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POSITIONING SYSTEMS UTILIZING MOBILE TELEPHONE SYSTEH
- . FOR CORRECTION SIGNALS

"FIELD OF THE INVENTION

The present 1nventzon relates to improvements in glcbal

positioning systems and, more partzcularly, to systems
which can report a comb:nation of location and
'identification information to an external source.
BACKGROUND ART

A number'of promising technologies have emerged in the -

communications domain in recent years. The technologies

_incluﬁe nEVigetion-with the aid of satellites and the

conversion of mobile radio s?stems to mobile telephone

systems. trunked radio and personal communications systems.

_The challenge is to make these technolog;es available in

' useable form.

These new systems themselves take a number of forms.
Por example there exlsts a geographically wide spread

cellular network (for example, in Australia, there exists

‘thé Mobilenet (TM Telecom) administered by Telecom

Australia). This network will hereafter be referred to as

the cellelar mobile telephone communication network.

' Another of the new-forme of mobile telephone is the -
trunked radio system which, in principle, operates along
much the same lines as the cellular mobilé telephone
communication network to ehe egtent that‘it comprises a
series of nadio transmitter/receiver stations distributed
over a geographical area and interlinkee.in a menner

whereby vehicle mounted or cotherwise transportable
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.-corresponding radio transmitter/receider-uoitS'cen

communlcate with [usually) the closest one of- the
dJStributed transmitter/receiver stations. All of the
geographically distributed transmitter/receiver stations"

are interlinked 80 that communicat;ons across the networL

- are effectively unif;ed. _.The trunked radio system is

utilised typically for specialised communication networks.

such as taxXxi compunication networits or courier

'communication'networks, Messages required to be sent over

the trunked radic network are typically much shorter than

those required to be sent over the cellular moblle

.telephone communjcation network and the trunked radio

'syetem is usuall§'aloo tailcred so_tﬁat the cost of

communication is less than for the cellular mobile

“.telephone ccmmun;cation network

Yet another form of the mobile telephone system is a

.'personal -.communication system wherein the geographically

distributed transmitter/receiver stations have only a

-limited'range and for a mobile mounted or otherwise

transportable transamitter/receiver to communicate with
these stations requires that the transportable.
transpitter/receiver be within a specified distance of one
of the distributed transmitter/receiver stations. These
localised communhication systems are frequently used in
densely populated areas ond require users to approach
within a specified distance of easily identifiable

transmitter/receiver stations before communication on the

perscnal communication system can take place.
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DISCLOSURE OF THE THE INVENTION

Throughoue the specificatlon a reference to a “mobile

- telephone system" is a reference to any one of these

systemsirhat is the'term “mobile telephone system“ embrecee .
the cellular mobile telephone communication network, a
trunked radio systen and The personal communication systen
arrangements. -

Acceedingly..in one broad form of the 1eventien. there
is provided a system for tracking the location of eehicles,
and the like, said system comprising local positioning

information supply means which corrects positioning

information received from satellites so as to produce a

loeal:positieeing~informaéioe.signal: said system further
comprieing mobile telepﬁone system which transmits said
local positienzng informat;on szgnal to said vehicles and ..
the llke.". o

Prefereb1§ eaid mobile telephone system additionally
coatributes informatien to said systee.
| ~Preferabiy-said local positioniﬁg information signal is
transmitted as part of a controi layer signal or messaging
signal on said mobile telephone system for reception by 3
mobile telephone receiver which further inc;udes'
differeutial g;obal poeitianing means whereby a_physical

location in three dimensions of said receiver is cobtained.

hny such control layer or messaging signal will be

hereinafter referred to as the "special signalling lavyer”.
Preferably said positioning information fogether with

identity information is transmitted from said mobile
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. telephone receiver back over said special signa ling leyer
- ;to database .means whereby position. identlty and other
derived 1nformat1on for a plurality of liLe mobile

receivers can be nonitored at a remote location.

In a further broad form of the invention -there is

B pro;ided a mobile telephone system transmitter/receiver

_includihg global position calculating means.

Preferably said global position calculating means is

adapted to utilise a differential GPS correction siénal

whereby relatively accurate position information can be

' derived by said global posifion.calculeting means.

Preferably said differentlal GPS correction signal is

rransmitted on a special_signalling layexr of a

commnnications path provided by a mobile telephone system

--;of which said- mobile telephone sysrem transmitter/receiver o

'. In a further broad form of the.invention there is
provided a global positioning eystem wherein receiving

stations are adapted to receive raw posi*ioning information

" and thereby calculate a position for said reoeivzng

stations. saigd system further including base stations

'adapted to receive data comprising said position and

wherein said data is transmitted over a coamunications path
of a mobile telephone systemn.

Preferably said data is transmitted over a special.
signalling layer of said communications path. |

In one particular preferred form said mobile ;elephone

system comprises the cellular network system described
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'ain'on'altérnative particular form séié?moﬁile teleohdnéﬂ.

éystem comprises the trunked radlo system descr;bed above-

In yet a further part;cular preferred forn said mobile

_ telephone systeu compr;ses the personal commun;catlons

systen descr;bed above.

Preferably additional data is supplied over said

communications path to said receiving stations, said

additional information comprising local positioning
inﬁornation: said local positioning information allowing

said reoeiving stations to calculate a corrected position -

. based on said local positioning 1nformat1on.

Preferably said receiving stations, on. request from

said base_stations. calculatg and transmit only said

:.positiOn to said base stat;ons.;
' In an alternat;ve preferred form, on request ‘from sa;d

' base stations, said receiving stations, calculate and

transmit said corrected position.

In a particular preferred form said data'additionallf'
ino;udes satellite identification data comprising the
identity of satellites from which saio receiving. stations

have recejived said raw positioning informotion.

BRIEF DESCRIPTION OF THE DRAWINGS

Bmbodiments of the invention will now be described with
reference to the accompanying drawings wherein:-
Pig. 2 is a diagram of a basic global positioning

systen,

- 'l-.'.' )
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‘Fig. 2.
Fig. 3
Fig. 4
Fig. S
Fig. 6
Fig. 7
Fig. 8

is a'diagram,of.é.basiq“mobi;é telephonei;.'w‘:

‘network;

is a diagram of a first epbodiment of the

present invention incorporated within a

cellular mobile telephone communication

network,

.illustrates an arrangement of correctiocn .

signal generating stations for a

differential globzal positioning éystem for

use in conjunction with a second embodiment

of the present invention incorporated

.within the celiular network of Fig. 3,

is'a block diagram of the cémunic:;tions" .
interconnection protococl between a m&b@le .'
._stat;én'aqd:a.ba;ejsysteﬁﬁsgétipn éccord;ng P

" to the second embodimgnt'of the invention,

is a block diagram of a particular manner
of usage of the mobile station and base

system station of Fig. §,

is a block diégram of a third embodiment of -

the present invention incorporated within a

trunked radioc system, and .

'is a timing diagram for the system of Fig.

7.

MODES FOR CARRYING QUT THE INVENTION

'By way of reference, Fig. 1 illustrates the basic

method of operation of a differential global positioning

system which utilises information from satellites :1. With

Bpapass



;thzs arzangemen\ a portable d;fferentlal global posaxzon;ngg“-

'.dev;ce 12 is adapted to rece;ve signals from typ;cally fouf"

satellites 11 ‘and, from th;s information, calculate its

position in three dimensions to the order of 100 metres.

With the.help of a correction

signal 13uproviéed from a

land based cérrection station 14 the differential global

positioning device .12 .can establish its position in three

dimensions to the order of one metre. Currently such

systems rély predominantly on

“the correction signal 13 from

radioc transmission to relay

the correction station 14 to

the nobile differential global posit;on;ng dev;ce 12.

Fig. 2 is a conceptual illustration of a portion of a

moblle telebhone'system showing two adjacent cells 15, 16a

and a car 17 equipped with a mobile phone 18 passing

between those two cells 15, 16..'A radio based

WO way commun:cat;on between

the public switched telephone

.particulafly the mebile phone

communjcations to continue as

from cell 15 to cell 16. The:

call from one cell to another

appropriate control equipment

ccmnun;cat;ons svstem 1nclud1ng base stations 19, 20 allowg

the mobile telephone 18 and

network 2i. More

‘system allows such two wWay

the mobile phone 18 passes
transferlaf the telephone .
is accomplished by

located in base stations 19, .

20 and relies upon a radio based communications system

incorporating a communications path 22 which is split ints

at least a signal layer 23 and a control layer. The

special signalling layer 24 includes the control layer

which transmits information to do with the administration



- of the telephone call being conducted -on, mob;le phone 13

'-;ncluding ‘such- things as. the zdentity of the moblle

telephone together with necessary-znformatlon which alloﬁs

transfer of comnunzcation in respect of the mobile phone 18

"from cell 15 to cell 16.. The’ epecial s;gnall;ng 1ayer 24 - .

can be unmetered and ‘continuous. The communications path
22 eleo includes a signal layer 23 which transmits the
information which a user of the telephone s?sten desires to

pass to an end user froo the mobile telephone 18. This

information is metered ;n'normal circumstances.

The mobile telephone system illustrated in Fig. 2
allows comnunications between any two mob;le telephones
such

as telephone 18. It also allows commnnication between a

;'nobile telephone 18 and land based users of the- publ;c :’

sw;tched telephone network 21.

The special signalling layer can reside entirely within .

the control layer or can be interleaved across the control

layer and the signal layer.
Fig. 3 illustrates a first embodiment of the present

invention comprisihg'a nultipurpose_mobi;e communications

. @evice 25 which includes a mobile telephone portion 26 and

a differential global positioning device 27.

Ip'the arrangement illustrated in Pig. 3 correction
signal 13 is maoe available on specizl signalliog iayer 24
for reception by the differential GPS portion 27 of

communications device 25. With this iaformation. and as

described with reference toc Fig. 1 the differential GPS



. portion .27 can calculate a,relativgly acpg;a;é.pési;iOQ in .

:“thgée_diménsiops,fér;thé communications device 25. 'Tnig'.L

information together with identity infqrhation of tﬁg
-cémhﬁniéaiioné device 25 is returned to the ééec;a;'
éigﬁélling_léyer 24'for,transﬁission via the puﬁlic
switéhed telephone network or dedicated'line 21 to an
info;mation user location 28. |

It will be noted with this arraﬁgehent that at least
identity and position information c¢an be passed between
communicétionsxdévice 25 and an information user location
28 by.utilising preexisting communications channels .

av;ilablé on a modbile telephone system of the type

1llustrated in raspect. of Fig. 2.

‘Fig. 4 illustrates a geographical layout of proposed

. Ausnav base stations 30...As illustrated in .the inset, each

of fhese Ausnav base stations 30 can receivé'global
positioning information-frop satellites 11, each Ausnav
base statipn 30
is at a known.physical location in three dimensions aﬁd
uses this information to produce correction siénal 13 for
reception by a.mobile differential global pqsitioning
device 12. Other similar base stations 30 could be
supplied by other providers_of differentiél correction
information. _

The differeﬁtial GPS device 12 calculates its position

as follows:

1. Using a data base of orbital coefficients (the
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' almanac), the set of currently Visible:satellites . &

-

"is determined.’
2. Using the .almanac, a'set of four satellites is
selected based on a ggometric'critenion.
3. - The ¥e§eivér_is synchronised to the signals from .-
. the-selectgd satellites and.the precise satellite
position is ccmpufed. .
4. The time of receipt of the signal fronm eéch
satellite is measured and the time of
;ransﬁission is extraétéd from the message to
give time;oé-flight and hence satellite-to-
‘receiver distance or “pseudorange”.
5. " The ré&eiﬁer'positibn is then éomputed by
“ttiangulafion“.

-_E;Figs;:s'ang 5'i;;ustfate-hoq'thezdiffereﬁtia}lgidéél-

" positioning arrangement of Fig. 4 is'incérporated into a

mobile telephone syétem.
With reference to Fig. 5 a physical radio link 31 is
established between a mobile multipurpose communications

device 25 and at least one of a plurality of base stations

-32. .The physical radio 1link 21 allows data such as

Jdentity.

and position information to be transmitted between the

‘communications device 25 and the base station 32.

In addition there is at least one special signalling
layer 33 for supervisory functions between the

communications device 25 and the base station 32.

These layers are superimposed upon the special
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"'signalling.layer 24 and the eigpal»laye;fzgfceo_bei::i;ﬂ':

J'suﬁefimgcsed cd-and'transmitted,by}the,communications paéh':'.

22 of the mobile telephone network (refer Fig. 2). In'a
particular péeferred form conversation information and the
iike is passed along the signal layer 23. (and. is tperefore
metered) whilst the,correction-signal 13{ the resultiog
location signal. generated by fhe'communications device 2§
anclidentitf information is passed on special signalling .

layer 24 (which is not normally metered and which may be

operational irrespective of whether the signal layer 223 is .

.operational}

Fig. 6 illustrates the. result;ng superimposed system

. which has the following attributes:

- A network. of mobile communication.devices 25 is
interconnected with the public switched telephone netwcrL
as 111ustra;ed. -Each mobile telephone communications
device 25 inclqdes a mobile telephone'portion 26 and a
differential GPS port i-on 27 (refer Fig. 3).

. An Ausnav cr similar correction signal 13 is
transpitted to a mobile switching centre 34 :or
transmission over control layer 24,o§ comnuhicaticns path .
22 to base stations 32 and from there to the mobile |
communications devices 25. With this information and with
ldentity information the mobile conmunications oevices 25
can periodically report their position in three dimensions
and their identity back via special signalling layer 24 of
communications path 22 and from there, via the’ public

switched telephone network 21 to an -operational station

R
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isﬁchpés{'fo;iexagble, a fleet Qaﬁagement statioh_which-can g
"thereby monitof location and pfogréss pf:thg mobile - |
commnnicatians devices 25 in reél.fime.

There_arg three méjor modes of operation for the systen
of Fig. 6. In a first mocde a requesf.is made.by an
operétional station for one or more mbbile communications
devices 25 to send immediately over communications pathlzz
ﬁncorrected position information. . The second mode of
cpe:atioh is similar to the first mode except that a
request l1s made to send uncorrected pésition'information
together.with-satellite numbers or other 1denfification of
the satellites which are used by the mobile communications
device 2§ to.calcﬁlate fhe,uncorre;ted position
information. . In a third mode of operation a request is
:'-?ade'for'coéfected Position‘ﬁﬁférmation. -Iﬂ-thiﬁ case the .
DGPé portioﬁ'ZT caiculates a corrected position and the
‘mobile comnunications éevice 25 causes the corrected.

' position information and identification information to be
senf back to the reguesting operation station.

HWith reference to Fig. i a Trunked radio system
embodiment of. the invegtiqnzis-illusgratéQ in bléck diagram

form. A trunked radic system includes at least one (but
.typically, in practice, a plurality) dbase station 35.in.
communication with at least one mobile station 36 over a
radio control channel 37. This “control” channel
corresponds to the “special signalling layer" 24 to which
reference has been made earlier in the specificaticen.

The mobile station 36 is in communication via control



:1channel 37 and a base- station 35 wzth some form of
centralised. communications: control system wherezn nessageo
received from mobile station 36 can. be routed to a cont;ol o
centre, to other mobile stationa or the PSTN 21 and,
nconversely. messages can be sent from other mobile stations.
. or a control centre to the mobile station 36. In this’
' particular examﬁle base station 55 is 1n comnnnicatioo with
a control computer 38 via interface 1ine 39. Dependiﬁg on’
the. 1mplementation line 39 ‘can be a direct dedicated link
between base station 35 anc.control computer 38 and/or may
pocs through othcrlpuhlic or private commhnicotion
networks, or from another trunked radio. .

'EAccordﬁﬁé.to this third embodiment of the . invention the .
y trunked-radio'system 15 hodified:by integratioo with a-
'f;dlfferential GPS navigation systems as follows'-

moblile station 36 Jncludes a DGPS receiver 40

.(corresponding to DGPS device. 12 described earl;er ‘in the
specificationi which_uti;ises information received direct
from satellite 11 together with correction information.to
provido”inforuation corresponding to the position of the
DGPS 40. The correction information is derived from a’
dedicated channel 41 of the trunked radio system |
(corresponding to part.of the “special signalling laﬁer“ ?4
.described earlier in this spec;fication)._ Prefcrably the
dedicated channel 41 bears a fixed relationship to control
channel 37 such that once mobile station 36 has locked onto
' control channel 37 it can automatically locate ana

comnunicate with dedicated channel 41. Alternatively. the



_14_

locatzcn of the ded;cated channel may be communicated with T
_jthe locaticn request. The correction signal is T ik B
Ccmmuﬁicated to dedicated channel 41 by base staticn.ﬁs
. which, 1n turn, receives the correctlcn signal from control
. computer 38 via modem communication over the public:
switched telephcce network 42'(refer Fig. 7) or through a
~ dedicated interface line such as 39.

A switching arrangement 43 allows ncbile'staticn 86 to
switch between control channel 37 anc dedicated channel 41
and also between receive and transmit aodes of operat;on.
This arrangement would typ;cally'be built into the trunked
radio and controlled by signals cver-;he channels 37 and
a1, | - |
In:usc, for example as:part of a vchicle.fleet, a fleet
cméﬁagcf'44fcabicgjaccéss-go"ccctfol-ccmcutér 38:canﬁlcdgéiéf:5'
'reqﬁést for lccaticc cﬁ a particular mcbiie station 38. |
The_pclling request is pasaedivia interface line 39 to basé.
station 35 and thence to control channel 37 for reception
by mobile station 36. -0On receipt of thc “request position”
signal on channel 37 mobile staticn 36 will acknowledge the
" reguest via control channel 37 and than switch to the
dedicated channel 41 so as to receive ‘a correction signal.
Rhen this has been received correctly ;he mobile station
(incorporating DGPS receiver 40) calcﬁlates.its position
and returns this on dedicated channel 41 together with .
identity information. This information is passed to
control computer 38 for on forwarding to flect manager 44.

Fig. & provides additional detail on the methodology
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.';addfsignallih§*9f-a position'reguest.bgsé;ngfbéfyeén base -
station 35 and mobile statien 36. . . |

In normal operation a moblle sta:;oh 36, on switching
on, will search for control channel 37. If the dedicated
channel 41 can be-related to the control channel 37 {for
example the next adjacent channel) then the mobile station
36 will automatically know where to look for the DGPé error
correction data. If this is not possible theh'a second
search will have to be m#de for the dedicated channe1‘41
which carries. the DGPS correction information. In one
pértiéular.form the tranémitted infofmaticn will contain a .
.biglpatte;n w%;gh can be uniquely recognised és pgiﬁg tpe
.ideﬁtity of théldedicated'channell4i; Thié”p:oceduré will
,have_to bé.reﬁeated each time moblle station 36 ;éa
“f;t}éhsferfed-fé a.new’péée"séatiéh”35.;in”;ﬁo;hgr'fofﬁ, the
_identity of the dedicated channel can be communicated v"i_'a
the control channel 39. . .

Once having located both control channel 37 and
dedicéted channe; 41 the mobile station 36 scans both
channels listening for polling reguests on control channel
37 and for DGPS error data on dedicated channel 41. The
ratio of time spent on each channel can be related to the
importance of the control information compared to the DGPS
error_information'énd, in a preférred form, can be
progrannablg by the user. 1In ;his eXanmple two seconds is
allocated to the dedicated channel 41 and eig%t seconds to
the contiol channel 37.

When mobile station 36 receives a call on control
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';z :channel 37 it performs normally, which is to say it passes_'.;'

Jnformatlon communlcated by users between the mobile-.
station 36 and the currently attached oase etatlon 35 oyer'
control-channel 37. However, when-a fequest'to send ;
iocation.informetion is received then location and identity
information is sent by_mobile station 36 as described ebove"'
affer which the mobile station 36 reverés to normal i
operation.

INDUSTRIAL APPLICABILITY

* The invention'is particularly applioable for vehiole
fleet control and the like where it is desired to know on a
. regular basis the geographlcal locatzon -of. nembers of the
fleet. ' . '

The above describes only some embodinents of the
present invention and nodit;cat;ons obvious to those
skilled in the art can be made thereto wzthout depart;ng

from the scope-and spirit of the present 1nvention.
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':éﬁl. A system fcr tracLing the- locatlon of vehiclee and the
) like, said system compr:sing local positionlng ;nformation '.‘
supply means which corrects pos;tioning 1nformation .
g received from satellites so as to produce a local
positionzng information signal; sa;d system further
comprising a mobile telephone system which transmits said
'localfpositioning information signal to said vehicles and
the like. '
- 2. The eystem of claim 1 wherein said mobile telephone }__
'system addit;onally contr;butes information to said system.
3. The system of claim 2 wherein said local positioning

o znformatlon signal is transmitted -as part of a control

3-a layer s:gnal or messaging signal on said mobile telephone

”fﬁjisystem for; reception by a mobile telephone receiver whlch ’tﬁﬁé}
2ﬁfurther includes d;fferential global poeit;onzng means . K
"whereby a physical location in three dlmenszons of sa;d

receiver is obtained. |

."Thé:system ofﬂslaim 3 wherein said positlonlng

1nformation together with 1dent1ty 1nformat;on is

transmitted from said mobile telephone receiver back over -
'Jlsald spec;al signalllng layer to database means whereby

position, identity and other derived information for a

plurality of like mobile receivers can be monitored at a

remote -location_. .

5. & mobile telephone system transmitter/receiver

incliuding global position calculafing means.

€. The system of claim $5 wherein said global position
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calculating means is adapted to utilise 2 differential GPS

.""'correction szgnal whereby rela*ively accurate positicn

information can be derived by said global position
calculating means.

'1. The system of.clain 6 wherein said-differential GPS

. correction signal is transmitted on a special signalling
layer of a communications path provided by a mobile
telephone systen of which said mobile telephcne system

- transmitter/receiver forms a part.

'8.' A global pos;tioning sye.en wherein receiving stations
are adapted to receive raw pcsitioning information and

" thereby calculate a position for said receiving stations;
aai&'system'further including base stations‘adapted to

fis transmitted over a communications path of a,mobile

B telephone system.-"

9.' The system of claim 8 wherein said communications path

includes at least a signal layer and a control layer.

e e e i

receive data comprising said p051tion and wherein eaid data"

10 The system of claim 9 wherein sald data is transmitted .

over a special signalling layer of said.. communications
path. _

11. The s&stem of claim 10 wherein saild special signalling
layer is interleaved across said signal layer and said
control layer. |

12, The system of claim 8 wherein said mcbile
telephone system comprises a cellular network.

13. The system of claim 8 wherein said mobile telephone-

syster comprises a trunked radic system.
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E .-f14. The system of claim 8 wherein sald mobile telephone

f:fgggsystem compr;ses a perscnal communications system.
. ﬁ!?ls .The. system of claim 10 wherein additional data is
..supplied over said communications path to saild receiving
statioos; said additionol data comprisiﬁg local positioning.
-linformation: said local positioning information allowing
,said_receiving stations to calculate a correcte&.position
based on sa;d.local positioning information.
"16;'The'sys£em of claim 15 wherein said receiving stations,
?'onifoquest ffoo;said base stations, calculate and transmit
'onl§ éoid position to said base statidns.
1f; The system of claim'ls.wherein, ocn regquest from saild
c'baseﬂétatioﬁs, said receiviné stations;.calculate and

“transmit sazd corrected position.

"gis The system of clazm 15 wherain said data additionally
includes satoll;te identi‘ication data compris;ng “the
identlty of satellites from which said receiving stations

have received said raw positioning information.




