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This invention relates to automatic vehicle location systems
of the type which may be used, for example, to monitor the
locations of each of a plurality of mobile units such as a
fleet of vehicles. ' '

A wide renge'of different basic techniques exist for automatic

~vehicle location. These include satellite based location
systems such as, for example, the Omega system; and also
systems which use local radio beacons. A mobile unit
operating in -one of these systems monitors bhase differences _

" in ‘signals received from different satellites and uses theee
to derive the current position of the mobile unit. Typ}cally
a positional accuracy of approximately 100 metres may be
obtained for a single derivation of position.

In a system comprising a central controller and a fileet of
mobiie units the positional’infbrmation for each unit is -
requifed at the coﬁtroller so that decisions relating to a
mobile unit may be made, e.g. job allocation for taxis. In
existing systems the information is transmitted to the
controller by polling each mobile unit in the system for its
position at regular intervals. In current systems the most
frequent polling interval possiﬁle is generally fixed and is
often as infrequent as once every 50 seconds, i.e. each mobile
unit derives its position and transmits this information to
the controller every 50 seconds.

Using such a polling system introduces an error in the data
available at-the controller and this error'will vary with time
elapsed since the last polliné of a mobile unit for an-update
of its positioﬁal data. For example, a vehicle cruising at
120 kilometres per hour will travel 1666 metres in'SO seconds.
Thus the .average positional error at the controller will be
slightly over B00 metres.. Even if a vehicle is stuck in



obtai ned for a single derivation of'position. In a system conprising a
central controller and a fleet of nobile units the positional information
for each unit i SrhisESﬂb&H&(Bea{REii&dcont roller so that decisions relating to a

nolsite unit may b b allocation for taxis. In existing systens
the information i :
unit .in the syste I on ar?régular Intervals. In current

o the controller by polling each nobile
sysfens the nost frequent polling interval possible is generally fixed and
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derives its position and transmts this information to the controller every
50 seconds. Using SQcreerngs| thusghawisgctn aNeraasupesitdpnal esron pvendhgadb

second period of 173.5 metres. This error is, of course, in

addition to the error in the originally derived position of
the vehicle. Systems which have errors of this magnitude are
not able to make best use of mobile units when allocating them
to particular jobs.
[

Another disadvantage of.systems which poll mobile units for
their positions on a periodic basis is the amount of radio
data communications traffic generated. This traffic can
easily occupy most of the tfansmission time on a single radio
channel and thus, if a significant number of vehicles are to
receive data from the controllér, more than one radio channel
is required. Using current technology a single mobile radio
channel might normally support approximately 100 vehicles
without any vehicle location system in operation. A further
two radio channels might very well be needed to carry the
positional updating information from a vehicle location system
provided in each mobile units if regular updates were to be
produced once every 50 seconds.

‘Preferred embodiments of the present invention provide a
system for automatic vehicle location which greatly increases
the accuracy of positional information available b§
significantly reducing the errors in positional information
which are inherent in a conventional polled vehicle location
system. At the same time the amount of radio data
communications traffic is significantly reduced.

This is achieved'by providing hbth at the controller and at
each mobile unit a predictive coder reséonsive to a position
signal derived at the vehicle and to the vehié;e's velocity
{speed and direction) at the time that position signal was
derived to derive a predicted position for the mobile unit.
Thus the controller and each mobile unit have a predicted



avail able at the controller and this error will vary with tinme elapsed
sincé the Ias%—pﬁkfrng of a nobile unit for an update of its positional

data. For exa etl¥ Ee%' lgcwl sing at 120 kil onetres per hour will
travel 1666 net Thus the average positional error at the
controller wll 800 nmetres. Even if a vehicle is stuck in
2 traffig at 25 hour ity |l travel 347 netres in 50 seconds

thu§ havi ng an average p05|t|ona] error over the 50 second period of 173.5
netres. This error iscreft goitssh sighal available to them.

At each mobile unit the predicted position signal derived hf
the predictive coder is compared with an actual position
signal derived from the vehicle location unit. If the
difference between the actual pos1t10n signal and the
predicted position signal exceeds a predetermlned 11m1t then
the latest actual position signal and velocity are transmitted
to the cOntroller‘and used as a new seed input for the '

" predictive coder. At the same time this latest actual
position signal and velocitylare also used és a new seed input
to the predictive coder at the mobile unit.

The invention is defined in.its various aspects in the
appendéd claims to which reference should now be made.

An embodiment of the invention will now be described in
detail, by way of example, with reference to the single figure
which shows a block diagram of circuitry provided at the
controller and at a mobile unit.

In the figure a controller 2 is shown which comprises a
'transmitter/receiver 4 coupled to an antenna 6. The
transmitter/receiver is coupled to a microprocessor 8.

Signals for mobile units are generated by the microprocessor 8
and are sent to the uhits'by the transmitter/receiver 4 and
the antenna 6. Signals from the mobile units are received, by
the antenna 6 and the transmltter/recelver 4 'and are then
supplied to the microprocessor 8.

The microprocessor 8 is also coupled to a predictive coder 10.
This receives a posifion and a velocity éiénal from the
microprocessor and, using these, and a linear prediction
technique supplies repeatedly updated predicted position
.signals to the microprocessor based on the originally supplied
position and velocity signals and time elapsed since a mobile



addition to t+he—er+or in-the-originally derived position of the vehicle.
Systens ‘which have errors of this nmagnitude are not able to nake .best use

of nobile uni tiis g themto particular jobs. Another
di sallvant age of poII nobile units for their positions on a
periodi c basis radi o da&a communi cations traffic

generated This traffic can eaS|Iy occupy nost of the transm ssion tinme on
a single radio channel and thus, if a significant nunber of vehlcles are to

receive data fromt control% e.th o] |o channel is required.
Usi ng current techno og Vi lgs Ei?“gw%ngb Fé %aa ‘gaertﬁan a1 PR ? hormal |y
support apprOX|nater 100 vehlcles wi.t hout any vehicle Jocation systemin
operatlcn1. A furth§f pohile unit 12 comprises an antenna 14 coupled to a

transmitter receiver 16 which is in turn coupled to a.
microprocessor 18. Data is sent to and received- from the
controller 2 via the transmitter receiver 16 and the antenna
14,

The mobile unit also comprises a location system responsive to
signals from local beacons or from satellites or from any
other form of lqcation-system to derive the position of the
mobile uhit. This is typically derived to within an accuracy
of the order of 30 to 300 metres. The location system 20
repeatedly calculates the position of the mobile unit and

- supplies it to the microprocessors 18. The location system 20
ﬁpdates the position signal sufficiently quickly for the .
microprocessor to, effectively, continuously monitor the
position. ' '

The microprocessor 18 is also sﬁpplied with a velocity signal
derived from the speed and direction of the mobile umnit.

A second predictive coder 22 is coupled to the microp;ocessor
18 and this is equivalent to the predictive coder 10 at the
controller. Thus when. fed with a position and a velocity
signal the predictive coder 22 can derive a predicted position
for the mobile unit based on a elapeed time since the position
signal was generated.

In operation’ the moblle unit 12 initially derives its p051t10n
using the location system 20. This is supplied to the
~ microprocessor 18 which transmits it and the velocity sigmal
of the mobile unit to the controller 2 via the tramsmitter
" receiver 16 and the antenna 14, At the control centre the
position signal and the velocity signal are fed to the
predictive coder 10.. At the same time the velocity signal and



twe radi o channel's ni ght--very well be needed to carry the positional

updati ng |nforna§ﬂ fron1a vehicle location system provided in each nobile
units if regular ﬂﬂcaﬁmbe produced once every 50 seconds.
Preferred enbodl sent i nvention provide a systemfor
automatic vehicle greatly I ncreases the accuracy of
posi.tional: |nfornat|on avalla e by suqnlflcantly reducing the errors in
positional information which are inherent in a’'conventional polled vehicle
| ocation system At ‘the sane tinme the anount of radio data communications
traffic is signifi @esition stgneddarerfpd Yos the predieting endevi 2R A8 B¥th at the
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’ to their respective microprocessors 8 and 18 predicted
position signals for the mobile.unit based on elapsed time
since the position and the velocity signals were generated.
Thus at the controller position data is available based on the

last known position and known velocity of a mobile wnit. -

At the mobile unit the microprocessor 18 continuously monitors
the predicted position sigpal derived by the predictive coder
and compares it with the current position signal derived by
the location system 20. Providirig the vehicle continues to
move at an average velocity close to that initially féd to the:
predictive coder there will be little difference between thg
predicted position signal and the actual position signal. If,
however, the mobile unit's velocity changes and it deviates
from the path derived by the predictive coder the actual
_pdsition and the predicted position will rapidly diverge.
When the difference between the predicted position and actual
position exceeds a predetermined amount the microprqceésor 18
will cause a new actual position signal and velocity signal to
be transmitted to the controller 2 to act as new seeds for the
_ predictive coder 10. This updated position and velocity will
also be fed to the predictive coder 22 at the mobi;e unit as

new seeds. The same process will then continue.

Using such a system positional updates ére sent from a mobile
unit to the controller only when the mobile unit has deviated
from the predicted path by more than a predetermined amount.
'In all other circumstances no positional update needs to be
transmitted to the controiler which, of course, has available
to it a predicted position on which it may base any decisions
relating to that mobile unit.

The update message sent from the mobile unit 12 to the
controller 2 will typically be coded into a packet of data of,



si gnal -deri ved-at—the vehicte and to the vehicle's velocity (speed and
direction) at the tine that 0§L&§on signal was derived to derive a
predi cted positi oHs t e unit. Thus the- controller and each
mobi'l e unit have ﬁmﬁﬁ WB current position signal available to
them’ At ,each nobill edi ctegg posi tion signal derived by the
predi.ctive coder is conpared with an actual positi'on signal derived from

‘the vehicle location unit. If the difference between the actual position
signal and the

for example, 24 user characters. The nature of mobile data
commmication systems is such that for short messages the
message duration is dominated by irreduceible overheads and
thus very little more radio air time is needed to send a
message of 24 user characters than is needed to send a message
purely containing 1ocation data. .For this reason it is
possible to send in the data packét data relating to the
position, velocity, time to which.the position data refers
and, if desired, data relating to rates of change of speed or
of diréction. Using this additional data more complex
predictive coding algorithms can be used to derive the
predicted position of a mobile unit more accurately.

Because data messages are only sent from mobile units to the'
controller 2 when the difference between predicted and actual
positioné exceeds a predeterminéd amount the amount of radio
traffic between mobile units and the control centre is
éonsiderably reduced. For example, a parked wehicle will not
send any update to the control centre since its actual
position and its predicted position will remain the same. A
vehicle cruising on a motorway at a éteady speed will only
occasionally deviate from its predicted position by an amount
in excess of the predetermined threshold (tolerable |
communications error) and will thus only occasionally require
updated positional infofmation to be sent to the controller.

By appropriately programming the microprocessor 18 in a mobile
unit the unit can adapt the tolerable commumications error in
dependence on the actual location of the mobile unit. For
exémple, when the mobile unit is within a dense city centre a
low threshold is required, for example, 50 to 100 metres. In
less dense éreas, e.g. rural areas, it is not necessary to

 have such an accurate estimation of the position of a mobile
unit and a threshold of, for examplé, 300 to 500 metres would
be appropriate. ' '



predi cted position signal exceeds a predetermned limt then the |atest
actual position signal and velocity are transmtted to the controller and
used as a new seed input for the predictive coder. At the same tine this

| at‘e’st actual position signal and velocity are also used as a new seed

i hput to the predictive coder at the nobile unit. The invention is defined
inits various aspects in the appended.,clains to which reference shoul d now
be made. An enbodi ment of the invention “will now be described in detail, by

way of exanple, Wi tyg,gefer cBR % 58ed fiﬁa@ldﬁ%ﬁlénegm&tm %bsﬁémwm@ hkesk
di agram of CIrCUItB%pprOVI ded at .t he control In
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the figure a cont r dibeeFystepsdegesiped\abete &Snﬁﬁesg% ogerate wEth ®rélicea

.amount of radio traffic compared to a system which polls
.moblle units for their locations and furthermore the control
centre has available to it a more accurate estimatiop of the
location of a mobile unit than with ponventional polled
systems.
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transmtter/receiver 4 coupled to an antenna 6. The transmitter/receiver
coupled to a mcroprocessor 8. Signals for nobile units are generated by
the microprocessor 8 and are—sent to the units by the transmitter/receiver

4 and the ant epfiag., gl gnaks from the nobile units_are-reeeived, by the

ant enna 6 .and t
n1croprocessor
coder 10. This
m cr oprocessor

since a nobile

1l

and,
repeat edl y updated predicted position signals to the mcroprocessor based
on-the originally supplied position and velocity signals and tine el apsed

%ceiver 4 and are then sup lied
cessor 8-8s al so coupl gu‘l‘“ \lu)m ‘ﬁ
tion and a velocity si

S

usi ng these, and a Ilnqghlggedlctlon technlque supplles

1. An automatic vehicle location system comprising a
control centre and a plurality of mobile units, each mobile
unit comprising means for deriving a current position signal
from external radio signals, prediction means responsive to a

-previously derived current position signal and to predicted

motion of the mobile unit to derive a predicted position
signal, means for comparing the current'position signal with
the ppedicted position signal and means: for traﬁsmitting the
current position eignal to the control centre in dependehce on
the result of -the compariSon,_the control centre comprising
prediction means responsive to a received current position
signals for a mobile unit and to predicted motion of the
mobile unit to derive a predlcted position signal for that

.mobile unit.

2. An automatic vehicle location system according to claim
1 in which each prediction means derives predicted motion for
a mobile unit from a velocity signal and from time elapsed
since derivation of the current position signal last sent to
the control centre. | |

3. An automatic vehicle location system according to claim .
2 in which each predlctlon means is also responsive to a rate
of change of speed 31gnal

4. An'automatic vehicle location 5ysteﬁ according to claim
2 or 3 in which each prediction means is also responsive to a
rate of change of direction signal.

5. An automatic vehicle location system.according to claim
2 or 3 in which a new current position signal is transmitted
from a mobile unit to the control centre when the result of
the comparison is that the difference between current and
predicted signels-exceeds a predetermined threshold.



unit was |ast. known to - be at a particular position. A nobile unit 12
conprises an antenna 14 coupl ed to a transmtter receiver 16 which is in

turn coupl ed Lena~ﬁftrUprcessor Data i s sent-to-and-reeeirved—fromthe
controller 2 via the SRbised receiver 16 and the antenna 14 The nobile
unit al se. corrprl system responsi ve to““‘“tﬁl“s“ L L‘

beacohs or froms mrom any_gther form o

derive the p05|t| Ie unit. This is typlcalfy derlved to mnthln

an accuracy .
- 6. An automatic vehicle location system according to claim
5 including means for altering the threshold.

7. An automatic wvehicle location system according to claim
6 in which the threshold altering means is responsive to the
current position signal to automatically alter the threshold.

8. An automatic vehicle location system according fo any
preceding claim in which the control centre prediction means
is responsive to current position signals from and to

predicted motion of each of the plurality of mobile units to

- derive a predicted position signal for each mobile unit.

9. An automatic vehicle location system according to any
preceding claim in which the trénsmitting means at a mobile
unit transmits a new current position signal as a portion of a
packet of data set to the control centre. '

10. An automatic vehicle location system according to claim
9 ‘in which the packet of data is.a 24 character packet.

11. A mobile unit for use in an automatic vehicle location
system comprising means for deriving a current position
'signal, prediction means responsive to a previously derived
current p051t10n signal and to predlcted motion of the mobile
unit to derlve a predicted postlon’51gnal for the mobile unit,
means for comparing the current position signal with the
predicted position signal, and means for transmitting'the
current position signal to a control centre in dependence on
the result of the comparison. ’

12. A control centre for use in an automatic vehicle

location éystem comprising prediction means responsive to a
current position signal received from a mobile unit and to
predicted motion of that mobile unit to derive a predicted



of -the order of 30 to 300 netres. The |ocation system 20 repeatedly
cal cul ates the position of the nobile unit . and supplies it to the

m croprocessors 18. The | ocation system 20 .updates the position signal
sufficiently quickly for the mcroprocessor t.o, effectively, continuously
noni tor the position. The m croprocessor 18 is also supplied with a

vel oci.ty "si gnal derived fromthe speedl@8rd direction of the nobile unit. A
second predictive coder 22 is coupled to the mcroprocessor 18 and this is

equi valent to the &k@g£ﬁ£{¥Egﬁﬁdféﬁ$ﬂa€%mb§§eQRﬁif0"er- Thus when fed with
. | 5% .

a position and a velocity signa e predictive coder 22 can derive a
predi cted position for the nobile unit based on- a el apsed tine since the

position. 13. An automatic vehicle location system substantially as
herein described.

14. A mobile unit for use in an‘aufomatic vehicle locatibn
system substantially as herein described.

15. A control centre for use in an automatic vehicle
location system substantially as herein described.
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si.gnal was generated. In operation the nobile unit 12 initially derives its
position using the location system?20. This is supplied to the

m croprocessor 18 which transmts it and the velocity signal of the nobile
unit to the controller 2 via the transmitter receiver 16 and the antenna
14. At the control centre the position signal and the velocity signal are
‘fed tothe'predictive coder 10. At thdllane tine the velocity signal and
position signal are fed to the predictive coder 22 in the nobile unit 12.
The predictive coders 10 and 22 then xHgamliayT

An automatic vehicle location centre comprises a
control centre (2) and a plurality of mobile units (12). Each
mobile unit is able to derive a current position signal from
external radio signals. A prediction (22) is responsive to this
current position sighal and to predicted motion of the mobile

" unit to derive a predicted position signal. The predicted and
current position signals are compared and the current position
signal is transmitted to the control centre 1n dependence on the
result of the comparison. The control centre (2) has a.
predictor (10), similar to that in each mobile unit, responsive
to the current position signal and to predic;ed_métion of the
mobile unit to derive a predicted position. This position data
is only transmitted froﬁ a mobile unit to the control centre if
the predicted position signal differs significantly from the
actual position. .
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to-t,heir respective mcroprocessors 8 and 18 predicted position signals for
the:nobile unit based on el apsed time since the position and the velocity

signals were generated. Thus at the controller position data is available
bas€d on the—tast—kmown position and known velocity of a nobile unit. At |
t'he nobile unit l_r{’gsggégme gedsor 18 continuously nonitors the predi ct ed

current positio d by the ation system 20. Providing the
vehi cl e continu an ‘average velocity close to that initially
fed to the predictive coder~there will be little difference between the
predi cted position signal and the actual position signal. If, however, the

nobile unit's velocity changes and it devi ates
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This invention relates to automatic vehicle location systems
of the type which may be used, for example, to monitor the
locations of each of a plurality of mobile units such as a

- fleet of vehicles. '

A wide range of different basic techniques exist for automatic
vehicle location. These include satellite based location
systems such as, for'exaﬁple, the Omega system, and also
systems which use local radio beacons. A mobile unit
operating in one of these systems monitors ﬁhase differences

" in signals received from different satellites and uses these
to derive the current position of the mobile unit. Typlcally
a positional accuracy of approx1mate1y 100 metres may be
obtained for a single derivation of position.

In a system comprising a central controller and a fleet of
mobile units the positional information for each unit is
required at the controller so that decisions relating to a a
mobile unit may be pade, e.g. job allocation for taxis. In
existing systems the information is transmitted to the

controller by polling each mobile unit in the system for its
position at regular intervals. In current systems the most
frequent polling interval possible is generally fixed and is
often as infrequent as once every 50 seconds, i.e. each mobile
unit derives its position and transmits this information to

the controller every 50 seconds.

Using such a polling system introduces an error in the data
available at-the controller and this error-will vary with time
elapsed since the last polling of a mobile unit for'aﬂ update
of its positional data. For example, a vehicle cruising at
120»k110metrés per hour w111 travel 1666 metres in 50 seconds.
"Thus the average pos1tiona1 error at the controller will be
slightly over 800 metres. Even if a vehicle is stuck in



transn1tted to the of course, has available to it a
predi ct ed position}| Oy may| bhse any decisions relating to that
nmobil e unit. The update 6 fromthe nobile unit 12 to the
controller 2 will [ ¢d}into a packet of data of, 6 for
exanple 24 user charla re of nobile data conmunication
systéms is such th for short nessages t nmessage duration is dom nated
by irreducei bl e ove us very little nore radio air tinme is

needed to sendt@affic at 25 kilometres per hour it will travel 347 metres in
50 seconds thus having an average positional error over the 50
second period of 173.5 metres. This error is, of course, in
addition to the error in the originally derived position of
the vehicle. Systems which have err@rs of this magnitude are
not able to make best use of mobile units when allocating them
to particular jobs.

Another disadvantage of systems which poll mobile units for
their positions on a periodié basis is the amount of radio
data communications traffic generated. This traffic can
easily occupy most of the transmission time on a single radio
channel and thus, if a significant number of vehicles are to
receive data from the controller, more than one radio channel
gs required. Using current technoiogy a single mobile radio
channel might normally support approximately 100 vehicles
without any vehicle location system in operation. A further
two radio channels might very well be needed to carry the
positional updating information from a vehicle location system
provided in each mobile wnits if regular updates were to be
produced once every 50 seconds.

Preferred embodlments of the present invention provide a
system for automatic vehicle location which greatly increases
the accuracy of positional information available by
significantly reducing the errors in positional information
which are inherent in a conventional polled vehicle location
system. At the same time the amount of radio data
communications traffic is significantly reduced.

This is achieved by providing both at the controller and at
each mobile unit a predictive coder responsive to a positioﬁ
signal derivéd at the vehicle and to the vehicle's velocity
(speed and direction) at the time that position signal was
derived to derive a predicted position for the mobile unit.
Thué the controller and each mobile unit have a predicted .



nessage of 24 user characters than is needed to sen
containing |location data. For this reason it is pos

data packet data relating to the position, velocity mE~T0 WNAT Ch
position data refers and, if desired, data relating {é i@ﬁb g
speed_or of direction. Using this addltlonal dat a re ciﬁﬁa 8
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ahgge of
clive

codi.ng al gorithns can be used to derive the predict ¢dipositien—of °'

bile

unit- nore accurately. Because data nessagds are only sent from nobilejunits

to the control |@irréntVpeBitivn gidnaer&ndeabhd weethenr. edrTted—amd—act ual
positions exceeds a predeterm ned anmount the anmount of radio traffic

bet weep nobile units and the control centre is considerably reduced.

exanpl e, a par ked eacthimobélevuhit ribe predicted position signal derived by
the predictive coder is compared with an actual position
signal derived from the vehicle location unit. If the
difference between the actual position signal and the
predicted position signal exceeds a prédetermined_limit then
the latest actual position signal and velocity are transmitted
" to the controller and used as a new seed input for the
'predictive coder. At the same time this latest actual
position signal and velocity are also used as a new seed input
to the predictive coder at the mobile umnit.

The invention is defined in its various aspects in the
appendéd claims to which reference should now be made.

An embodiment of the invention will now be described in
detail, by way of example, with reference to the single figure
which shows a block diagram of circuitry provided at the
controller and .at a mobile wnit.

In the figure a controller 2 is shown which comprises a .
transmitter/receiver 4 coupled to an antenna 6. The '
transmitter/receiver is coupled to a microprocessor 8.

Signals for mobile units are generated by the microprocessor 8
and are sent to the units by the transmitter/receiver 4 and
the antenna 6. Signals from the mobile units are received, by
the antenna 6 and the transmitter/receiver 4 and are then
supplied to the microprocessor 8.

The microprocessor 8 is also coupled to a predictive coder 10.
This receives a position and a velocity siénal from the
microprocessor and, using these, and a linear prediction
technique supplies repeatedly updated predicted position
signals to the microprocessor based on the originally supplied
position and velocity signals and time elapsed since a mobile

For



send any update to the control centre since its actual posigion.and ifs

predicted position will remain the same. A vehicle cruisin R§21£$EQQQﬂp§ﬁ£ET
at a steady speed will only occasionally deviate fromits gre

position by an anpbunt in excess of the predetermi ned thresHolld (tolerable
communj cations error) and will thus only occasionally requijr h UGQ 1996
positional information to be sent to the controller. By apgr lately

progranmi ng the mcroprocessor 18 in a nothle unit the uniff can adapt the

tol erable Comﬂiﬂh‘é%dso'ﬂéste%eﬁn itg B@I%‘%”Q%%x&ﬂatrhﬁoﬁ&wﬁ” Foeatt-er—oi—the
mobile unit. For exanple, when the nobile unit is wthin a dense city

centre a low threshold is reqU|redz for exanple, 50 to 100 nmetres. I:n" | ess
dense areas, e.agmobilfedbinf @2Sconprisss RAartRGAS A ¥olbfled to a

transmitter receiver 16 which is in turn coupled to a
microprocessor 18. Data is sent to and received: from the

controller 2 via the transmitter receiver 16 and the antenna
14.

The mobile unit also comprises a location system responsive to
signals from local beacons or from satellites or from any
other form of location.system to derive the position of the
mobile unit. This is typically derived to within an accuracy
of the order of 30 to 300 metres. The location system 20
repeatedly calculates the position of the mobile unit and
supplies it to the microprocessors 18. The location system 20
ﬁpdates the position signal sufficiently quickly for the
microprocessor to, effectively, continuously monitor the
position.

The microprocessor 18 is also supplied with a velocity signal
derived from the speed and direction of the mobile unit.

A second predictive coder 22 is coupled to the microprocessor
18 and this is equivalent to the predictive coder 10 at the

~ controller. Thus when fed with a position and a velocity
signal the predictive coder 22 can derive a predicted position
for the mobile unit based on a elapsed time since the position
signal was generated.

In operation the mobile unit 12 initially derives its position
using the location éystem 20. This is supplied to the
microprocessor 18 which transmits it and the velocity signal
of the mobile unit to the controller 2 via the transmitter '
receiver 16 and the antenna 14. At the control centre the
position signal and the velocity signal are fed to the
predictive coder 10. At the same time the velocity signal and



have such an accurate estimation of the position of=
.threshold of, for exanple, 300 to 500 netres woul dj
Thus it can be seen that a vehicle |ocation system
descri bed above is able to operate with a reduced &
conpared to a system which polls nobile units for t
furthrernore the control centre has availabje to it

estimation of the location of a nobile unit than wijth conventional polled

position signal are fed to the predictive coder 22 inlfhe
mobile unit 12. The predictive coders 10 and 22 then supply
to their respective microprocessors 8 and 18 predicted
position signals for the mobile unit based on elapsed time
since the position and the velocity signals were generated.
Thus at the controller position data is available based on the
last known position and known velocity of a mobile unit.

At the mobile unit the microprocessor 18 continuously monitors
the predicted position signal derived by the predictive coder
and compares it with the current position signal derived by
the location system 20. Providing the vehicle continues to
move at an average velocity close to that initially fed to the
predictive coder there will be little difference between the
predicted position signal and the actual position signal. If,
however, the mobile unit's velocity changes and it deviates
from the path derived by the predictive coder the actual
position and the predicted position will rapidly diverge.

When the difference between the predicted position and actual
position exceeds a predetermined'amount the microproceésor 18
will cause a new actual position signal and velocity signal to
be transmitted to the controller 2 to act as new seeds for the
predictive coder 10. This updated position and #elocity will
also be fed to the predictive coder 22 at the mobile unit as

new seeds. The same process will then continue.

Using such a system positional updates ére sent from a mobile
unit to the controller only when the mobile unit has deviated
from the predicted path by more than a predetermined amount.
In all other circumstances no positional update needs to be
transmitted to the controller which, of course, has available
to it a predicted position on which it may base any decisions
relating to that mobile unit. '

The update message sent from the mobile unit 12 to the
controller 2 will typically be coded into a packet of data of,
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predi cti on neans responsive to a previously derivdd\current
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and to..predicted notion of the nobile unit to derilv I cted pogition
signal, neans for conparing the current position sfgnal w di cted

position signal

and nmeans for transmtting the
for example, 24 user characters. The nature of mobile data

communication systems is such that for short messages the
message duration ié dominated by irreduceible overheads and
thus very little more radio air time is needed to send a
message of 24 user characters than is needed to send a message
purely containing location data. For this reason it is
possible to send in the data packet data relating to the
position, velocity; time to which the position data refers

and, if desired, data relating to rates of change of speed or

-of direction. Using this additional data more complex

predictive coding algorithms can be used to derive the
predicted position of a mobile unit more accurately.

Because data messages are only sent from mobile units to the
controller 2 when the difference between predicted and actual
positions exceeds a predetermined amount the amount of radio
traffic betwe%p mobile units and the control centre is
considerably reduced. For example, a parked vehicle will not
send any update to the control centre since its actual
position and its predicted position will remain the same. A
vehicle cruising on a motorway at a steady speed will only
occasionally deviate from its predicted position by an amount
in excess of the pfedétermined threshold (tolerable
communications error) and will thus only occasionally require
updated positional information to be sent to the controller.

By appropriately programming the microprocessor 18 in a mobile

unit the unit can adapt the tolerable communications error in

dependence on the actual location of the mobile unit. For

example, when the mobile unit is within a dense city centre a
low threshold is required, for example, 50 to 100 metres. In
less dense areas, e.g. rural areas, it is not necessary to
have such an accurate estimation of the position of a mobile
unit and a threshold of, for example, 300 to 500 metres would
be appropriate.



current position signal to the control centre in dependence on the result
of t‘he conparison, the control centre conprising prediction nmeans
responsive to a received current position signals for a nobile unit and to
-predicted notion of the nobile unit to derive a predicted position signal
for that nobile unit. 2. An autonmtic vehicle |ocation system according
to claim1 in which each prediction neans gerives predicted notion for a
mobile unit froma velocity signal and fromtinme el apsed since derivation
of the current Bwsi it signshbesgen| that acrpbicte (Josakinn prstemewicd uses  An

automatic vehi cia Los@dd @8s @ BEEMLAGE OiiaBle 1t Epérate Avith Whicdlc&dch
pr ediction neans is al so responsgjive to a

amount of radio traffic comparegiatt:oe a system which polls
mobile units for their locations and furthermore the control
centre has available to it a more accurate estimation of the
location of a mobile unit than with conventional polled
systems,
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of cha'nge of speed signal. 4 n automatic vehicle |ocation system"
-atcording to cl 'Ep@Apywﬁmﬂhgﬁﬁﬁtﬂ each prediction nmeans is al so responsive
to a rate of chahyeok difeeti 5i gnal . 5. An aut ( i icle

| ocati on systemjadcording to cl@&im2 or 3 in which a new current position

sigmat- i s transtditlt ed Tranemi®oobi le unit to the control rlm,ﬁ m
result of the cangarison is th the'diffetaence bet\/ve-er“ﬂmnm ,”, ,
predi cted signalls exceeds a prede erniqgg_threshold. o o s

‘ alns

1. An automatic vehicle location system comprising a
control centre and a plurality of mobile units, each mobile
unit comprising means for deriving a current position signal
from external radio signals, prediction means responsive to a
-previously derived current position signal and to predicted
motion of the mobile unit to derive a predicted position
signal, means for éomparing the current position signal with
the predicted position signal and means for transmitting the
current position signal to the control centre in dependence on
the result of the comparison, the control centre comprising .
prediction means responsive fo a received current position
signals for a ‘mobile unit and to predicted motion of the
mobile unit to derive a predicted position signal for that
mobile unit. '

2. An automatic vehicle location system according to claim

1 in which each prediction means derives predicted motion for

a mobile unit from a velocity signal and from time elapsed

since derivation of the current position signal last sent to -
the control centre.

3. An automatic vehicle location system according to claim

2 in which each prediction means is also responsive to a rate

of change of speed signal.

4. . BAn automatic wvehicle location system according to claim
2 or 3 in which each prediction means is also responsive to a
rate of change of direction signal.

5. An automatic vehicle location system'according to claim
2 or 3 in which a new current position signal is transmitted
from a mobile unit to the control centre when the result of
the comparison is that the difference between current and
predicted signals exceeds a predetermined threshold.



6. "An automatic vehicle
means for alterin
syst em accor di ng t&
responsive to the
t hreShol d. 8.
preceding claimin

system according to claim5 including
An aut omatic_vehicle |ocation
‘the threshold altering nmeans is
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i ch the.contrbl] centrg predlctlon freahs ¥s ¥ esponsi ve
to current positiof Signals from and} to predi cted notion of each of the
plurality of nobil ¢_upiis—t-o-certy predi cted position signal for each

mobile unit. 9.6, Ah AUtEHREECver8RIE! RchOfdH SpHtey 8L &SRS Yodkliaf O any
preceding claimin which the transmtting nmeans at a nobile unit transmts

a new current pb3PFlyHngBsaRs for élb%"rlt“igoﬁh%fthﬁesmld

7. An automatic vehicle location system according to claim
6 in which the threshold altering means is responsive to the
current position signal to automatically alter the threshold.

8. An automatic vehicle location system according to any
preceding claim in which the control centre prediction means
is responsive to current position signals from and to

predicted motion of each of the plurality of mobile wnits to

derive a predicted position signal for each mobile unit.

9. An automatic vehicle location system according to any
preceding claim in which the transmitting means at a mobile
unit transmits a new current position signal as a portion of a

packet of data set to the control centre.

10. An automatic vehicle location systenm according to claim
9 in which the packet of data is a 24 character packet. "

11. A mobile unit for use in an automatic vehicle location
‘system comprising means for deriving a current positioﬁ
signal, predicticn means responsive to a previously derived
current position signal and to predicted motion of the mobile
unit to derive a predicted postion signal for the mobile unit,
means for comparing the current pdsition signal with the
predicted position signal, and means for transmitting the
current position signal to a control centre in dependence on
the result of the comparison.

12. A control centre for use in an automatic vehicle
location system comprising prediction means responsive to a
current position signal received from a mobile unit and to
predicted motion of that mobile unit to derive a predicted



pacl"<et' of data set to the control centre. 10. An automatic vehicle
Focation systemaccording to claim9 in which the packet of data is a 24
character packet. 11. A nmobile unit for use in a i i :

| ocation system conprising neans for deriving a current posjti I |,
predi-ction nmeans responsive to a previously derived cm"!ﬁﬂﬂuwﬂllikﬂigl gnal
and to predicted notion of the nobile unit0to derive c on
signal for the nobile unit, neans for conparing the current position signal
with the predi BPEtignssignah arghbat mahilerwaiS: for transnitting the current

position signal to a control centre in dependence on the result of the

conpari son. 12, A control centre for use in an autommti hicl e
P 13. An automatic vehicle iocaéion system s&gstanéia¥f§ as

herein described.

14. A mobile unit for use in an automatic vehicle location
system substantially as herein described.

15. A control centre for use in an automatic vehicle
location system substantially as herein described.




| ocatsi on system conprising prediction neans responsive to a current
position signal received froma nobile unit and to predicted notion of that

nobile unit to derive a predicted position signal for that nobile unit.
13. An automatic vehicle location systemsubstantially as herein described.
14. A nmobile unit for use in an automatic vehicle |ocation system '
substantially as herein described. 15. A control centre for use in an

automatic vehicle location system substantially as herein described.

11
IMPROVEMENTS IN AUTOMATIC VSHICLE LOCATION SYSTEMS

ABSTRACT

An automatic vehicle location centre comprises a
control centre (2) and a plurality of mobile units (12). Each
mobile unit is able to derive a current position signal from
external radio signals. A prediction (22) is responsive to this
current position signal and to predicted motion of the mobile
unit to derive a predicted position signél. The predicted and
current position signals are compared and the current position
signal is transmitted to the control centre in dependence on the
result of the comparison. The control centre712) has a
predictor (10), similar to that in each wmobile unit, responsive
fo the current position signal and to predicted motion of the
mobile unit to deriQe a-predigted position. This position data
is only transmitted from a mobile unit to the control centre if
the predicted position signal differs significantly from the
actual position.

. Figure 1
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