ions generated by the system
proximity to enterprlses such as shops, banks or offices. ~
The variation of transit time trends according to time of day, for each link,
15 could be used to derive a congestion prediction model, as the basis fo_r route
guidance. The system may monitor the progress of the mobile uhits along the
routes selected for them, to identify any areas of traffic congestion etc, by
comparing actual transit times between predetermined locations. This may be done
: By the fixed system monitoring the location updates of individual units, or it may
20 be done by the mobile unit, in co-operation with the fixed unit. In this latter case,
the fixed part transmits an expected range of transit times within which the mobile
is expected to reach a predetermined location. if the mobile unit reaches the
location outside this range, it reports the fact to the fixed part. By “reporting by
exception” the data processing overhead can be reduced considerably.
25 However, these systems can become unstable_ if too' many drivers have
access to route guidance ‘based on ihfdrmétion about current or predicted
" congestion. To avoid these instabilities route plans are created' and updated
centrally and passed to individual vehicles. The impact of these vehicies using the
suggésted routes is then added to the prediction. As more vehicles use the system
30 the prediction produced could become more accurate. '
Thé routes derived can be passed to the vehicles (via a mobile data link, or -

" possibly a short range communications link or other temporary access to a fixed
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Figure 4 |IIustrates an application of the |nvent|on to a nore conpl ex road
30 layout; Figures 5a and 5b illustrate the nodification of

an overlay p nse to a change in traffic circunst
WD 96/ 07110" 0 270 Wmsiilts

PCT/ GB95/ 02065 | | | 10
Figure 6 illustrates a road network, showi 4 overl ay areas defined by.the

met hod of the invention in relation to a cellular radi o network

According to tt’é%c@n‘i‘iﬁﬁﬂic’iﬁ@ﬁs RétmﬁrlgUFﬁorltot&%a aeh 9 n%%hi%%%r&%hhﬁén §xﬁrgte

‘fixed part (conprising elenents 12 and a nu
whi ch 5 one O?HtWQ@OL@W@mbE%HPﬁJTPP@Fﬁ@d'@m@Q signifisantly frormmese:prreumeded by

a cel lul ar tel ephepe c@ﬁfrﬁﬂo&kst%ﬁn detected a éarobler;l;hﬁrno'pm E’\%leoﬁr{ﬁ ' ses

a nobile tel ephone 1 having an audi o out
radi o ant enna souragal iwhith dadiavsgvere inpact gutqw:hctibnsssuffucuenmmeaiseob t:l@ar%e

decoder S5 tg tpangial ﬁlrgﬂel gJ e'ch L4k véj %P§g§¥ (P?-I;.I %ﬁtr fna\@% of the

recei ved by t he tel ephone ata
control | er 6. proldem, sughthat ftianse \(Bhrctascﬂff&etecﬁcmild; aum&mcmeﬁcallﬁpuﬁa BreébiR GPS

(G obal Posit 'cﬁ?& ngi?%% c‘gmns link to receive a new route from its present location to its
destination. : - '
.If a vehicle system .encountered uhexp.ected- transit tir"nes along its
10 programmed route it would send a report to the central system.
The data flowing though the system will therefore allow -it to "learn” more
of the road network's characteristic congestion behaviour, e.g. by use of neural ) ‘
net ‘techniques, and to select routes for traffic which avoig -using routes at times
when they are likely to be congested. In addition, the systém can generate digital
15 road m'aps or other dafa autométically, based on the position measurements of
ve_hicles using the roads. ' _ | o

A particular aanntage of this system is the ability to predict unusual
patterns of congestion from the route guidance information requested by the users.
Because route guidance is generated centrally, the system can monitor the number
20 of requests for destination inform.atipn to a- given location. By determining fhe
predicted arrival times for each user (which will depend on their stérting points,
and the time the journey started), a build-up of traffic converging on a particular
location at a particular future time (e.g. for a major sporting event) can be
de-tect_ed. Traffic for other destinations, which might have been routed by way of
25 - this location, can then be diverted to other routes. '
The system deScribeq above uses an analogue telecommunications link, in
which DTMF épdes may be used. For an analogue cellular radio network DTMF fs
an ideal signalling medium when only short status messages are required to be
transmitfed. lt'dan survive in the severe signal fading_'and,npise' of the mobile
30 environment which frequently preciudes the use of fast phase or frequency shift
data modulation. Another advantage is the ability to co-exist with speech. For
example a DTMF data burst containing vehicle position d'ata'could be sent at the

start of a call and at intervals during the call. Other simple coded DTMF
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satellite receiver 7. The interface controller transmts data to a DTM

engpfler 8I rwV\/ni ch generates tones to be fed to the audio i nput of the
nobil e telep 83607-'1_;53 audi o output 2 and input 3 also incppge

| oudspeaker 9 and m crophone 10 15 respectively, to allow thie’ tePgsrg 2g‘snse to
be used for speech. - The fixed part. conprises an interface. with
the cellular tel ephone network 11, connd8ted through a DIMF decoder 12
and encoder 13 and a control.l er interface 14 to a conputer 15. The

conputer 15 conpr isfaﬁ%s 3 arqu%Terl;thJon§§sye\ﬁe{o§_ én%cat;@mépg&cggs, \gpé‘ggbais%,ﬁé | et ed

to each active i) uni t servers- ave 20 “access
geogr aphi cal dahdibatimsl(g,g. dluhinatdd Rerbws do gbrnslefirat dightinerstsiggerssynghetic spegehe

geogr aphi cal dat aba%%%%%gip%ﬁ?fﬁ?&-%%g%rﬁi&,ﬁ(e‘r}g’gmé‘pdati ng i nput 19. The

dat abase 17 st ot %S 1 T ons a nunber of overlay areas which
t oget her f orm a grhedDERicoding aessribag above Iscsuitablei fooay anajogue sysvamcln. a

DL ot 8 B o SR UTARTSER S Bty o ot

be described™ir _ arns locatron
i nformati on usi q3a isherefRSichesahy Short Mexdage SetviceniSMS) 0ftGSN (Globel Systerarfor

together with a request for directions, to specifi.e L Lnation
the fixed part , Mghi §°’H"§’8|‘:\?H?" ,GorrtgpZ‘%eé\gra?ﬁg&eigggﬁog%erylﬁ? g@éé#)l pdépqsgd fof
i ts geographi cagsgt abase 17 and obtai ns nessage information associ ated
with the | ocation fromthe database 12 and transmts the information

back to the nobile 3dn th§r gmbodiment describe i‘i’é"’&%nﬂ?ﬁ spe _gwt{qnaﬁ%vftem
messages i N {gTMprheP8rt dfShéSer/bE16. APRARRE/, itldan 189 carfiedBl bgsidetha vehici 6t

messages which are transmtted through a . voice output 20 to the .

cel lul ar net wor this] arrangement the subsystem has various stored speech commands which are _
controlled from the in-vehicle interface 6 in response to commands transmitted
from the fixed part. This'arrangement reduces the signalli'ahg traffic required over
the radio link 11, but increases the complexity of the in-vehicle equipment.

15 Thé Iocation-determinaiion éystem will now be described in greater detail.
GPS (Global Positioning System) satellite navigation receivers are now becoming
very cheap'and are available with a serial data output. These can provide latitude
and _longitude data to within a tenth of a second of arc (defining position to within

- 3 metres, which is sufficient to identify whiéh carriageway of a dual carriageway

20 road a user is on),

Satellite bdsitio’ni'ng systems such as the Global Positioning System (GPS)
are prone to small systematic errors, for example as a result of instabilities in the
orbits of the satellites. The accuracy of the position measurement may be
er;hanced by a process known as “Differential GPS” in which a number of fixed

25 reference poinfs are used, whose positions are determined with great precision e.g.

" using surveying techniques. GPS is used to obtain a measure of the position of one
or more of the fixed reference points. This measure ié compared with the known,

' ' ‘true location to generate a correction value which can be used to correct the

position of the mobile unit as measured by GPS.

30 | The positioﬁ' data received from the .satellite positioning system may
include some redundant d.ata. If the system is only to operate within a limitéd area’
.of the globe the most significant digits of the position data are redundant, and

need not be transmitted from the mobile unit to the fixed part. For example, any
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DTMF si gnal sygéderdfocd to transmt the position of the vehicl '

v$| ch can then offer information and -guidance either Jtsy(')ﬁ‘{ﬁﬁe
to athird party on demand. In the foll ow ng

conput er 15
vehicl e or

~di scussion, v
al so be descr
The systemis

the driver reguests service act in lalled contro
t el ephone 1. Thilengitdei ae thatqpoestry lies entirelynthativedn 4G antk55 degreestNopth, and

interface 14
10 allocates

vehi cl e GPS Kingdeseinvhis way,caltheugh in that icase gddgdegoés otfketpodorgitode habao

encoder 8 tak
nunbers int
detail bel ow

t he nicroph 10. " A DTMF iver 5 | ed I ker 9
bust AfieF jap ipialisaton Stapayeing, thectul] docation Hia, svster) SRaFS 7s.85h e,

(agai n acoust
DTMF for majg

15

20

11

ariations on the basic apparat@is depicted in 5 Figure 1 will

i bed, in which certain elenents are . nodified or repl aced.

ORE iR G A% @QL{:IQY}ﬁiPG%tdeﬁgeda% the ihied Q@iélto?ri s 186ty ejaﬁb”o?ey

on t he

B350 517 Y SRS B o horalc SEIM By AT ke P

erver answer I nt'er

£ B nenl 2.y Dopipic ol aorRobt Bl R ARG R0 M.

( . For larger Tdifitoeies kigl ampah<uegpean aystemploesnd boweriag dhe USAgNnal
into its speech input path. 15 This . is easy to do wth a hands-fre

vehi cl e- mount &Ys ééﬁﬁﬁl’giet[hf’glép%ﬁée%cﬁ&@ ' H@pracgc?h%wgrnépI'.seﬂﬁvﬁ'@'e'ess
accessi bl e or pakdisie et iedatey thé dati tdquiremes@ubye dyaamically efiningcthe territest. t o

fto the | ouds

location the closest candidate to the previous one. For example, if the mobile unit
was last reported at 99 degrees W and the units digit of the longitude is now O,
the user is taken to be at 100 degrees W rather than, for example, 90 degrees or
110 degrees. a o o . .

If location updates take place sufficiently frequ;ntly that the user’'s
position cannof have changed by more than half a degree, the units digit of
degrees may also be dispensed_with,- and the location given only in minutes and
seconds of arc. The more frequent the updates, the more 'digits can be dispensed
with. | | - |

An - alternative method of obtaining the coarse position location is
interrogation of the cellular radio system’s operating system to identify the cell in
which the user is currently located. Cell sizes can be up to about 40km across

{although they are often much smaller, so identifying the cell can identify the

user's location to within 40km, which.identifies latitude to better than half a

. degree. {1 degree of latitude = 111km). The separation of lines of Iongi_tude varies

25

with the cosine of the latitude but even at the Arctic Circle (66 degrees North) a

" 40km resolution will identify ldngitude to the nearest whole degree {1 degree of

longitude = 111km (cos latitude) = approximately 45km at 66 degrees North).

'By left-truncating the position data by omitting the degrees digits a basic

- position message would therefore consist of 10 decimal digits (minutes, seconds,

30

and tenths of seconds). Altitude data giving altitude in metres would require a

further four digits, since all points on the Earth’s surface lie within a range of

10,000 metres, but this data éan also be left-truncated, as it is uniikely that any
multi-level road system would exceed 100 metres in height {or if it did, that a GPS
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com ng back fromthe server 16 to acknow edge the reception of |ocation 20
nmessages. |If no acknow edgenent is received by the DTM- unit then the data

nessage i S r apeod/edio The fixed end of - the system pongBISREsA
DTMF decoder 12 and encoder 13 coupled to a serial data interface 14 of
the-server conputer 15. This = conputer, on the one hand, can .call the
nobi l e part which will answer 25 automati céVI y and then provide its

| ocati on using the DTMF signalling systemor on t he other hand can

receive an Uns%blﬁt%h\t Ffauﬁawbrk McﬁﬁeW# Qn{' v &nhﬁerPINEr |evels?nﬁ'@§i§ﬂ/es a

identity of the unit and woul'd al so provide the vehicle |ocaflon
usi ng t he DTMF totat ef fwelee digits, which Can be trafsmistad ey DTNIF indessthan drsegondse

current position of ¥ rkﬁa is 180 %ruhos84 'aE'dFe?cr?b%d db6e, AKE kAN s §ita'd ESHJ&

whi ch that position e server al so captures any .per nanent
user -specific ibgf memgrmesmrqﬂsr t1eby yreteresicey thithe @revigtisc hositign lse to the

rel evant for the,.r d e.g. because of height or weight
restricti ons ce"m% ragloo e%m@%&%@hﬁe t hose requi renents which are not

per manent, but are When the\bﬂnﬁﬁtd}ﬂﬁlﬁecelves a Iocatlon message, it stores the location

PCT/ GB95/ 02065 and then searches its database for an overlay area within whlch gr?at position lies.

The overlay areas are defined in the database by co-ordinates of latitude and

longitude and Eave associated attributes which define messages which can be

10 .- passed to mobile subscribers within the overlay area define_d. In some instances

height (altitude) information, also available using satellite positioning systems, may

be used, for example to distinguish between levels in a multj-level highway

intersection. When a DTMF location message has co-ordinates which fall inside an

overlay area having an associatedmesség_e, the message is then transmitted to the

.15 mobile part as a computer synthesised speech message, a DTMF coded message
(to activate other subsystems) or as a high speed conventional data message.

If the mobile unit fell within the same overlay area at the previous location
update, and the message associated with that oVerIay area is unchanged, the
transmission of the messége may be suspended.

- 20 : The frequency at which location updates are réquested_ by the system may
be tailored to the size and nature of the current overlay area. For'example, an
intricate road layout may comprise a large number of small pverlay areas, requiring
frequent location updates to ensure that a user does not miss an instruction by

' passing through its associated area between two u.pdates. However, a long stretch

25 of road without junctions may be covered by a single overlay area, so less frequent

- updates are appropriate. The speed with which a vehicle i_s likely to be moving,

which will differ between urban, rural, and motorway environments may also be

used as a factor in determining when the next location update should '_be
requested. ' | |

30 As suggested above, there may be circumstances when a _satellite

positioning system rhay be unusable, for exampie in tunnels or built-up areas where

‘a :?.n_e-of-sight' view of the satellites may be. impossible to obtain. Alternative

arrangements for identifying and updating the mobile part's Iocation' which do not
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specific to the present information request, (in particular his
destination) by using the tel ephone keypad in response to voice

pronpts. Howwy&dw7iio" @ preferred - arrangenent the call to a
human operator tor the capture of this data. This allo %ﬁgﬁ@é@

obtain assistance in identifying his desired destinationto 5 the systen1
and also allows the driver to speak his raguirenents, keeping his hands
and eyes free for dr|V|ng . The operator then renotely prograns

the in-vehicle interface 6 with’' éstem data identifying the vehicle
dest i nat i on, "R ofQesatpllite, FRostySE Mavu PR dtsed. eithes, o dkaie oWna I fonintergalatss t he

generation ofbevwe&ep&hwh%raeﬁtelm%y@% icB® b Webd. Onmsoﬂé)vaﬁéhttbﬂa%éw&{ by
a speech generatlon subsystem of the conputer server :

Posi tion fi xsSYstegybredpndeadireckogingpay H? dgech I s‘@hgsvstﬂm thetuger identifiess, or
every kil onetHi@inithil id%%ﬂ@ﬁ M@ e Brﬁﬁoérﬂ%eﬂ@ﬁka@)ﬁs RS \Rstem shﬁoVQﬁéAtee ni t

to send its ~ next position fix after a specified interval I stance.
As the dri%eryf plaoaetic tﬂqérlngam%asmmen@n diptapee crouotess.cand doartialnnavdadtion be

15 sent as the driugr .8 eenQqu% doé{fcrele?tYm@trePsawa?tch# ??stgrtn's le GaF. be

alerted if the route I'T any ne C pro Iens have
been det ect edontainedwbpt requnre ésnwtﬂdge loé the@tarting abintir This mayThe obtgirtedntors

arranged sucgﬁgmpfe FeTTsl éa@eqhtﬁ%ggﬁgﬁm étgg.pt es a nobile unit entering an
av

overlay area ng.a nessage it, for ~exanpl e the next turn -
instruction (or anlreamathemexi@ayea nfethddeofnbbatim mavtbehaiedgmmeh 2élies ainf thehe

sel ected 8 u#)?%{:nagggc?rf cHEraefREidsS of Er?e”%m%e%d st?lﬁs t%?b{ra comwtfmcfsﬁlon

arranged tO fESSages toouser S
question, fomith theeceatrpl cmntml station. cﬁxatﬁpﬁesmf(sgciessstefhs\aaé diablosedinr Graran

AL ey L1 Sl Skl LB OPLR Oyt eyt
«i's used all \Bd¥chl, eumuauesmets Patemi 42¢0913 (N@whdusek Eurcpeah Patentepedification be
“:_;:iused to opti %85265@{ o(fuaf), Vgsln?quatlonalulgatent applications W092/13284 (Song) and
: 15 WO 88/01061 (Ventana). By comparlson of signal strength or other characteristics
of several cellular base stations, a position fix can be determined. In this
arrangerhent the location measurement may be made directly by the fixed system.
This al.lows the mobile part of the system to be embodied by a conventional
cellular telephone, with inputs being provided by speech, or By DTMF tones
20 generated by the keypad, and instructions to the user being transmitted by voice
commands. - |
Examples of the kind of navigation information which may be stored in the
database 17 will now be d_iscdssed, with-refer_epce to Figures 2 to 6. Briefly,
Figure'2' shows a junction J having four approach roads 21,22,23, 24; each having
25 associated with it an overlay area 21a, 22a, 23a, 24a respectively. In .this'figure,
. and all other figurés illustrating road layouts, the roads are shdwn arranged for left-
hand ruﬁning, as used for example in the UK, Japan, Australia etc. Figure 3 shows
‘part of a road network surrounding the junction J, including towns A, B, C, and a
motorway M. Each of the roads 2.'1 . 22, 23, 24 has an associated d_estinétion zone
30 21z etc. Figure 4 shows a éomplex grade-separated junction interlinking four
" roads N, S, E, W. The junction has superimposed on it an overléy having twelve
ovérlay areés,_ Na, Ni, Nd, Sa, Si, Sd, Ea, Ei, Ed, Wa, Wi,. Wd. Figure 5a shows a

small region having a main road 33 and a side road 30. The main road 33 has two

 SUBSTITUTE SHEET (RULE 26)



journey times. The system can also ensure that it does not itself cause
congestion, by limting the nunber of vehicles it directs to use the sane

road at 3@@ S6/Fo L1 me. The control system can use the | ocpért
' . /@89 to
cal cul ate an 6 record novenment vectors fromthese vehicl es. by

Using the data collected by this nethod, it .is possible for the central
systemto derive a digital map of valid route@s. The follow ng data could be
derived automatically: walid travel lanes; permtted direction(s) of

flow, allowable turns; WD 96/ 07110
PCT/ GB95/ 02065 associated overlay areas 31, 32. Figure 5b is similar to Fi%.ll’e Ba, bﬂ(/eqnage

]E ;22’3: st | mes; torbgﬂﬁlétldnﬂxtl.‘, %Y(fgenf bﬁ'&ﬁtiz d&%ﬂ:&ﬁdﬁaﬂ Q'lidl tﬂﬁéo@érladaateam idshiggen

: e system wou au tica at h
permanent - @¢HBdiyed intativoyeriay Areas 3¢ax sgef’ﬂ'af%‘eb‘&g’&? §'P§H€"aﬁ:fqyr7 8o
Temporary |ane sﬁo¥v§ | ety fcaﬁamuguﬁ%@'eﬁ/\wdfﬁy@ré‘as 4pulg subesmpesedestns denbLilar
Manual -updating o ata - e necessaré for instance to alert the

systemto a Ee\mtlbypasga%mlqm\'gt)ompfls'flseﬁWr"é'FIEP -t emacquired t he
i nformation from vehlhpbpe'g%}.owegat the fo3d GUNHIbR J  (FigiRNRF h&s félr apbRIER doduser

the new road initially approximations in the pre-

21, 22, 23, 24. On each road, at the approach to the junction, an overlay area

(21a, 22a, 23a, 24a) is defined. These overlay areas have directional mformat;on

associated with them, giving turn instructions or other navigational information. As

10 shown in.Figure 3, the entire territory covered by the riavigation system can be
divided into four' zones 21z, 22z, 23z, 24z, each comprising the set of all locations -

for which the corr_esponding-road 21, 22, 23, 24 should be taken from the junction

_J. In this particular example, road 24 leads directly into town A and is only used

for local destinations (ione- 24z), road 23 leads to town B (zone 23z), road 22

15 leads to town D (zone 22z) and road 21 leads to the motorWay. M, for all other

destinations including town C and part of town A. These zones are defined

differently for each junction: for example at junction J’ different directions are

appropriate for towns A and C, so these towns fall in different zones with respect

" to the overlay areas at that junction. The .zones_ may even be defined differently for

20 different overlay areas at the same junction. For example, if U-turns are not
. pdssible at the junction J, any'traf_fic approaching the junction J by road 22 and
requiring town D (perhaps as the result of a previous error, or a change of plan)
must be routed by way of roads 21, M, and 25. Thus, for overlay area 22a there
are only three zones: 24z, 232 and the combined 2121222, correspondmg to the

25 three permitted exits 21, 23, 24.

' The zonés may be re-defined according to circumstances. For example,
when the motorway M is congested, the best route from junction J to town C may .
be by way of town B. In such circumstances, zones 21z and. 23z are redefined so
that town C now falls within zone 23z. It should be noted, however, that the total

30 number of zones remains the number of éxit routes from the relevant overlay area.
The overlay areaé- 21a, 22a, 23a, and 24a should be large. enough to
" ensure that any vehicle approaching the junction gets at least one location update

whilst within the relevant overlay area, and is thus sent the relevant turn
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entered data would autonmatically be corrected by the system described here.

10. The system could be further enhanced to include any other

i nformati on t may be relevant to travellers, by a co '
manual ‘and gﬁ{%ﬂ% ed data - entry, e.g. | ocati on of -bus stops ngﬂgghone
boxes and other street furniture, and proximty to enterprises such as
.shops, banks. or offices. - The »griation of transit tine trends
according to time of day, for each link, 15 could be used to derive a
congestion prediction nodel, as_the baS|s for route gui dance. The

system may nimstugHon.hHas shewp da Figyre 2h ahesshovesiay rreas afeotiscretee and mavbees
sel ected for cBhﬁ‘.‘E@re& Qqundﬁgﬁﬂ tfoythé‘%vé’é&élﬁreﬁé of b béde gﬁf"aﬂﬂfé brit a%rﬁ;sté?){

conmparing actu transit tines between predeterm ne ocat | ons. I'S may be
done - by dheussesd@@owsﬂ@mmmmpwmgbem@dematlgwmpdabmnm Flgmsw,dual
units, or |t5 ? gbe done by the mobile unit, in co-operation with the
fixed unit. I'n' ?us fatter case, - the fixed part transmts an expected

range of t%ansit tFigate dishows anhorehcantnlexdsadesseparated Jtmpemt iBdwvhich tieexeh a

predeter i nedd Q60 Blond(arblle EUBRIE NI of SHGHER LR, ot tndl PRRIDRas?HT 1 0o

this range, repor fiked par
exception" t herfemadlpgcwach@vew sreadNa; fa, 1Sa, Mu&wsmlsumwbl gnd as

Ho , th ] b ' hav

vees 1o rontntt Va3, A5 A SANIES Mo BB, Hhkie B ARYGIoNt o

coggtesfjI i on. 'Fmera;a?iade bhe:sa/a aread N(tj:iEf(u’o SiI g'sn t\ﬁbmhmplsﬁldecﬂr th ﬂfl_eﬁgtalﬁdy gg;ihe
ate cen

;J ﬁese vehl &1 H¥OYEE; ﬂgeﬁlmggﬂﬂpﬁ aggnpgag;am#ges rem ‘F‘ﬁg’jﬁ VSR £8n ﬁé’se‘?

predi ction. Asdéefming WVHicH RGella®d iHa&fSr)éSﬁtﬁBh 30erldycarps, afib keraB cofrstCRd
coul d becone nore accurate. The routes derived can be passed
to the vehicles (v]he aPRIBRRh andjintesmediate °‘fﬁ"ay areasach; qndyat A derision PaiAt e

. comuni cati op$ {d IH8. O . Gk atdtREPOT Al dacAC 6@sriayt ared hix efirection information
associated with it, providing instructions as to which fork to take at the associated

15 decision point. For example, the direction information associated with zone Si
instructs users for destinations served by road N to go straight on at point P1, and -
users for destinations served by roads E, S, and W to turn left. it will be seen that
traffic using the intersection will pass through .6ne. approach overlay area, one
departure overlay area, and may alS_o pass through one or more intermediate

20 overlay areas. There may also be information associated with the departure overlay
areas Nd, Sd, Ed, Wd, for example warning of hazards ahead.,_ The departure
overlay areas may be continuous. with approach overiay areas for the next junction
in each direction. _ '

~ As auser approaches the junction on road S, a location update identifies

25 the user equipment as being within overlay area Sa. If the co-ordinates of the
user's destiﬁati_on are within the zone servéd by.road W, the user is sent an
instruction to turn !eft at point P2. If the user obeys this instruction, he will enter
overlay area Wd. and on the next location update he will be sent informa_tio_n
relevant to that overlay area (if any). |

30 If the co-ordinates of the user’ s destmatlon are within the zone served by
road N, the user in overlay area Sa.i |s instead sent an instruction to contl_nue
'straight on at point P2 If the user obeys this instruction,' he will enter overlay area
Si.
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t'el ecomuni cayh9pg gt Wwork - prior to departure). The vehicl epwf&?s,éﬁgdﬁ
operate aut ononously, unless the road conditions varied significantly
from those predicted. If the central system detected a problem
(fromvehicle data or other _sources), @ehich had a severe inpact on

predi ctions, sufficient to cause a change 5 to advice already given, then
the central system cquld broadcast news_of. {he . problem such that.
Lhose-ven: cl o aff ectBHIBAT B SPBIATS! | e pg-ordindlfs, ot e fa’s destnatiog o
communi cat i ons dré mithiro thecomie \servedrtaproad (N ehe usemis sentparcinetitictionCRt g Btriight t S
desti nati on. '

. f vehi cl e 'syst.em encountered unexpected
Cransit times AoHPYTP Yoo sPeYPa e dnEGHEn: b ML eC SiRICURYRIFE Noganhe
central systemon the next locationTipiatiaha viill (b BéhttiRfuimBtibh @elayari a8 tat loveriay
therefore al%’owit, o "learn" nore of the road network's '

characteri st Pc ¥hfe¥™on behaviour, e.g. by use of neural net

techni ques, . and to s¢ @etcolPdingtesiobitnd adtinationdt GrusaVmi slensy Ak’ SUrE T He
tinmes when they are Ilkel%aéo be congested. In addition, the system

can generate diZgne 8frved by eads OrdV: theriiser w4l Be seRtAmiNsEYEYan togat efioat

the position npRaHFaTeRA cbePing this iNRRICEbR She!RiiNéhtéd Gverigddrea wi. | A
particul ar advantage of this systemis the ability to predict unusual

‘patterns of congest i &Mmilardatormation s assggiatrehwithi teopthat ioverlaveangas:t Byl bising: he
users. 10 given appropriate instructions as the.user. negotiates a succession of junctions
{decision points), the user can be directed to any destination. It should bé noted -
that all users who are to be directed to the same exit from the junction are given
the same instruction, whatever their ultimate destination. Ed

Figures B5a and 5b illustrate the feconfiguration of the overlay areas to

15 meet changing circumstances. Initially (Figure 5a) an overlay area 31 is defined- for

- the approach to a junction between a major road 33 and a side road 30, and a

second overlay area 32 is defined for that part of the major road 33 beyond the

junction. Information associated with the overlay area 31 includes turn information

" to instruct traffic for the zone served by the side road 30 to turn off. Information
20 may also be associated with the overlay area 32.

In figure 5b the major road 33 has .been blocked at a point X. In order .to
accommodate this, the overiay area 32 has been subdivided into two overlay areas
32a. 32b. The information (if any) associated with overlay area 32b is the same as
that pljeviously associated with overlay area 32. Traffic in overlay area 32a is

- 25 given new information wérning it of the hazard ahead. The information associated
with the overlay area 31 is modified, so that all traffic is now instructed to turn off
onto the side roéd 30. (Effectively this means that the destination zones
associated with the overlay area 31 are merged into one)
| Figure 6 shows how the o've;'lay areas may be defined for a road ne_twork.

30 In this example there is an overlay area 40, 41, 42, 43, 44, 45, 46, 47, 48, 49 -
corresponding to each'side of each section of road. information appropriate to each
direction of travel on each section is ther afore available to users throughout the

relevant section. Superimposed on this overlay there is a cellular radio network,
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Because route guidance is generated centrally, the systemcan nonitor the
nunber 20 of requests for destination infornation to a given | ocat i on By
det er mi ni Ngwd'§sm7110 Predicted arri val ti.mes. for each user (VgrGdpodh

depend on their starting points, .and the time the j our ney starte(ﬁ

buil d-up of traffic converging on a partl.cul ar | ocation at a parti cuI ar
future tinme (e.g. for a major sporting everg?’ can be detected. Traffic
for other destinations, whjch m ght have been routed by way of 25 this

| ocation, can then be d| verted to ath rou system
descri bed abovBV&.S¥E Hfnwhich (§QuéTt é?e?émﬁﬂhnaff’af'?% T"I%R“"ﬁ"ﬁ’ of the \useEnaDTIVF

codes may be us&drmifed firexampleasilie selite paditionty Systéth \@dtkriReS whith overld)
i deal signalling medi um when only short status nessages are required to be

transnitted. |8#e@shaRRiPRIialRtq e drer-sipdnioraptanis tfaaamﬁgedawdthﬁ@ieweocfomwb
nobi l e 30 envidpRBnimeshs O the QRUaET raa.d)heﬁwréeﬁaﬁme#bssemeehaéetuuiah%sé‘e or -

frequency shift data nodul ation. Another advantage is the ability t
co-exi st w tth siptiens,ocqusrin °°"VE'%&WE| enannesT fy-celh baunslarias. Eb?ﬂeahﬁﬂdﬁge'\?ieﬁfﬁcl e

~position data ﬁ&k’é\}é él%b 18%hé B6un §B@M Rithéobét 33%:% tervals
during the call rqﬁ“ P ne Ve ° \?\g 0%1%5
PCT/ GB95/ 02065 Although the descnbed embodxment relates to the proyj;lon of route

guidance information, other locality-dependant information may be provided as
well, -or instead, such as .information about local facilities, tourist attractions,
10 weather forecasts, public transport information, etc. The term “guidance

information”, as used in this specification, embraces any such information. - ‘

-
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nessages can al so be conveyed to i ndicat.e energencies, provide sinple
driver I ndications ((e.g. illumn arrows to turn.left or right) or
trigger synt hwoiss/orpeech gene not her sub-syst em POT/GB95/02065
vehi cl e. The DTMF ' bed above is suitable for "an
anal ogue system In a 5 dig net wor k di giti:

transmtted over an associ é% &e? dad% system such as the
System for - \‘“ Wm‘\s)
rvice (GPRS) p d for\

Message Service (SM5) of GSM
or the General Packet Radio

In the enbodi nent described above, the speech generation suf)system 10 forns
part of the server16. Alternatlvely It can be carried on board the
vehicle. In this an ﬁge Fﬁﬁd (rfOtiSa

commands whi ch <’1;1I‘e Rnra &ﬂﬁtfo lgﬁnlétp e I n-ve 'T{éé‘ I'{lfnt ert?g‘g[e’eadmlﬁﬁfeeggér
response to condepeddantr armsthe tlocation of fheomobitre uberk gtle pystem Thmprising s geabilat
reduces the g0 f e t

i ncreases thzé coﬁrﬁ{“hglg%]/&%f'g\'%g&i ﬂ%ﬁi%cﬁ%%ecf ik aFut.l" r{elg} %ArE%O&FEFHQH for

| ocat i on- det er ntoramunicatings it thiel ﬂ|xedowart)ethdemerorbadre| mobjilec part rinclediag Imeans

becoming - veldy ERAANG 5 the ke co RUPSE el RuleRRES iEolmBlch Rdiiec

C?n pr 0\(/idd]e | at rdcunbmg guidamoe udfomttundmrﬂamaﬂxen part,lEnd the fixed balmfinciudtrq:ond
of arc efining position sufficient
dent | Ty whi ch carr; 48RRI rcEeANS dhe JoRENGY = BObfe At Huesthp Sliggpse
Satel lite portindéridionystens such as the G obal Positioning System (GPS)
are prone to small systematic errors, for as a result
instabilities in the Meansyopgerergting ﬁ‘@d@'&@éﬂar@@@" W"é‘&%ﬁﬂ HW%?WP!% the _
posi tion neasur giEBiNd pareYarde - enhanced by a process known as
"Differential GPS" in which a nunber of fixed 25 reference points are
used, whose positionsmane de HRRFARHNG,the Qyidance pintrmatign, g0 generated fp;ithg
surveyi ng technhggﬁéparg?S is used to obtain a neasure of the position of
one

15 whereby information dependant on the Iocatlon of the mobile unit can be

transmltted to the mobile unit.

2. A system as' claimed in Claim 1, the fixed part including means for
determining the- location ef the mobile part in relation to a geographical overlay
20 comprising a plurality of overlay areas,_'and' means for tran_si'nitting information
associated with an overlay area which includes the location of the mobile part,
whereby a mobile part within that overlay area receives information associated

with that overlay area.

25 3. A system as claimed in -Claim 2, including means for storing a digital
representation of the geographical overlay, and means for modifying the stored
representation such that the configurations of the overlay areas may be_ selected to

meet changing requirements.

.30 4, A system according to Claim 2 or 3, including means for determining
when a mobile part enters a predetermined overlay area, and means for

transmitting a message to the mobile part in response to the mobile part entering

'the predetermined overlay area.
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or nore of the fixed reference points.

known,
to correct

t

limted area

data are redundant,
to the fixed part.
PCT/ GB95/ 02065

in Germany cag, be URi Q4gdny aé@éru.agetotm.—a.hhe @niok 3 AeRiking Mbars ﬁarld&érMRg and

e systemi’s only to operate wthin a

, any WO 96/~07810t

of its longitude, as that country lies entlrely bet ween 45 and
degrees Nor t hW
to define any, RRirttidg a rbshdl, t6% user olﬁé?giﬂmh@sélg'rﬁom}’parﬁllﬁ I?Qé&hsé igo t hat
case a 10 degree offset in Iongltude has. 5 be applied to avoid
dupl i cati orP othel amgmpmtpeeanzaeqenamH\%’s#etemﬂ%ozem a5 di an.

For larger. territories e.g..a pan- European system or one coveri ng t he USA,
this sinple nmethod of data reductlon I's inpractical. However, it is

nevert hel.ess 6.

anda mobilet REEIEMerand Predgtasmined pxyeday |qrea-saa¢seep@esf°b| e

_ def i n! ng the 5 Ta{e%rerlt M%HI@ éari1 H%Eér@ ér?‘éﬂgh@ %% %o%%y%ﬁé Q%r&&'@alngllrt

| ocati on,

the™s

10

15

20

25

30

t em se
response to the me_ssage

7. A syétem'as claimed in any preceding claim, having means for locating the _

position of the mobile part by radio location

8 . A system as claimed in Claim 7, wherein the means for locating position
comprises a satellite navigation system receiver ‘and/or means for identifying the
location of the.mobile part in relation to elements of the fixed part of the

communications system.

9. A system as claimed m any preceding clalm, wherein the means for
determmmg the location of the mobile part comprises means to interrogate a

location-identifying means forming part of the mobile part.

1.0. A system as claimed in claim 9, Whereih the fixed part has means to
determine the approximate location of the mobile part, and wherein the location
identifying means of the mobile part is arranged to respond to a location request
ffom the interrog"afion means. with a | non-unique location  signal which, in
combination with the approximate location determined by the fixed part,

determines a unique location.

11. A system as claimed in any prece’dihg claim, Wherein the mobile part has

means for locating its position by dead reckoning

R
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10 location the closest.candidate to the previous one-- qur exarrpl e, if the
nobi | e unit was | ast reported- at—~994ggrees——Wand H’Fe“‘Unl s digit of

t he | ongi t:udewipe/aa46 O, Ly’w /’En er is taken\-ts@ub’gf__ hc@RJO Ee/BoYddoad her
Ly

than, for exanple, -90 d 0 degnees. “1f location
updat es' t ake pl ace suffi &i et |y that—the user's 15 position
cannot have changed by nore than half 4 degr2de, the units digit of

degrees may al so be dispensed with, and the |ocatjon given only in mnutes

o o apone o S12], 21K B B Bobig N By GG i, A Rl S

be di spensed a|n|ng
coarse positi onnbmtqrcgene-tnﬁg) and mhaintairgeg goidande dite based wnavehiciel imovement

system s operatj %g da?%qem,,fh%ni,éj ﬁﬁ'&b-féﬁoﬂ @[(Ia‘d Cp%%itlob sureMinfdof & %lu\’%g{l toiﬁ zrt‘ﬁ:]h

currently | ocat I'zes can m acr 0ss

t hey are oft en mmobile partd lasd/pr ssmmamnsldfyiungetlbeatmblofcnha molsilet pdrts béeed on
user's | ocati.on,to Wnich dentif.je titu to better than
hal f a d8grvg 9 wf"ﬁeetﬂf%r@’ N PLRY'qustetran %eit%ﬁ} ?ﬁ'ge RASar ati on of
lines of longitude varies-25 wth the cosi ne of the latitude but even at
the Arctic GCrcle (66 degrees th 40 ol ution_w | denti f

| ongi tude to tht néasr"é \ﬁﬁ‘iﬂrg'"ﬁéargé‘é‘ Rrecesing: é@'"bf’ﬁ’ere'" F'E)%B?‘?‘LH%“'“T‘!PI‘S{%

(cos latitude) meﬂ@ﬁ&x'tfmﬁlﬁltﬂng’r&lsmw nidbildegdréesn NRpédipd range of movemeBb’
| eft-truncating thea{)oleon data b mtting the degrees di |ts a basic

posi ti on nessagBfaRBanen (38 &roresetvt §f“ dhe 1mobllec PR MIvEMEA (MAasurements

seconds, 30 j0anslitsig@ithe eQBec‘i@d?%?@%) and’*'tﬁé mubRe GAFECEprigRs rédnst féfl Pndaluring
netres mould require a further four digits, since all points on the

Earth's surfacdofationyandi Himg teufipsiver movement MformatioanesMesrR tohFemBerea thain
al so be | eft-trygeah&d infabmbdior Wlﬂﬂnﬂhb Kﬁ('tp)éctreb%né‘énbécelved ’??Hrﬁ Ia Y Gg;arf 8fthe

system woul d exceed 100 netres in heigh di d,
system, and means to automatlcally report to the flxod system movement

_ measurements outside the expected range.
15 | |
14. - A system according to'any preceding claim, the fixed part including means
~ for storing guidance data, means for updating the stored guidance data, means for
identifying mobile parts to which the updated data are applicable, and means. for
transmitting such data ox)er'the communications system to the mobile parts so

20 identified.

16. A system according to any preceding claim, wherein the mobile part
includes guidance instruction means éontrollable by instructions contained in the
guidance information transmitted from the fixed part over the communications link,
25 whereby guidance instruetidns can be communicated to the user by means of the

guidance instruction means.

16. A system according to any preceding claim, wherein the fixed part has
" input means operable by a human operator to input guidance instruction requests

30 to the fixed p_aft'.
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syst em woul wowgstuief f ectively,
gives a total of twel ve ]

17 -

ecei ver on_the | owerpCpesdsigroesihi s
ich can be transmtted by DIMF in-
| ess than 2 seconds.

the data is'| descri bed
above, the "coarse" dat by t3% intel mgﬂmmuﬂﬂlﬂml 14 by

refterence to the previous\pos¥tion or to the 5 cetlul an radi ® operating
system \ . GRS t -
stores the IocatlonA\m‘ng{rll r\hen s'%grc%\%g{ ?‘?gﬂrgg?g a{é%ﬁﬁgflé}gﬁgg@éeraﬁgfr%r ea
Wi t hi n whi ch trivhtle psssidependant es the locatitre obther ongyoranergsmabile diseri thedystem he
dat abase by cq- orﬂgl€qat es of |atitude and -l ongi tude and have associ at ed
attributes whif¥APTETT ne messages which can be 10 passed to nobile

subscri bers. wi t hi n tbansofoerdeterminieg thieidcation of @ mobie LNk trequesting guidasegyht
(al ti tude) m;ggo ma%ll on, also available using satellite positioning systens,
nay rmagien exarrpl e to distinguish between levels in a nulti-Ievel
hi ghway i nter semtaarﬁrfor WéresnatingCYuidfarice daformatiomess agiingasthe deaatidn rod tiess

whi ch fall |n5| ﬁ ‘overlay area having an associ ated nessage, the
message is thE® ?H’H&mtted to the 15 nobile partias a conputer synthesised
speech nessage, a DCiida cafRdnioBticragystem fc(rttmnamtttmgitr& ghibaricednforyiations) or

as a hi gh speed conventi onal.  data nessage.
g P generated to the mobile unit, - g

10 - whereby information dependant on the Iocat:on of the mobile unit can be .
transmitted to the mobile unit. . . . ‘
18. A system as claimed in Claim 17, including meang for determining the

location of a mobile unit in relation to a geographical overlay comprising a plurality
15 of overlay areas, and means for transmitting information associated with an
‘overlay area which inciudes the location of the mobile unit, whereby a mobile part

within that overlay area receives information associated with that overlay area.

18. A system as claimed in Claim 18, including means for storing a digital
20 representation of the geographical overlay, and _rhéans for modifying the stored
representation Such that the configurations of the overlay areas may be selected to

meet changing requirements.

- 20. - A system éccor_ding to Claim 18 or 19, including means for determining
25 when :a ‘mobile unit enters a predetermined . overlay. area, and means for

transmitting a message to the mobile unit in response to the mobile unit entering -

the predetermined overlay area

21. A system acéor.ding to Claim 18, 19, or 20 . inc;lud_ing means for
30 determining when a mobile unit enters a predetermined overlay area, and means
for transmitting a message, to a user other than ;h_'e said mobile unit, in response

to the said mobile unit entering the predetefmined :overlav area.
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I'f the mobile unit fel ~t-hi he sanme overlay area at the previous
| ocation ~ update, and the nessage associ atg wth_thalvﬁr\/e lay area is

unchanged, t W0 96/07110 ﬁnme m["uu’m[mu[essag S ap - d'r{[ GH95/02065
The frequency at whic are r e e system may
be tallgred %/o the size and ndtufe &f t :."'Qverlay area. For
exanpl e, an “intricate road |ayout may c rl'se a,targe nunber of small
overlay areas, requiring « frequent |ocation updates to ensure that a
user does not XS am sysbiUsdcomiind Yo lclalm s 6 zg,hmggxem][}nbér%d?ﬁ?ﬁé %t\%i’ue
stretc of road w thou
L Pone ey BB S RSl g Sratbedis ek e s v
e o A L 5 U S e
novi ng, ich wi | ! - N
envi rgnrrents may al so be used as a factor in determ ning when the next
‘l'ocation updgt @3shouladsyagem as IHALEH & oSlaims 17 to 22 AtheSHEHR P de AR
there may be circunstances when a satellite positioning system may
unusablf e, hf or gzﬂpﬁtoﬁon ﬁf9£;mlpymrcqslhngtriadip;?ﬁwéasm&e§;enz :c\a/lt;m»denufw-@t
view of the sa k0?3 d%Bp RGOSR t
arrangerrents for |ndent|fy| ng gllr?d up at |I na the '@b?ﬁp 'art s location which
do not - WD 96/ 07110

PCT/ GB95/ 02065 24, A system as claimed in any of clalms 17 to 23, wherein the means for

10 locating position comprises means for identifying the location of the mobile unit in

relation to elements of the fixed part of the communications system.

25. A system as clalmed in claim 24, wherein the mean,s for locating position
comprises means to determlne the approxlmate location of the mobile unit, means
15 to receive a non-umque location signal from the mobile unit, and means to combine
the approximate location information with the non-unigue location inforfnation to

determine a unique location.

- 26. A system as claimed in any of claims 17 to 25, including means for
20 generating and maintaining guidance data based on vehicle movement data derived

from time information and positio_n measurements of a plurality of the mobile parts

27. A system according to any of claims 17 to 26, having means for
transmitting to the mobile part an expected range of movement information, and
25 for receiving from the mobile part movement measurements outside the expected

range.

28. A system according to any of claims 17 to 27, including means for stou_'ing
guidance data, means for updating the stored guidance data, means for identifying
30 mobile units to which the updated data are applicable, and means for transmitting
such data over the communications system to the mobile units so identified.
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18 rely on a satellite receive
to interpol ate bet ween poi nt
one variant y 9676‘)# guation
I n such syste e user iden
on- board system nmeasures

gy be used, either on their own, or
& a satellite systemcan be used. In

gl deﬁi&ﬁ%ﬁ%@%@%ﬁ%ﬁgsed
hi.s ini ion an
measur enents, di stance coyf

V WS novenent e. beari ng
T nd I nert &l navi "mﬁ such as
gyroconpasses and accel erogetef's. Such systens ar'es sCO’FI al ned
but " require know edge _of thg s n i n Thi obtal ned '
exanpl e from §%Sat e FYséerBogﬁtlga mn‘lg‘éng'gsa?/'gt 8 ciahhd 778 2 gyl rlagnbrfpl%r mesns

vari ant, a netcbedblefby ®hahaoperater e mweduwanmmmdmtm :equeslne 10
propagation characteristics of the cellular radio systemused for

conmuni cati on with the central. control station. Exanples of such

systens are disclosed in German Patent speci fi cations DE3825661

(Licentia P t%Bt Verwal ngs_%J and ? (Bosch), Unjted Stat gos
¢ NewAoeb® Uaihf Gk aAVRARAIL IMermAtiop | Sy Riar ComPrsingo o gen

Patent 4210

(Noki @), . and kedeR/inipt Juidbnlce PistétionD fofrAktion SovéP 92/ dairPdnicatsia) liakd sk VO

88/ 01061 (Ventana). By conparison of signal strength or. other
char act eri st i @4idance Jstrygy] aTea3§|qomrapagu6%§é{ the gyidance insgructian informatiopan

be determ nedredeﬂ/eﬁhbé‘er the B6rhAMUBRERHs NG WABRbY OJLIdERE UneHFBEHongBYarD e Made
directly by the fixed system This al | ows the nobil e part of the system
to be embodi egompugicatad torthe ysen by means:of the guidapeeipBHetionMeaNs: nput s bei ng
provi ded bygspeech, or by DTM- tones. 20 generated by the keypad, and
instructions to the user being transmtted by voice comands.

Exanpl es of the kind of navigation information which may be stored in the

dat abase 17 WELll Romggﬁ‘er]@hﬁ(:%?sf‘#\aw%ﬁ% LAbRRGIYNE sidted! BYHhER cﬁﬁg g:gecfﬁs for (

Briefly, I gure ows a junction J having four- approa
21, 22, 23, 24 n@aelbﬂngampamgpn -and time to derive: movement mformathn, means to compare

the movement information with an expected range recewed from a fixed part of
15 the system, and means to automatically report to the fixed system movement

measurements outside the expected range.

32 A method of providing navigatien' information to mobile uhits of a mobile

"20 radio system dependant on the locations of the mobile: units. comprising the stepe
of storing navigetion data in a fixed part, 'transmitting. a request for navigation
guidance from a mobile unit to the fixed part, determining the location of the
moblle unit, generating gundance information on the basis of the stored data,

" location information and the request, and transmlttmg the guldance information

25 from the flxed part to the mobile unit, whereby information relevant to the location

of the moblle unit is transmltted to the mobile unit.

33. A method as claimed in Claim 32, wherein the location of the mobile unit
30 is determlned in relation to a geographlcal overlay comprising a plurahty of overlay
areas, generating mformatlon associated wnth an overlay area which includes the

location of the mobile part, and transmitting the mformaﬂon associated with the
—_ _
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25 associated with'it _an overlay area 21 a, 22a,. 23a, 24a respectively. In

this figure, and almust r@{ggg}g_ma 1Ay uts, the roads
are shown arrg@9g d runn| n - as rEgetor G‘iﬁé{&ﬂ&gﬂ'e
UK, Japan, Austral | a et “’gﬂﬁj —3a road né

surroundi ng the Junctlon *J, ¢cn s A B 'C, and a not orway M

Each of the roads 21, 22, 23, 24 has an assaal at ed destination zone 30 21
z etc. Figure 4 shows a cor‘er ex grade-separated.junction interlinking four

tuctve " over Py AR olsly oo A8 iR RLAERRSEHD'S Kool ALY ol phaley

Fi gure 5a showsarea receivesiinfbrmatign @ssdviates gvith that overaydréd and a si de r oad

30. The mamin road 33 has t wo WO 96/ 07110
PCT/ GB95/ 02065 - > 19
associ at ed over34ay arfearsetiddd a§2lauﬁecgurf elabb 3$ is¢lndihgth¢ atdpi gliseoring, a Idlgitaan

bst t
poen "' ubd vERBRSTARED SOie HpePhlca Seuss and Mol R aiftee HoirSpatiaton
obstructi on. Fl@uhetrﬁt the &drdigBration\odr they ooerigyr IaEéaBgm‘a?nb@Vstlched ab emeetd 0

- 49 superinpos on a cellular 5 radio coverage region conprising five
cells 58 - r5r2 c‘?\angmg fequirements. & g9 g nmp g

35. A method according to Claim 33 or 34, comprising the further steps of
" 10 determining when a mobile unit enters a prédet_ermin_ed_ overlay area, and
transmitting a message to the mobile uni; i.n' response to the rﬁobile unit entering

the predetermined overlay area.
36. A method according to Claim 33, 34, or 35 including the further steps of
15 determining when a mobile unit enters a p'r,edet_ermined _overlay area, and
transmitting a message to.' a user other than the said m_obile unit in résponse to the

mobile unit entering the predetermined overiay area.

37. A method according to claim 35 or 36 including' the .fl..ll’thel' step of
20 modifying a stored value associated with the mobile unit in response to the

message.

38.. A method as claimed in any of claims 32 to 37, wherem the position of
- the mobile unit is identified by a radio location method
39. A method as claimed in Claim 38, wherein the positio'n'df the mobile unit
is determined by means of a satellite navigation system and/or by identifying the
location of the mobile part in relation to e!ements of the fixed part of the
_ communications system.
30 : . :
40. ‘A method according to any of Claims 32 to 39, wherein the fixed unit

interrogates the mobile unit to identify its location.
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In greater detail, the road junction J (Fi'gure 2) has four approach roads
21, 22, 23, ‘%W@alﬂ?am road, approach to the junction, an overlay

ar ea (21a ZAa—)/ggifé‘b i ned. These—oveH—ayL—aPemgm"“

directional informati déisaipcra d with the turn i nstructi ons
or other navigation .‘\A\‘h?’ vrr& o As 10 s3fdwn ﬂ!l,mmmﬂ entire

territory covered by \t he gation system can to four

zones 21z, 23z c ﬁﬁgp [ for
whi ch t he corresponél ng _rbga Qi i éwggmﬂ%ﬁ d E‘%{ thr'ﬁq g8 the
junction approrintae focptiorn ottheanolabeamm @nd rm‘aidelmhé mbée dam eﬁﬂoylds It ®

town A and is,Qn used ) d.

| eads to tovvn'°§a* %/"(')neq"fét )frorr}; grgled@%gagﬁﬁ 4%8%%? %ﬁ%e‘bﬁfz%ﬁ %{ﬁ% lroad
21 leads to thm.omﬁmcmynnmorf wrthahé appdoermate Iocdeslu determived bynthie fiked pattpwn C
and part. of tgwn A Thes g are defined . differently for each '
junction: fbr EB?HHISP%%‘P"}"S %?ai 8 ' different directions are

appropriate for towns A and C so these towns fall in different zones wth

respect - tao_the gverla t. t.hat I.Qn, e zones Iy even be
defined di ffef‘@ntlyAf’B?thE% 2 #"@F iR apy &fic z‘i&"‘ F%a? H yherein the TY’GE Hefh.
For exanpl e, |dentiidsitdBositich t\Pead reckudsg.bl € at the junction J, any traffic
approaching the junction J by road 22 and requiring town D (perhaps as

the result of a previous error, or a change of plan) must be routed by

way of roags 23, M AGREtndE-ackbding {DEnP\RItiaNhs28 220242 hENRERG the AESs BRI Y
three zones: 24z, 23z and.the conbined 21z/22z, corresponding to the 25

three permitt genesatings and maygaining data based on vehjplg meyamentdats derived)&ored
according to GhlCHARLANGES: fndFﬁ’ésrt’i’df'raH:felagurements W‘%”plbmt\marf QBWotaﬂy' Ear;/s o ‘

congested, the best route fromjunction J to to
town B. |n suatd/et evum;toancésfuttzbrlmtl@l&obﬁfaﬁ mblieapem @ggd aedhe guidance t hat .

| towmn C now fa’"lf&#'égl Aol |nsm['# ﬁcﬂ%lrﬂoﬁ?f? a8kt ed however t hat the

total 30 nunber es re er o routes fromthe
rel evant ‘o\éerl ay area. The overlay areas 2la, 22a, 23a, and

24a shoul d bedar g€, %H&HQE atcgordmg to any of claims 32 to 43 wherein the fixed part
transmits to the mobile part an expected range of movement information, and the

mobile part measures location and time to derive movement information, compares

the movement information with the expected range received from the fixed part of

20  the system, and reports to the fixed System movement measurements outside the

expected range.

45, A method as claimed in any of Claims 32 to 44 including the further steps
of the updating the stored data, identifying the mobile units to which the updated -
25 data are applicable, and transmitting such data over the communications system to

said applicable mobile parts.

46. A method as claimed in any of claims 32 to 45, wherein the guidance
information transmitted to the mobile unit controls guidance instruction means
30 forming part of the mobile unit, whereby ‘guidance instructions can be
communicated to the user of the mobile unit.
I
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ensure that any vehicle approaching the junction gets at |east one |ocation
updat e I ithin the relevant overlay area, and is t he
rel evant turwbg%'n% WD 96407110 o p&fl(;ﬁ%?&més
PCT/ GB95/ 02065 _ ' 20

instruction. As shown in Figure 2, these ovéll ay areas are discrete, and
may be consi dered equi valent to the coverage ar eas of the beacons of
the prior art system di.scussed . abov The Y. mad

conti guous, as zs{ 'own |$Faﬁt§jfnsg§sstﬂm'a"y as %5‘: l?ﬁ?ywﬁﬁ r%fere"oce % the a°°°'ﬁf’iﬂ}'r"bg 4
shows a nore codmpalwdngs gr ade-separated junction, in which there . are

twel ve overlay areas. Each road N, E, S, Wintersecting at the junction has
a correspondi ng approach overlay area Na, Ea, Sa, Wa, (WA shown
shaded), and a 48. depaidthew eabsagntialieasNibsciiisbd Wwilh r¥érencd t6 hvmcebapailing
There are al so four _ internedi ate overlay areas Ni, E, Si, W (Si shown
shaded). In thed@M9Sity of the 10 flyover F height (altitude) information
obt ai nabl e from the GPS system can be used to determ ne which | evel, .
and therefore which overlay area, the user is currently in. The
approach and internmedi ate overlay areas each end at a decision point P1 .
to P8. In the database 17 each overlay area has direction information

"J
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associated with it, providing instructions as to which fork to take at the
associ ated 15 decision point. For exanple, the direction i nf]g(ra[lmt on
'

associ at ed witR2 YUY s; i nstructs users for destinations E’lf’“ﬁ‘;ﬁsr oad
N to go straight on at point -P1, and users for destinations served by

roads E, S, and Wto turn left. It will be seen that traffic using the
I ntersection will pass through one appr&ééh overlay area, one departure

overlay area, and may al so
overlay areas. Ther

Ss throzgh one or nore internediate 20 _
' i rmati on associ at eEifgta t he departure
over |l ay ar eas ,GPS, RECEIVER flor exanpl e warni ng bf zards ahead. The
departure over | conti nuous w th approach overl ay areas
for the next junction i h each direction. As a user
approaches the junction on foad S, a location update identjfies 25 the
user equi pment as being wthin overl ay®a € CO- Or =k a

r INTERFACER] W _t
an instruction to turn left at poln

EONTROLLER
i nstruction, he will enter overlay a
‘update he will be sent infaornation L to that overlay arjea (if
any). 30 If the co-ordinates of the user's destination arle withj

t he zone served by oad ,Q'l\h‘e user ‘inoqQuerlay area S ::E ns¥ead/Se
an instruction to gonty gthr qi oph a ' P f]t bgys
this instruction, 'S b E(Hmu-og &J%éﬁdlqﬁé gl-:g(‘)qI\IJEEE MiCRd’

; - .
5~ | -

he
t

Dse
ser obe SEN@GD_ER

user s destination are withjn the zone

>

11 ' )
\******Q*t*********t

’ | WL
. CELLULAR TELEPHONE

. NETWORK 4

et

*

* *
I, *
* *

* * Rk * *k ¥ * *k *k ¥k *k % %k * * * * *

20
y 4

12 14

N 1]

. DTMF - ,
DECODER[ 16~

'INTERFACE
* CONTROLLER

DTMF | I 15
13 ENCODER | et

~ SERVERS

18~ |
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WD 96/ 07110

PCT/ GB95/ 020 : -

For a user Iﬁ@gfgro lali)/ area S| if the co-ordinates of the useP‘Zfbcmsmmﬁ5

destination are within the zone served by road N the user i's sent an .

instruction to go straight on at poi E} P1. On obeying this instruction,

he will enter.the overlay area Nd and . bn the next |ocation updat e he

will be sent information relsevant to that overlay 5 area (if any).

If the co-ordinates of the destination of a user in overlay area Si ‘are in

t he zone served by roads E, S, or W the user will be sent an

instruction to turn left at poi nt Pl$ obeying this instruction, he
m |

will enter overlay areg=\\ 82 information is associ at ed
wi th the other- overlayla By being 10 ve appropriate instructions as
t he user negotiates a succession of junctiio

| (decision points), the
.user-can be directed to any destinatijon. It sh uI d be noted that all
users who are to be directed to the gane

_ omthe junction are gi ven
t he same instruction, whatever their Julti BS'[I nati on.

Figures 5a and 5b illustrate the rec¢nfigdrati |1 the overlay areas to 1
5 - nmeet changi ng.circunstances. InitiallyYFg ga) an overlay area 31 is
defined for t he -a-p-p-r—em'-'—'t'—g—_a:-ﬂu%cti on bet 33 and a
side road 30, and a S conﬂl overllay area 32 is defined for that part of
the major road 33 beyond t he £ junction. Information associated with the
overlay area 31 incl @ks borr—nforimat i on to-—r-n-st-ﬁre-t--wtraa‘l c for the
zone served by the side road 30 to turn off. Infbr 40 “may - al so be
associated wth the overlay area 32. _ ,In urel 5b the mgj or
road 33 has been bl 6TKed at a poi \(.__I_n_’or der(:.a. ______

i i 5

| 22a

{ |

| |

( {

U d

22

i
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acconmodate this, the overlay area 32 has been subdivided into two overl ay
areas . 32 The information (if any) associated with ea
32b is the sgﬁggégnlo that previously associated with overla§¥§Fg%%§§$
Traffic in overlay area 32a is 25 given new information warning it of the
hazard ahead. The information associ ated wth the overlay area 31 is
nodi fied, so that all traffic is now i ns3fucted to turn of f onto the
side road 30. (Effectively tshis neans that the destination zones
associated with the overlay area 31 are nerged i nto one) Fi gure
6 shows how the overlay areas nmay be defined for a road network. 30 In
this exanple there is an overlay area 40, 41, 42, 43, 44, 45, 46, 47, 48,

49 correspondi ng to each side of each section of road. Information
appropriate to each direction of travel on each section is therefore
avai l abl e to users throughout the rel evant section. Superinposed on
this overlay there is a cellular radio network, WO 96/ 07110
PCT/ GB95/ 02065 22 five
cells of which (50, 51, aZQB 54) are shown. The position of the user, as
determ ned for exanple b J atetlite positioning system determ nes which
- overl ay area is appropriate to the user. The information is transmtted
to the service control ' :

N

Na '
_.--P4- [ Ed

SN ON AN NN
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‘centre by neans of the cel lular radio network. Handovers between cel | ul ar
base 5 stagampreecur i n conventional manner at .cell 'boundq;d]ﬁwsjgm§e
' nt '

handovers are, owever, unrelated to the boundaries betwee e overl ay
areas 40 - 49 - Al t hough t'he descri bed enbodi nent relates to the
provi sion of route gui dance infornatiogy ot her | ocality-dependant

I nformati on nay be provided as well, o %nstead, such as information
-about local facilities, toukist attractions, 10 weather forecasts, public
transport infornmation, etc. The term A guidance i nforrmation", as used

nformati on.

CLAI V5 1. A
I-di% i nformg@3 on to one or nore
pons,. the svdiem conprising:

in-this specifi cathg | aces any AZuch
23 -sa.

navi gation i nformation system foy pr
nobi | e users dependent on thei /| oc

i

{

{
.

31 32

l32b

o {33 X
n/ — A ; -

' 52
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5 ‘ means "t‘?{é: sdbyen’ ouEPf |deter m n| ng the.location of a.nobilg,unit
requesting gli dance & n, "7 “means: (18, “15; 14) for. %..
generating inforfation,for guidance of the user of 'the m)bFIéum fnToT
according to the}p esHAFED®R oh pf the mobile unit, “* 7" and®a o
communi cations system (11, 13) fbrltransm tting the gui dance 10

I nformation so g(gnerat'ecrto the nopile unit, characterised in
that the system fambwsemhrw' upgiating vé she guidander iastridiions

mobile unit relating to.a sp i,ed desti 16) for
Gener at i ng. gut HACE SpiTa rieRPb, P UDPIAT IRVanE RavBRee rE qeqies; veat ot
wher eby gui dangq;ehaftmnntdaamddeﬂemm both on the present |ocation and 15
the specified destination of the mobile unit can be transmtted to the

robi le unit. 2. A system as clainmed in daim1, including neans
for deternmimng the A problérfCaticbOmteftid WitHMdith €hd! Pidpobdd f,-@dtahs Q@séribed above
geogr aphi cal overlay conmprising a plurality of overlay areas (30, 31,
32), and neansiSf iattit a'ﬁsﬂ"ffﬁuftng‘”l Htesh it P'E?H'd&sé'é‘?ff‘étt“@d FOIINGS; 1 resROBRR P ay

area (31) whi clorigastidt@thbhurtet ak hﬁﬂreOfvw{hl&ﬂt fRidkeof b dting\RErsE BYoems on
nmobile part within that overlay area (31) receives information associ ated

Wi th that the\alternafive reiges. 'th°U9h3"’ed'°t‘°”A of FRWRHYARCRUITINGERNIPSEIQD REAKS 2,

i ncl udi ng man&e(r@@nvél?rsnrﬁﬁlgrtbrkgo?aﬂin% b tRe ufd@ﬁée?ﬁﬁm%ﬁnam dtheast in
geogr aphi cal overlay, and neans 9) for nnd|P st or ed

r epr esent atliQntheukencon systeme reairrfmgupaﬂeﬁm @ﬁdtqs?eg@ﬁi@m eap dreds fadytopgbe
sel ect ed to MeglFARLNY the BEALRAEEHeScontrol system does not have any information of

vehicle movements from which to predlct future congestion. In any case, if the -
system is in use by a significant fraction of the vehicles, the system will tend to
produce congestion on the diversionary routes. =
15
According to a'first‘ aspect of the im)ention, there is provided a navigation
information system for providing information to a mobile user dependent on the
" location of the mobile user, the system comprising a mobile communications
system having a fixed part and one or more mobile units for communicating with
20 the fixed part, each mobile unit including means for transmitting to the fixed part a
request for guidance information relating to a destination specified by the user of
the mobile unit, and for receiving such guidance information from the fixed part,
and the fixed part including: means for determining the location of a mobile unit
requesting guidance inforrnation, means for generating guidance information
25 according to the present location and specified destination of the mobile unit, and
means for transmitting thé guidance information so generated to the mobile unit,
whereby information dependent on the present location and specified destination

of the mobile unit can be transmitted to the mobile unit.

.30 According to a secdnd aspect of_ the invention, there is provided a
"naviga_tion information system for providing information to one or more mobile
users dependent on their locations, the system comprising: means for determining
the location of a mobile unit requesting guidancé inform_ation relating to a specified
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4. A system acc rIEMCEMENI aS|h|EET2 or 3, including neans (7, 1 6)for
30 determ ni ng when s a predeterntned overlay area Si,

and neans for sage to the-nobile unit :in: response
to the nobile unit pr edet er m-ned overl ay area(Sl)

24 5. A syst eln &g m2* 3, or 4 i ncl udi ng nmeans for .
det'er m ni ng when nDblle un|t enters a predeterm ned overlay area (Si)
,and ‘means f gestinatibh; ' AGRrmEtiord f41S Bhid AR bf (the MiskP & Siked
imobile unit, in response to the sard mobile unit entering the

predet er ni ned Mobie |URjt afeosding to theg presentalogatier rAnd cerncifiedgdessinatien mfather 5

d.ncl udi ng Meagpbiid Sunit,0 a‘ﬁHO"ae BmAiri&ations 9\?32%' 36 GraMshiittihg © thP Py ifarid! T
‘and neans arranged to nodify the stored value in
: . information so generated to the mobile unit, whereby guidance information

5 dependent on the present location and specified destmatlon of the mobile unit can

be transmitted to the mobile unit.

-Accordin-g to a third aspect, there is provided a mobile unit for a
navigation information system, comprising means for identifying the present
10 position of the mobile unit, means for transmitting, over a communications link, a
request for guidance to a specified destinaﬁon, and guidance instruction means
controllable by guidance instruction information received over the communications -
link, whereby guidance instructions be"cween the present location and the specified
location can be communicated to a user by means of the"“.guidanc;e instruction
15 means. ' ‘
According to a fourth aspedt, there is provided a method of providing
navigation guidance information to mobile units of a mobile radio system, the
information being dependent on the locations of the mobile units, the method
comprising the steps of: transmitting, from a mobile unit to the fixed pa'rt, a
20 request for navigation guidance to a specified destination; determining the location
of the mobile unit; generating guidance information on the basis of the location
information, the requested destination, and navigation data stored in the fixed part;
and transmitting the guidance information from the fixed part to the mobile unit;
whereby guidance information relevant to the prese;'n: location and specified

- 25 destination of the mobile unit is transmitted to the mobile unit.

This invention has advantages over both the prior art systems discussed
above. Considerable improvements can be made over the prior on-board navigation
sysfem proposals by putting the intelligence in the fixed part of the system.

30 Firsﬂy, there is no need to distribute maps or updates to subscribers because the
data is held centrally. New roads can be added to the system at the instant they
are opened. Total capital expenditure is minimised since all users share the same

database. Moreover, the computing resources are used more efficiently, because
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'response to the nmessage. 10 7. A systemas claimnmed in any_ of clajms 1
to 6,7 the neans f A he | ocati on of AT I'HET

corrprl sing neans (16, 14, 13 errogate.-a C i 1
means (7) of a co- giﬂﬂlﬂ!\ mttﬂmﬂmtmlt to %gterm ne i t1s ositio
15 8. A system of claffs 1 to 7] eﬁ&F£ #89Tehnd f or
determ ning the | ocalion of the mobile unit conpri se ans_for identi y| ng

t he | ocati on of the m)bl.le uni t |n rel gLAMMSt o eljenents (50 to 54)“

the fixed part of t%‘? ncat ions s 200 8S
claimed in clafms8 gfgéF'ﬂ“f ERHORSYRIEM g“étpé?‘ﬂ?'ﬁﬂ _- ¢ user
.conpri ses nmeadepdndefttoRr thieNecitive: & e wiobié mstCm'éIQ/l&t@ﬁ dobfrrigigi & ensbilet ,
nmeans to receive a _non-uni gue | ocation_signal m the nobile ynit, and
Teane to < ColBhBIa o SUEMORAES & FBR AR SNh Sl MBHe Ve it For
non- uni que 8 0@aihficating mho&mtmm tpartfleggzhninigdiia UAit Gneludpgaimedns #6r -

-10. A system as_ clained i of clains. 1 to 9, including neans for
gener ating andfeRsmisting 4e Jge g {}f‘%’aﬁ%’é 3 &8 et d0/ auidaRes iNfPEnatiohctARting i &

deri ved teQinatibResdeblfel By itAE @G ¥O%hd infdbileBasitl’ 8AEYop reéeidng! sUcR! i tY
of the nobile parts.
guidance information from the fixed part, and the fixed part including:

means for determining the location of a mobile unit requesting guidance
10 information, _
- . means for generating guidance information according to the present
location and specified destination of the mobile unit, and : -
means for transmitting the guidance information so generated to the
mobile unit, = _
15 whereby information dependent on the location and specified destination

of the mobile unit can be transmitted to the mobile unit.

2, A system as claimed in Claim 1, the fixed part including means for
determining the location of the mobile part in relation to a geographical overlay
20 comprising a plurality of overlay areas, and means for transmitting information
associated with an overlay area which includes the location of the mobile part,
whereby a mobile part within that overlay area receives information associated

with that overlay area.

25 3. A system as claimed in Claim 2, including means for storing a digital
representation of the geographical overlay, and means for modifying the stored
representation such that the configurations of the overlay areas may be selected to

meet changing requirements.

30 4. A system according to Claim 2 or 3, including means for determining
when a mobile part enters a predetermined overlay area, and means for
transmitting a message to the mobile part in response to the mobile part entering

the predetermined overlay area.
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30 11. A system according to any of claims 1 to 1Q, fhavrngrﬂéatﬁh‘t(fl

E-rg:{/es-rg?']t i nf orl;rg_:‘:| t lﬂ",,rmn,IIMﬂluwg ?22' | ?.4par1t6) a?c(ra regg?mgg (Df

o]
nobi | e part novenent rtastur énent s out.gi de t he “ex ect‘@de!tgggéi
25 12. A system according to any of clains 1 tio 11, inclu
means for storing gui dance data, neans for updatijpg the stored gw
data, neans fof7i denAinayigation informesichesyatem fort grovidingHi i
.applicable, an . 0 .comuni cati ons
' ssgtemto t he %Eﬁiagéeﬁ;mg%pse%go %]enqem‘?ceag'.oay'%eq%’%m o s'n ‘em as clai ned
in any. of clainms 1 trmedr fonaletergining ube heeatisn of a mobule umt requesting guidance

information relating to a specified destination, _ _
5 means for generating information for guidancé of the user of the mobile
unit according to the present location and specified destination of the mobile unit,
"and a communications system for transmitting the guidance information so
generated to the mobile unit, _
whereby guidance information depehdent on the p‘resent location and

10 specified destination of the mobile unit can be transmitted to the mobile unit.

18. A system _as_claimed in Claim 17, including means for determining the -

location of a mobile unit in relation to a geographical overlay comprising a plurality

of overlay areas, and means for transmitting informatiorf; associated with an
15 overlay area which includes the location of the mobile unit, whereby a mobile part

~ within that overlay area receives information associated with that overlay area.

19. A system as claimed in Claim 18, including means for storing é digital
representation of the geographical overlay, and means for modifying the stored
20 representation such that the configurations of the overlay areas may be selected to

meet changing requirements.

20. A system according to Claim 18 or 19, including means for determining
when a mobile unit enters a predetermined overlay area, and means for
25 transmitting a message to the mobile unit in response to the mobile unit entering

the predetermined overlay area.

21. A system according to Claim 18, 19, or 20 including means for

determining when a mobile unit enters a predetermined overlay area, and means
30 for transmitting a message, to a hser other than the said mobile unit, in response

to the said mobile unit entering the predetermined overlay area.

- e
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“opefabl e by a 0_i nput gui dance i sﬂ?ﬂcbtci%ﬁ’q SHEET
aI tone
|

14. ° A systema | ai red in any preceding claimj donprising a d
%[mlti- t frequ ,ﬂu !mgmer (1?) for 002 erft i ﬁ% EEB?'BW) forgat
or ransm s e units ) system a ai e
In any preceding claim corrpF| stng a dual ?%ne my t =I5 1requency |( DTMF)
decoder (12) for receiving data in DIMF format frpmthe nobile Juni ts.
16. A syst e@Bas clhasystemi as clairhed I, arwphef elaimé & dat28, r iesdngy drtbuit MmEAHE
format relates to e Siti A system
ne Cai med | noRH0lISCEATRY SPuth tagmrﬁﬁguw.saﬁes'"efﬂszﬂqnoffquests ocati ng the
position of the nobile part by radio |ocation ' AnaV|gat|on _
i nformation sgaﬁtem for. g ovi.di ng [ nformath_gn t 0. one or m)re nobi | e users

dependent on the | ofaPBIfsYdt f? h2 NRYEPTIAN [NRation; jystamy ‘é?ﬁ'p”s'"g BGART f¥ ng

a fixed pars, ideatify@ng tisey pieesnt(dobitith) ofagheandbiRgunit, meér@ fon Yraps@REAG, ek aai M
in conbination with one or re mobile units %1 10) for conmuni catl ng

with the fixeSopaMnicatges, lifknia &eqHsst foh QURANREG We§n§pf%f'?§1 fgstnatjog, and

tr ansm tting goidhhce fihsPsbtdAr medink CabRPdIlabRI bYUigHRBAS: | iIRsRidtRh MFofRatin N
0O a

received over the communications link, whereby guidance instructions between the
present location and the specified location can be communicated to a user by

10 means of the guidance instruction means.

31 A mobile unit according. to claim 30, comprising means for measuring the -
location of the mobile unit, and time, to derive movement information, means to
- compare the movement information with an expected range-received from a fixed
15 part of the system, and means to automatically report to the fixed system

movement measurements outside the expected range.

32 A method of providing navigation guidance information to mobile units of a

mobile radio system, the information being dependent on the lqcations of the
20 mobile units, the method comprising the steps of:

- transmitting, from a mobile unit to the fixed part, a request for navigation

guidance to a specified destination;

- determining the location of the mobile unit;

- generating guidance information on the basis of the location information, the
25 requested destination, and navigation data stored in the fixed part; and

- transmitting the guidénée information from the fixed part to the mobile unit;

whereby guidance information relevant to the present location and

specified destination of the mobile unit is transmitted to the mobile unit.

30 33. A method as claimed in Claim 32, wherein the location of the mobile unit
is determined in relation to a geographical overlay comprising a plurality of overiay
areas, generating information associated with an overlay area which includes the

location of the mobile part, and transmitting the information associated with the
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30-destination specified by the user of the m)%i ' gns
*(159,5,6) for £ recei ving such gui dance i nf rﬂ@LN@M@NﬁS{HE elfixed part.
[

26 19. A systemas claimed in claim 18, erein the nobhille part has
“means for identifying its position by dead rlecRdnFEB 1998 | 20. A
systemas claimed in claim18 or 19 when deperldgnt _on claim 11, jthe 5

nmobi | e part conprising neans for neasuging | odation and tine tojderive
novenent i nformati on, neans to conpare the—smovenent jnfornafion with

t he expected rangg,. received froma fixe art of the system and neans
to automatically f@f,‘)Bﬂmfeg YR allows instant §9‘gﬂtgﬁ1°&r|5 ' Pcﬁféﬁgﬁf'%?‘?ents

out si de t he fepaciefallcdR@él, and difiplelth-vehick &ilfin®imt, WE eayitidsNGst Gaprbai m 18 19
or 20, wherein the nobile Egrt
: expenditure in roadside beacons.

A problem encountsred with both the proposed systems dascribed above
§ is that it is difficult for them to provide alternative routings in response to
congestion, either current or future, without the risk of creating worse problems on
the alternative routes. Although predictions of regulacly occurring congestion peaks
are relatively simple to programme into the guidance information, and, at least in
the beacon system, real-time updates on road congestion can also be fed to the
10 programming of the beacons, the control system does not have any information of
vehicle movements from which to predict future congestion. In any case, if the
system is in use by a significant fraction of the vehicles, the system will tend to
produce congestion on the diversionary routes. |
European Patent Application 0379198 discloses a position determination
15 system which generates a displaying of the location of a mobile unit in relation to
its surroundings. However, this provides no information on how to carry out
possibly quite a complex navigational problem in getting to where he wishes to be.
According to one aspect. of the invention, there is- provided a navigation
information system for providing information to one or more mobile users
20 dependent on their locations, the system comp}ising:
means for determining the location of a mobile unit raquesting guidance
information,
means for generating information for guidance of the user of the mobile
unit according to the present location of the mobile unit,
25 and a communications system for transmitting the guidance information so
generated to th2 mobile unit,
characterised in that the system is arranged to receive requests from the
mobile unit relating to a specified destination, and to generate Iguidance
information according to the specified destination,
30 whereby guidance information dependent both on the present location and
the specified destination of the mobile unit can be transmitied 1o the mobile unit.
The mobile units provided for communicating with the fixed part, may

each include means for transmitting to the fixed part a request for guidance .
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ant on claim 15,

location can be communicated to a user by means of the guidance instruction -
10 means, characterised in that the mobile unit has means for generating a request for
guidance related to a specified destination, and for receiving guidanc'e instruction
means according to the present {ocation and the specified destination.
According to a third aspect, there is provided a method of providing
navigation guidance information to mobile units of a mobile radio system, the
15 information being dependent on the locations of the mobile units, the method
comprising the steps of: '
- transmitting, from a mobile unit to the fixed part, a request for navigation
guidance; .
- determining the locat.ion of the mobile unit; .
20 - generating guidance information on the basis of the location information and
navigation data stored in the fixed part; and
- transmitting the guidance information from the fixed part to the mobile unit;
characterised in that the request for navigation information includes a
specified destination, and the guidance information generated is selected according
25 to the location information and the requested destination,
whereby guidance information -relevant to the present location and
specified destination of the mobile unit is transmitted to the mobile unit.
This invention has advantages over both the prior art systems discussed
above. Considerable improvements can be made over the prior on-board navigation
30 system proposals by putting the intelligence in the fixed pari of the system.
Firstly, there is no nzesd to distribute maps or updates to subscribers bzcause the
data is held centrally. New roads can be added to the system 2i the instant thay
are opened. Total capital expenditure is minimised since all usars share the seme

database. Moreover, the computing resources are used more eificiently, because
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1. A navigation information system for providing information to one or more

mobile users dependent on their locations, the system comprising:

means {14, 15, 17) for determining the location of a mobile unit requesting
guidance information,

means {18, 15, 14} for generating information for guidance of the user of
the mobile unit according to the present location of the mobile unit,

and a8 communications system {11, 13} for trensmitting the guidance
information so generated to the mobile unit,

characterised in that the system has means {14, 16} for receiving requests
from the mobile unit relating to a specified destination, and means {14, 16) for
generating guidance information according to the specified destination,

whereby guidance information dependent both on the present location and

the specified destination of the mobile unit can be transmitted to the mobile unit.

2. A system as claimed in Claim 1, including means for determining the
location of a mobile unit in relation to a geographical overlay comprising a plurality
of overlay areas (30, 31, 32), and means for transmitting information associated
with an overlay area {31} which includes the location of the mobile unit, whereby a

mobile part within that overlay area (31) receives information associated with that
overlay area.

3. A system as claimed in Claim 2, including means {17) for storing a digital

. representation of the geographical overlay, and means {19) for modifying the

stored representation such that the configurations of the overlay areas may be
selected 10 meet changing requirements. '

4, A system according to Claim 2 or 3, including means {7, 16)for
determining when a mobile unit enters a-predetermined overlay area Si, and means

for transmitting 2 message to the mobile unit in response to the mobile unit
entering the predetermined overlay a.'ea( S}l

27 gui dance instructions related to the present |ocation can be
communi cated to a user by nmeans of the guidance instruction neans,
characterised in that the nobile unit has nean & ting a
request for gui dance related to a specified REBLAGMENIN™nd \f or
recei ving guidance instruction 5 neans accordihg e presert

and the specified destination. 26. A nobjlg %t Feacp9Bdiin
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-=27. " A mobile unit accord| ng to claim25 or 26, conprising g dual tone

mul ti - frequency (DTMF) encoder (8) forft tlo DTMF signal s
for’ 15 transni gSI on. 28. A mobil e ug ﬁé"ﬁ\b *@QT %ﬂtﬂ | ai m 27,

havi ng neans (6) for converting data refagjing to its popifion into DTMF
format. 20 29. A nmobile unit as clai mgd|i 2 ZIFEEBn V6l 27 or 28,
conprising a dual t one rrulti-frequency (ITMF) decoder {5} for
~receiving data in DTMF format. A'retiod of provi dli ng

navi gati on gui dance information to rm |Ie urtits of _a #le radio

system the information being dependent on the locations of the 25 nobile
units, thed-nmet hBdyeigmpricsicing oHdzimt b aof4: including meensafes getetminiga f rom a

mobi | e unifpd.1) rﬂ%llﬁ dnlX &Y hreé%tgmf?r&)d ol fgﬁgsttsl)f Ofnd meansnf"o\‘I gation

gui dance; termning t ocati on o e unit,;
gener at i NgrPEMBUMT 2 Mensagentnt ¢ yser orher ienbhe iseid ofobilhenit, G sasporseitaf or mat i on

and 30 nayidal | (91 A= L 1 and transmtting
t he qui daﬁtcggé F%e'n‘gﬁlﬁen'ﬁ%r 8 %Qdaftgg' )égérjtapq{egt he nobile unit;
6. A system accotding to claim 4 or 5, incl.uding means {16) to store a value

associated with the maobile unit, and means arranged to modify the stored value in
response to the message.

10 7. A system as claimed in any of claims 1 to 6, the means for determining
the focation of a mobile unit comprising means (16, 14, 13) to interrogate a

location-identifying means {7) of a co-operating mobile unit to determine its
position..

15 8. A system as claimed in any of claims 1 to 7, wherein the means for
determining the location of the mobile unit comprises means for identifying the

location of the mobile unit in relation to elements (50 to 54} of the fixed part of the
communications system.

20 9. A system as claimed in claim 8, wherein the ‘means for determining
location comprises means to determine the approximate location of the mobile unit,
means to receive a non-unique location signal from the mobile_unit, and means to
combine the approximate location information with the non-unique location
information to determine a unique Jocation.

25
10. A system as claimed in any of claims 1 to 9, including means for
generating and rnaintaining guidance data based on vehicle movement data derived

from time information and position measurements of a plurality of the mobile parts,

30 11, A systam according to any of claims 1 to 10, having means {186, 14, 13)
for transmitting to the mobile part an expected range of movement information,

and means (12, 14, 16) for receiving from the mobile part movement
" measurements outside the expected range.
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13. A system as claimed in any of claims 1 to 12, having input means

operable by a human operator to input guidance instruction requests.

10 14. A system as claimed in any preceding claim, comprising a dual tone multi-
frequency (DTMF} encoder (13) for converting data to DTMF format for

transmission to the mobile units

15. A system as claimed in any preceding claim, comprising a dual tone multi-
15 ffequency [DTMF) decoder {12} for receiving data in DTMF format from the mobile
units.

16. A system as claimed in claim 15, wherein the data received in DTMF
format relates to the position of the mobile unit.

20 |
17. A system as claimed in any preceding claim, having means (11} for

locating the position of the mobile part by radio location

18. A navigation information system for providing information to one or more
25 mobile users dependent on the locations of the mobile users, the system
comprising a fixed part, being aMsystem (11-20) according
t0 any preceding claim, in combination with one or more mobile units {1-10) for
communicating with the fixed part, each mobile unit including means (5,8,10,1) for
transmitting to the fixed part a request for guidance information relating to a
30 destination specified by the user of the mobile unit, and means {1,9,5.8) for

receiving such guidance information from the fixed part.
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20. A system as claimed in claim 18 or 19 when dependant on claim 11, the
mobile part comprising means for measuring location and time to derive movement
information, means to compare the movement information with the expected range
received from a fixed part of the system, and means to automatically report to the

fixed system movement measurements outside the expected range.

21. A system according to claim 18 19 or 20, wherein the mobile part
includes guidance instruction means controllable by instructions contained in the
guidance information transmitted from the fixed part over the communications link, -

whereby guidance instructions can be communicated to the user by means of the
guidance instruction means.

22, A system as claimed in claim 18 19 20 or 21 when dependant on claim
15, wherein the mobile part comprises a dual tone multi-frequency (DTMF) encoder

(8) - for converting data to DTMF format for transmission to the fixed part.

23. A system as claimed in claim 22, wherein the mobile unit has means {6)
for converting data relating to its position into DTMF format, and the fixed part has-
means {12,14) for receiving and proCessing said data.

24, A system as claimed in any of claims 18 to 23 when dependant on claim

14, comprising a dual tone multi-frequency (DTMF) decoder {5) for receiving data
in DTMF format from the fixed part.

25, A mobile unit for a navigation information system, comprising means {7)
for identifying the present position of the mobile unit, means {8, 10, 1} for
transmitting, over a communications link {11}, information relating to the present
location of the mobile unit, and guidance instruction means {6} controllzble by

guidance instruction information received over the communications tink, whereby

e eNENT SHEET |
o7 FEB 1B |

DALS Teeermieesaserneeresssrese |




IS

in claim38 wherein the fixed part determ nes the

———

7297 36. A method as clained in any of clains —WTETETTMt he
posi tion of the nobile unit is identified by a rja ﬁﬁ%%(ﬁhﬁtﬂirod.
37.° A nethod as clained in daim36, wherein thg gosition of t obi | e
unit 5 is determ ned by nmeans of a satellite navi getionZQyEEBnpqud of by
I dentifying the | ocation of the nobile part infrglation to el efrepts of
the fixed part of the communi cati ons system 36. A-met hpd
according to any of Clainms 30 to 37, vvhe,bein the fied-part 10 interfogates
the mobile unit to identify its |ocation: 39. A met hod as €l ai ned

approxi mate | ocation

of the nobil e guietge iastchcnbrer elated toethrddedeat [pasionr espon desminonieated to laocat i on
J16 oy WL QPR R RRANR id n&adON- Uni que T ocation signal

request fromt

10

20

25

30

characterised in that the mobile unit has means {8) for generating a request for
guidance related to a specified destination, and for receiving guidance instruction

means according to the present location and the specified destination.

28. A mobile unit according to claim 25, comprising means (7) for measuring the
location of the mobile unit, and time measurement means, to derive movement
information, means to compare the movement information with an expected range
received from a fixed part of the system, and means to automatically report to the

fixed system movement measurements outside the expected range.

27. A mobile unit according to claim 25 or 26, comprising a dual tone multi-

frequency (DTMF) encoder (8) for converting data to DTMF signals for
transmission.

23. A mobile unit as claimed in claim 27, having means (6) for converting data

- relating to its position into DTMF format.

29, A mobile unit as claimed in claim 25, 26, 27 or 28, comprising a dual
tone multi-frequency {DTMF) decoder {5} for receiving data in DTMF format.

30 A method of providing navigation guidance information to mobile units of a
mobile radio system, the information being depéndent on the locations of the
mobile units, the method comprising the steps of:

- transmitting, from a mobile unit (1) to a fixed part {(11-20), 2 request for
navigation guidance;

- determining the location of the mobile unit;

- generating guidance information on the basis of the location information and
navigation data stored in the fixed part; and

- transmitting the guidance information from the fixed part to the mobile unit;
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25 information previ @usécycrucansmd:tmd rE@eEthﬁ)rerbigbﬁorp&ﬂérﬁmation included 2. A
met hod according taq,. %n of cl algs ‘% 1 wherein the flxq Ecgrt .
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31. A method as claimed in Claim 30, wherein the location of the mobile unit
is determined in relation to a geographical overlay (40-49) comprising a plurality of
overlay areas, generating information associated with an overlay area which
10 includes the location of the mobile part, and transmitting the information
associated with the relevant overlay area to the mobile part, whereby a mobile part

within that overlay area receives information associated with that overlay area.

32. A method as claimed in claim 31, including the step of storing a digital
15 representation of the geographical overlay, and modifying the stored representation

such that the configurations of the overlay areas may be selected to meet
changing requirements.

33. A method according to Claim 31 or 32, comprising the further steps of
20 determining when a mobile unit enters a predetermined overlay area (Si}, and

transmitting a message to the mobile unit in response to the mobile unit entering
the predetermined overlay area.

34, A method according to Claim 31, 32, or 33 including the further steps of
25 determining when a mobile unit enters a predetermined overlay area, and
transmitting a message to a user other than the said mobile unit in response to the

mobile unit entering the predetermined overlay area.

35. A method according to claim 33 or 34 including the further step of

30 modifying a stored vezlue associated with the mobile unit in response to the

message.
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information transmtted to the nobile uni ,gcontrol s gyi S=t1rStTuUTTT of
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45. A method 8. cl d methodrascaigimed incarui ateslab0s B0 (@85, wierelsi the gositiemst part
of the co i L QR; ) xed parts is by neans of
dual tone ”“nb&fétrﬁ&%l %H:E‘%Eé/}ﬁ%t‘%k};?rﬁﬂ%éatormgth% P y

requency nal s 15 46. A system as
clainmed in claim45, wherein the information relating to the posi tion

of the nobile u%iﬂ i SA He%%rgst&med ) &Jmﬁt Wh%‘n‘ the position of the mobile unit
' '5 is determined by means of a saizllite navigation system and/or by identifying the

location of the mobile part in relation to elements of the fixed part of the
communications system,

38. A method according to any of Claims 30 to 37, wherein the fixed part
10 interrogates the mobile unit to identify its location.

39. A method as claimed in claim 38 wherein the fixed part determines the
approximate location of the mobile part, and wherein the mobile part responds to a
location request from the interrogation means with a non-unique location signal

15 which, in combination with the approximate location determined by the fixed part,
determines a unique location,

40. A method as claimed in any of claims 30 to 39, wherein the mobile unit
identifies its position by dead reckoning.
20"
41, A method according to any of Claims 30 to 40, including the steps of
generating and maintaining data based on vehicle movement data derived from
time information and position measurements of a plurality of the mobile parts-’
and/or estimations of future locations of the mobile parts based on the guidance
25 information previously transmitted to the mobile parts.

42. A method according to any of claims 30 to 41 wherein the fixed part
transmits to the mobile part an expected range of movement information, and the
mobile part measures location and time to derive movement information, compares
30 the movement information with the expected range received from the fixed part of

the system, and reporis to the fixed systern movement measurements outside the
~ expected range.
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43. A method as claimed in any of Claims 30 to 42 ingluding.the.fusther-steps—
of the updating the stored data, identifying the mctile units to which the updated

cata are applicable, and transmitting such data over the communications system to
said applicable mobile parts. '

44, A method as claimed in any of clzims 30 to 43, wherein the guidance

information transmitted to the mobile unit controls guidance instruction means (9)

forming part of the mobile unit, whereby guidance instructions can be
communicated to the user of the mobile unit.

45, A method as claimed in any of claims 30 to 44, wherein at least part of

the communication between the mobile and fixed parts is by means of dual tone
multi-frequency {DTMF) signals.

46, A system as claimed in claim 45, wherein the information relating to the

position of the mobile unit is transmitted in DTMF format,
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