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NAVIGATION INFORMATJON SYSTEM 

This invention relates to navigation information systems. It is particularly 

suitable for use in providing users of road vehicles with route guidance, but other 

5 applications are possible and are discussed below. 

Navigation of a vehicle through an unfamiliar complex road network Is a 

difficult task. Large amounts of fuel and time are wasted as a result of drivers 

getting lost or using an inefficient route~ Accidents can also be caused by drivers 

attempting to read maps or complex road s;igns and losing concentration on the . 
10 road ahead. Moreover, a driver may choose an inefficient route as a result of llsing 

an out-of-date map. 

An additional problem can occur even if a driver knows a route to his or 

her destination. That route may be congested or blocked as a result of accidents 

or maintenance work, so that an alternative route. would be more efficient. 

1 5 Several proposals have been made for navigation guidance systems. In 

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 

complex vehicle-borne equipment involved is estimated to be in the region of 

£1000. The system is complex to operate, and could only be safely operated by 

the driver whilst the vehicle is stationary. The geographical Information system 

would require periodic updating, which requires new disks to be distributed to 

25 subscribers from tirne 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 would 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 provider 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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collected using roadside sensors, or they may be collected by monitoring the 

operation of the mobile user equipment. The latter approach can only collect data 

relating to users of the system, but has a lower capital cost. 

Jn an alternative approach a system of short-range roadside beacons is 

5 used to transmit guidance information to passing vehicles equipped with simple 

transceivers. The beacons transmit information to suitably equipped passing 

vehicles to give turn instructions appropriate to their chosen destinations. For each 

beacon the territory to be covered is divided into as many zones as there are exits 

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

10 destination falls is determined, 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 definitions of the .tones are dependant on the location of the 

beacons, and each zone comprises the set of destinations which should be reached 

from the beacon by taking the direction associated with that zone. 

1 5 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 coincident section ·of route will each give both users the same 

instructions. because for those beacons both users are travelling to the same zone. _ 

20 Only for the beacon at the point of divergence are the two users' destinations in 

different zones, and therefore different instructions are given. 

The beacons' programming may be modified from time to time by control 

signals from a central control station, in a way analogous to remotely controlled 

adjustable signposts, but in its interactions with the user equipment the beacon is 

25 autonompus, identifying which of its zones the user's desired destination is in, and 

transmitting the appropriate "turn" information to get it to the next beacon on the 

way. The beacon has no knowledge of 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 the route to the destination. The system can 

therefore provide a user with directions to a destination defined more precisely 

than the beacon spacing. However, at the beginning of a journey, a user cannot 

use the system until he encounters a beacon. 

, .. 
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This proposed system allows instant updating of the g_uidance instructions 

from a central control, and simpler In-vehicle equipment, but requires vast capital 

expenditure in roadside beacons. 

A problem encountered with both the proposed systems described above 

5 is that it is difficult for them to · provide alternative routings in response to 

congestion, either c1..1rrent or future, without the risk of creating worse problems on 

the_-alternative routas. Although predictions of regularly 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. 

15 

20 

According to a first aspect of the invention, there is .provided a navigation 

inform.ation 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 guidance 

information, 

means tor generating information for guidance of the user of the mobile 

unit according to the present location of the mobile unit, 

and a communications system for transmitting the guidance information so 

generated to the mobile unit. 

wherein the navigation information system has means for communicating 

25 with the mobile unit using dual tone multi-frequency signals, 

According to a second aspect, there is provided a mobile part of a 

navigation· information system, comprising means for Identifying the present 

position of the mobile unit, means for transmitting to a co-opertaing fixed) part, 

30 over a communications link, information relating to the present location of the 

mobile unit, and guidance instruction means controllable by guidance instruction 

information received over the communications link, whereby guidance instructions 

,,.• 
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related to the present location can be communicated to a user by means of the 

guidance instruction means, 

characterised in that the mobile unit has means for communicating with the co­

operating fixed part using dual tone multi-frequency (OTMF) signals. 

According to a third aspect, 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: 

1 O ·transmitting, from a mobile unit to a fixed part, a 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; 

15 characterised in that at least part of the data transmitted to and/or from 

the mobile unit is in the form of OTMF codes. 

For an analogue cellular radio network DTMF is an ideal signalling medium 

when only short status messages are requited to be transmitted. It can survive in 

the severe signal fading and noise of the mobile environment which frequently 

20 precludes 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 data coufd be sent at the start of a call and at intervals 

during the call. Other simple coded DTMF messages can also be conveyed to 

indicate emergencies, provide simple driver indications (e.g. illuminated arrows to 

25 turn left or right) or trigger synthetic speech generated by another sub-system in 

the vehicle. 

This invention has advantages over both the prior art systems discussed 

above. Considerable improvements can be made over the prior on-board navig~tion 

system proposals by putting the intelligence In the fixed part o1 the system. 

30 Firstly, 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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an in-vehicle system spends most of Its time inactive but a centralised system can 

be time-shared. 

Moreover, in contrast to the prior art roadside beacon system, the 

invention can be implemented with little deployment of equipment in the field, 

5 thereby offering considerable economies in capital cost and maintenance, and 

allowing rapid installation and modification of the system to meet changing 

requirements. 

Preferably the system includes means for determining the location of the 

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

1 0 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. This allows 

information associated with a particular overlay area to be transmitted to any 

mobile units in that overlay area. The system may also comprise means for 

1 5 determining when a mobile part enters a predetermined overlay area, and· means 

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

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

overlay area may cover part of a road approaching a junction, and the message 

may be the appropriate instruction to the driver, as he approaches the junction, as 

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

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

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

the location determination process. Large overlay areas are suitable for 

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

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

complicated road layout. The overlay areas may be delimited in two or three 

dimensions. 

An advantage of this preferred arrangement over the fixed beacon systems 

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

30 system includes 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. The overlay areas can be readily combined or subdivided, or their 

,. .• 
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boundaries otherwise altered to meet changing circumstances without any 

modification to the hardware, simply by reconfiguring the geographical overlay 

defined in the central database. Moreover, unlike the prior art beacon system 

discussed above, there is no major cost .· in street furniture and supporting 

6 infrastructure, because existing cellular mobile communications systems may be 

used to transmit the instructions from a central database. If the driver. enters an 

overlay area which is not on the route chosen by the system, an error mes$age 

can be transmitted. Such messages may be transmitted to a user other than the 

mobile unit, for instance in order to monitor the whereabouts of valuable cargoes 

10 or of personnel working away from a base. 

The geographical overlay may also be used to operate an access·contror 

system, for example for site security or for levying tolls. In this arrangement, if a 

user enters an overlay area for which he does not have permission, an alert sjgnal 

can be sem to a system controller, or to security staff on site who can intercept 

15 the interloper. Means may be provided (either in a fixed location or with the mobile 

user) to store a value associated with the mobile unit, and means arranged to 

modify the stored value in response to the messages transmitted in accordance 

with the location of the mobile unit, either to increment the value e.g. for 

subsequent billing, or to decrement the value e.g. in a prepaid stored·value device. 

20 The fixed part may include means for storing map information or other 

data for use in providing infor~ation, herein referred to as 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 over the 

communications system to the mobile parts so identified. This allows information 

2 5 about changing 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 possible. 

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 predictions to be made. The guidance data transmitted to the mobile units 

can therefore be based on the position measurements of a plurality of the mobile 

parts. If the mobile parts are vehicles. these position measurements will identify 

the locations of roads, and an indication of their traffic density. As new roads are 

. , 
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built or routes are diverted; traffic wm move to the new routes. Measuring the 

position of the traffic will therefore result in the data being updated automatically. 

To reduce the volume of information transmitted, the fixed part may comprise 

means for transmitting to the mobile part an expected range of movement 

5 information and for receiving from the mobile part movement measurements 

outside the expected range, and the mobile part comprising means for measuring 

location and time to derive movement inforfl1ation, 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 

10 measurements outside the expected range. ln this. way only exceptional traffic 

conditions are reported. 

The fixed part may include means for generating and maintaining guidance 

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 

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 make estimates of future traffic situatioris. 

The data stored in the data storage means may be updated, for example in 

20 response to changing traffic conditions, accidents, 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 more stable than existing autonomous route-planning systems because the 

navigation system can take account of the journeys planned for other users. 

Advantageously the invention can be implemented using a public celJular 

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 mobile part may comprise 

means to interrogate a location-identifying means forming part of the mobile part 

operating for example by means of dead reckoning from a known start point, using 

,. 
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an ine"ial navigation system or distance and direction measuring devices such as a 

compass and an odometer. Alternatively, the means for locating position may 

include means for identifying the location of the mobile part in· relation to elements 

of the fixed part of the communications system. The location of the mobile part 

5 may be determined by a radio location system associated with the ceflular radio 

system. In another alternative arrangement. a satellite navigation system may be 

used. In one preferred arrangement the fixed part has means to determine the 

approximate location of the mobile part. and the location identifying means of the 

mobile part is arranged to respond to a location request from the interrogation 

10 means with a non-unique location signal which, in combination with the 

approximate location determined by the fixed part, determines a unique location. 

In a preferred arrangement, the fixed part and the mobile parts each have 

a satelfite navigation system receiver, and the positions of the mobile parts as 

measured by the satellite navigation system are compared with those of the fixed 

15 part as measured by the satellite navigation system. The position 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 direct measurement using the satellite system alone. 

Preferably the fixed part has one or more servers and means for allocating 

20 a server to a mobile part only when it requires service. ln practice only a very small 

number of mobile units will require service at any given tlme, so this allows 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 discussed above, in which each mobile unit 

26 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 pro.cess. For example the system can be arranged 

30 such that it does not direct more than a predetermined 11umber of users to use a 

particular stretch of road at a particular time, and finds alternative routes for any 

users who would otherwise be directed along that road at that time. Jn this way 

the system can predict likely congestion points and take pre-emptive action. 

. ,. 
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The mobile part may include guidance instruction means controllable by 

instructions contained in the guidance information transmitted from the fixed part 

over the communications link, wheteby guidance instructions can be 

communicated to the user by means of the guidance instruction means. 

5 For some applications the vehicle may be controlled directly in response to 

the guidance information received over the communications link. However, for use 

on the public highway, it is preferable that the guidance information controls 

display means, which may be visual or audible or both, to indicate to a drivet the 

direction to take. 

1 O 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 inch..ide a speech synthesiser, which may be 

located in the fixed part, transmitting voice messages to the user over the 

communications system, or may be located in the mobUe unit and controlled by 

15 data messages from the fixed part. The former arrangement allows the mobile unit 

to be simplified, whilst the latter arrangement requires a smaller signalling load. 

In the described embodiment the mobile part Is in a vehicle, but It may be 

a hand-held device for guiding a pedestrian. In one form, the mobile part 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 ref ere nee to the drawings, in which: 

Figure 1 shows a mobile part and a fixed part of a navigation information 

system according to an embodiment of the tnvention; 

25 Figure 2 illustrates how the invention may be applied to a simple road 

layout; 

Figure 3 illustrates the division of a territory into zones according to the 

instructions generated by the system; 

Figure 4 illustrates an application of the invention to a more comple>c road 

30 layout; 

Figures 5a and 5b illustrate the modification of an overlay in response to a 

change in traffic circumstances; and 

,• 
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Figure 6 illustrates a road network, showing overlay areas defined by the 

method of the invention in relation to a cellular radio network 

According to the embodiment of Figure 1 the navigation system has a 

fixed part (comprising elements 12 to 19) and a number of mobile parts, of which 

5 one only is shown !comprising elements 1 to 10), interconnected by a cellular 

telephone netwotk 11 . 

The mobile part comprises a mobile telephone 1 having an audio output 2, 

an audio input 3 and a radio antenna (transmit/receive) 4. The output 2 is 

connected to a decoder 5 to translate Dual-Tone Multi-Frequency (DTMF) signals 

1 0 received by the telephone 1 into data which is fed to an interlace controller 6. The 

interface controller 6 also receives 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 output 2 and input 3 also include a loudspeaker 9 and microphone 10 

1 5 respectively, to allow the telephone to be used for speech. 

The fixed part comprises an interface with the cellular telephone network 

11, connected through a OTMF decoder 1 2 and encoder 13 and a controHer 

interface 14 to a computer 1 5. The computer 15 comprises a number of servers 

16, one of which is allocated to each active mobile unit. The servers 16 have 

20 access to a geographical 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. Examples of. overlays 

are illustrated in Figures 2, 4, 5a, 6b, and 6, to be described in detail later. 

25 The mobile part obtains location information using the GPS receiver 7 and 

transmits this information, together with a request for directions to a specified 

destination, to the fixed part, where a server 16 relates the location information to 

its geographical database 1 7 and obtains message information associated with the 

location from the database 18, and transmits the information back to the mobile 

30 part. 

The computer 15 may transmit messages in DTMF code, using the 

encoder 12, or it mav generate voice messages. which are transmitted through a 

voice output 20 to the cellular network 11 . 
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DTMF signals· are used to transmit the position of the vehicle to the 

computer 15 which can then offer information and guidance either to the vehicle or 

to a third party on demand. 

In the following disc·ussion, variations on the basic apparatus depicted in 

5 Figure 1 will also be described. in which certain elements are modified or replaced. 

The system is operated as follows:· 

At the start of a journey the driver requests service by activating a pre· 

dialled control on the telephone 1 . This service request is transmitted to the 

control interface 14 over the .t~lephone network 11 . The control interface 14 then 

10 allocates a free server. 16 to answer the call and interrogate the vehicle GPS 

receiver 7 to determine its geographical position. The encoder 8 takes the latitude 

and longitude data and translates the numbers into OTMF tone-pairs, in a manner 

to be described in more detail below. 

The cellular telephone couples this audio signal 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 Joudspeaker 9 

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

coming back from the server· 16 to acknowledge the reception of location 

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

message is repeated. 

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

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

computer, on the one hand, can call the mobil~ part which will answer 

25 automatically and then provide its location using the OTMF signalling system or on 

the other hand can receive an unsolicited call, which would include the OTMF 

encoded identity of the mobile unit and would also provide the vehicle location 

using the OTMF interface 6. 

The server 1 a then captures the current position of the user, and identifies 

30 the overlay area within ~hich that position falls·. The server also captures any 

permanent user-specific information such as the type of vehicle, which may be 

relevant for the route to be selected e.g. because of height or weight restrictions. 

The user may encode those requirements which are not permanent, but are 

,.· 
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specific to the present information request, {in particular his destination) by using 

the telephone keypad in response to voice prompts. However, in a preferred 

arrangement the call is presented to a human operator for the capture of this data. 

This allows the user to obtain assistance in identifying his desired destination to 

5 the system, and also allows the driver to speak his· requirements, keeping his 

hands and eyes free for driving. 

The operator then remotely programs the in-vehicle interface 6 with 

system data identifying the vehicle destination, for use in subsequent update 

processes, and instigates the generation of voice given directions and instructions 

10 to the driver by a speech generation subsystem of the computer server 16. 

Position fixes may be made at regular intervals, e.g. every two minutes, or 

every kilometre. Alternatively the fixed ·part may reQuest the mobile unit to send its 

next position fix after a specified interval or distance. 

As the driver follows the route further instructions can automatically be 

1 5 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 wm 
af feet the individual driver. The system is arranged such that when the system 

locates a mobile unit entering an overlay area having a message defined for it, for 

example the next turn instruction {or an error message if the mobile unit has gone 

20 off the selected route), that message is transmitted. The system may also be 

arranged to transmit .messages to users other than the mobile unit in question, for 

example 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 database is used an vehicle movements can be 

monitored. Traffic models can be used to optimise traffic flows and reduce 

journey times. The system can also ensure that . it . does not itself cause 

congestion, by limiting the number of vehicles it directs to use the same road at 

the same time. The control system can use the location data to calculate and 

30 record movement vectors from these vehicles. 

Using the data collected by this method, it is possible for the central 

system to derive a digital map of vafid routes. The following data could be derived 

automatically: valid travel lanes; permitted directionfs) o-f ftow; allowable turns; 

.. • 
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average travel times: trends in· travel times according to time of day and other 

factors. 

The system would automatically update the map to show permanent 

changes (new road links, changes to one way systems etc.). Temporary lane 

5 closures from road works. etc. would also ·be recorded. Manual updating of data 

would be necessary (for instance to alert the system to a new bypass opening) 

before the system acquired the information from vehicle flow data, to ensure 

vehicles are routed over the new road initially. Any approximations in the pre· 

entered data would automatically be corrected by the system described here. 

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

that may be relevant to travellers, by a combination of manual and automated data 

entry, e.g. location of bus stops, telephone boxes and other street furniture, and 

proximity to enterprises such as shops, banks or offices. 

The variation of transit time trends according to time of day, for each link, 

1 5 could be used to derive a congestion prediction model, as the basis for route 

guidance. The system may monitor the progress of the mobile units along the 

routes selected for them, to identify any areas of traff;c 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 tram~mlts an expected range of transit times within which the mobite 

is expected to reach a predetermined location. If the mobile unit reaches the 

location outside this range, ft reports the tact to the fixed part •. By •reponing 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 information 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 vehicles using the 

suggested routes is then added to the prediction. As more vehicles use the system 

30 the prediction produced could become more accurate. 

The 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 

,.• 11ii~i~f 
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telecommunications network - prior to departure). The vehicle would then operate 

autonomously, unless the road conditions varied significantly from those predicted. 

If the central system detected a problem (from vehicle data or other 

sources), which had a severe impact on predictions, sufficient to cause a change 

5 to advice already_ ·given, then the central system could broadcast news of the 

problem, such that those vehicles affected could automatically call in via a mobile 

data communications link to receive a new route from its present location to its 

destination. 

If a vehicle system encountered unexpected transit times along its 

1 O 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 neurat 

net techniques, and to select routes for traffic which avoid using routes at times 

when they are likely to be congested. ln addition, the system can generate digital 

1 5 road maps or other data automatically, based on the position measurements of 

vehicles using the roads. 

A particular advantage 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 information to a given tocation. By determining the 

predicted· arrival times for each user (which will depend on their starting 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 

detected. Traffic for other destinations, which might have been routed by way of 

25 this location, can then be diverted to other routes. 

The system described above uses an analogue telecommunications link, in 

which DTMF codes may be used. For an analogue cellular radio network DTMF is 

an ideal signalling medium when only short status messages are required to be 

transmitted. It can survive in the severe signal fading and noise of the mobile 

30 environment which frequently precludes 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 data could be sent at the 

start of a call and at intervals during the call. Other simple coded OTMF 

,• 
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messages can also be conveyed to indicate emergencies, provide simple driver 

indications (e.g. illuminated arrows to turn left or right) or trigger synthetic speech 

generated by another sub-system in the vehicle. 

The DTMF coding described above is suitable for an analogue system. In a 

5 digital cellular network digitised data can be uansmitted over an associated packet 

data system such as the Short Message Service (SMSJ of GSM (Global System for 

Mobile Communications), or the General Packet Radio_ Service (GPRS) proposed for 

GSM. 

In the embodiment described above, the speech generation subsystem 

1 o forms part of the server 16. Alternatively, It can be carried on board the vehicle. Jn 

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 signalling traffic r~quired over 

the radio link 11 , but increases the complexity of the in-vehicle equipment. 

15 The location-determination system 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 which carriageway of a dual carriageway 

20 road a user is on), 

Satellite positioning systems such as the Global Positioning System (GPSt 

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 

enhanced by a process known as "Differential GPS" in which a number of fixed 

25 reference points 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 is 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 position data received from the satellite positioning system may 

include-some redundant data. If the system is only to operate within a limited 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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point in Germany can be uniquely defined by the units digits of its latitude and of 

its longitude, as that country lies entirely between 45 and 55 degrees North, and 

between 5 and 15 degrees East. It is also possible to define any point in the United 

Kingdom in this way, although in that case a 10 degree offset in longitude has to 

5· be applied to avoid duplication of longitudes East and West of the zero meridian. 

For larger territories e.g. a pan-European system. or one covering the l)SA, 

this· simple method of data reduction is impractical. However, it is nevertheless 

possible to reduce the data requirements by dynamically defining the territory. 

After an initialisation step using the full location, the system selects as each new 

1 O 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 0, 

the user is taken to be at 100 degrees W rather than, for example, 90 degrees or 

11 0 degrees. 

If location updates take place sufficiently frequently that the user's 

16 position cannot 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 dispen$ed 

with. 

An alternative method of obtaining the coarse position location is 

20 interrogation of the cellular radio system's operating system to identify the ceH in 

which the user is currently located. Cell sizes can be up ta 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 = 111 kmJ. The separation of lines of longitude varies 

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

40km resolution will identify longitude to the nearest whole degree (1 degree of 

longitude = 111 km (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 can also be left-truncated, as it is unlikely that any 

multi-level road system would exceed 100 metres in height (or if it did, that a GPS 
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system would work effectively .for· any receiver on the ·lower levels). This gives a 

total of twelve digits, which can be transmitted by DTMF in less than 2 seconds. 

tf the data is left-truncated as described above, the "coarse" data is added 

by the interface controller 14 by reference to the previous position or to the 

5 cellular radio operating system. 

When the computer 1 5 receives a location message. il stores the location 

and then searches its database for an overlay area within which that position ties. 

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

longitude and have associated attributes which define messages which can be 

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

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

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

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

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

1 5 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 overlay area is unchanged, the 

transmission of the message may be suspended. 

20 The frequency at which location updates are requested 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 smaU overlay are;,s, requiring 

frequent location updates to ensure that a user does not miss an instruction by 

passing through its associated area between two updates. 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 is 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 shoutd be 

requested. 

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

positioning system may be unusable, for example in tunnels or built-up areas where 

a line-of-sight view of the satellites may be impossible to obtain. Alternative 

arrangements for identifying and updating the mobile part's location which do not 
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rely on a satellite receiver may be used, either on their own, or to interpolate 

between points where a satellite system can be used. In one variant, a navigation 

system based on dead-reckoning may be used. In such systems the user identifies 

his initial location and the on-board system measures the system's movement e.g. 

5 by magnetic bearing measurements, distance counters, and inertial navigation 

means such as gyrocompasses and accelerometers. Such systems are self­

contained, but require knowledge of the starting point. This may be obtained, for 

example from a satellite positioning system. 

In another variant, a method of location may be used which relit!s on the 

1 O propagation characteristics of the cellular radio system used for communication 

with the centrar control station. Examples of such systems are disclosed in German 

Patent specifications DE3825661 {Licentia Patent Verwaltungsl and DE 3616357 

{Bosch), United States Patent 4210913 (Newhouse), European Patent specification 

EP032091 3 {Nokia). and International Patent applications W092/13284 (Song) and 

15 WO 88/01061 (Ventana). By comp.arisen of signal strength or other characteristics 

of several cellular base stations, a position fix can be determined. In this 

arrangement the location measurement may be made directly by the fixed system. 

This allows the mobile part of the. system to be embodied by a conventional 

cellular telephone. with inputs being provided by sp.eech, or by OTMF 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 discussed, with reference to Figures 2 to 6. BriefJy, 

Figure 2 shows a junction J having four approach roads 21,22,23, 24; each having 

25 associated with it an overlay area 21 a, 22a, 23a, 24a respectively. In this figure, 

and all other figures illustrating road layouts, the roads are shown arranged for left­

hand running, 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, 8, C, and a 

motorway M. Each of the roads 21, 22, 23, 24 has an associated destination zone 

30 21z etc. Figure 4 shows a complex grade-separated junction interlinking four 

roads N, $, E, W. The junction has superimposed on it an overlay having twelve 

overlay areas, Na, Ni, Nd, Sa, Si, Sd, Ea. Ei. Ed, Wa, Wi, Wd. Figure 6a shows a 

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

,. 
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associated overlay areas 31, 3 2. Figure 5b is similar to Figure 6a, but an 

obstruction X is present on the main road 33, and the overlay area 32 has been 

subdivided into two overlay areas 32a, 32b, separated by the obstruction. Figure 6 

shows an overlay comprising ten overlay areas 40 - 49 superimposed on a cellular 

5 radio coverage region comprising five cells 50 • 54. 

In greater detail, the road junction J (Figure 2) has four approach roads 

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

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

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

10 shown in Figure 3, the entire territory covered by the navigation system can be 

divided into four zones 21 z, 22z, 23z, 24z, each comprising the set of all locations 

for which the corresponding 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 (zone 24z). road 23 leads to town B (:z:one 23:z:). road 22 

1 5 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 

possible 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 roads 21, M, and 25. Thus, for overlay area 22a there 

are only three zones: 24z, 23z and the combined 21 z/22z, corresponding to the 

25 three permitted exits 21, 23, 24. 

The zones may be re-defined according to circumstances. For ex~mple, 

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 21 z and 23:i 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 exit routes from the relevant overlay area. 

The overlay areas 21 a. 22a, 23a, and 24a should be targe 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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instruction. As shown in Figure 2, these overlay areas are discrete, and may be 

considered equivalent to the coverage areas of the beacons of the prior art system 

discussed above. They may, however, be made contiguous, as shown in Figures 4, 

5a, 5b and 6. 

Figure 4 shows a more complex, grade-separated junction, in which there 

are twelve overlay areas. Each road N, E, S, W. intersecting at the junction has a 

corresponding approach overlay area Na, Ea, Sa; Wa, (Wa shown shaded), and a 

depart overlay area Nd, Ed, Sd, Wd {Ed shown shaded). There are also four 

intermediate overlay areas Ni, Ei, Si, Wi (Si shown shaded}. ln the vicinity of the 

1 o flyover F height (altitude) information obtainable from the GPS system can be used 

to determine which level, and therefore which overlay area, the user is currently in. 

The approach and Intermediate overlay areas each end at a decision point 

P1 to PS. In the database 17 each overlay area has direction information 

associated with it, providing instructions as to which fork to take at the associeted 

16 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 one approach overlay area, one 

departure overlay area, and may also pass through one or more intermediate 

20 overlay areas. There may also be information assoctated with the departure overlay. 

areas Nd, Sd, Ed, Wd, for example warning of hazards ahead. The departure 

overlay areas may be continuous with approach overlay areas for the next junction 

in each direction. 

As a uset 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 destination are within the zone served by road W, the user is sent an 

instruction to tum left 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 information 

relevant to that overlay area (if any). 

30 If the co-ordinates of the user's destination are within the ~one served by 

road N, the user in overlay area Sa is instead sent an instruction to continue 

straight on at point P2. If the user obeys this instruction; he will enter overlay area 

Si. 

111iminr· 
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For a user in overlay area Si, if_ the co-ordinates of the user's destination 

are within the zone served by road N the user is sent an instruction to go straight 

on at point P1. On obeying this instruction, he will enter the overlay area Nd and 

on the next location update· he will be sent information relevant to that overlay 

5 area (if any). 

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

zone served by roads E, S, or W, the user will be sent an instruction to turn left at 

point P1 . Ori obeying this instruction, he will enter overlay area Wi. 

Similar information is associated with the other overlay areas. By being 

10 given appropriate instructions as the user negotiates a succ;ession of junctions 

(decision points), the user can be directed to any destination. It should be 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. 

Figures 5a and 5b illustrate the reconfiguration of the overlay areas to 

16 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· fi9ure 5b the major road 33 has been blocked at a point X. In order to 

accommodate this, the overlay area 32 has been subdivided into two overlay areas 

32a, 32b. The information (if any) associated with overlay area 32b is the same 8$ 

that previously associated with overlay area 32. Traffic in overlay area 32a i$ 

25 given new information warning 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 road 30. (Effectively this means that the destination zones 

associated with the overlay area 31 are merged into .one) 

Figure 6 shows how the overlay areas may be defined for a road network. 

30 In this example there Is an overlay area 40, 41 , 42, 43, 44. 45, 46, 4 7, 48, 49 

corresponding to each side of each section of road. Information appropriate to each 

direction of travel on each section is therefore available to users throughout the 

relevant section. Superimposed on this overlay there is a cellular radio network, 
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five cells of which (50, 51, 52, 63, 54) are shown. The position of the user, as 

determined for example by a sateHite positioning system. determines which overlay 

area is approp1'iate to the user. The information is transmitted to the service control 

centre by means of the cellular radio network. Handovers between ceHutar base 

5 stations occur in conventional manner at cell boundaries. These haodovers are, 

however, unrelated to the boundaries between the overlay areas 40 • 49 

Although the described embodiment relates to the provision 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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CLAIMS 

1. A navigation information system tor providing information to one or more 

S mobile users dependent on their locations, the system comprising: 

10 

15 

means ( 14, 15, 17) for determining the location of a mobile unit requesting 

guidance information. 

means ( 18, 1 5, 14} for generating information for guidance of the user of 

the mobile unit according to the present location of the mobile unit, 

and a communications system ( 11, 13) for transmitting the guidance 

information so generated to the mobile unit, 

wherein the navigation information system has means ( 12, 13) for· 

communicating with the mobile unit using dual tone multi-frequency (DTMF) 

signals. 

2. A system as claimed in Claim 1, having. means (12) for receiving and 

decoding information in DTMF format relating to the location of the mobile unit. 

3. A system as claimed in claim 2, having means (14) for determining a 

20 coarse position of the mobile unit, means ( 121 for receiving fine position 

information from the mobile unit, and means for c·ombining the coarse and fine 

position data to define a unique poistion measure. 

4. A system as claimed in claim 3. having. mean$ for recording a previous 

26 known position, and means for reu•ieving said position data as the coarse position 

d"ta. 

5. A system as claimed in claim 3 or 4. having means for determining the 

approximate location of the mobile unit by reference to its interaction with a 

30 cellular radio system. 

6. A system according to any preceding claim, having means for generating coded 

DTMF messages for transmission to the mobile units. 
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7. A mobile unit for a navigation information system, comprising means (7) 

for identifying the present position of the mobile 1,.1nit, means (8, 10, 1 l for 

transmitting to a co-opertaing fixed part, over a communications link {11 ), 

5 Information relating to the present location of the mobile unit, and guidance 

instruction means (6) controllable by guidance instruction information received 

over the communications link, whereby guidance instructions related to the present 

location can be communicated to a user by means of the guidance instruction 

means, 

10 characterised in that the mobile unit has means f5,8) for communicating 

with the co-operating fixed part using dual tone multi-freC1uency (OTMF) signals. 

8. A mobile unit as cf aimed in Claim 7, having means (8} for encoding and 

transmitting information in DTMF format relating to the location of the mobile unit. 

15 

9. A mobile unit according to claim 8, having a satellite position finding 

means (7) for determining the position of the mobile unit. 

1 O. A mobile unit according to claim 9 comprising means for transmitting the 

20 position data, truncated by the omission of one or more of the most significant 

digits. 

11. A mobile unit according to claim 9 or 10, comprising means for adding a 

predetermined offset to the position data provided by the satellite system. 
25 

12. A mobile unit according to claim 8, having an inertial means for 

determining the position of the mobile unit. 

13. A mobile unit according to· any of claims 7 to 1 2, having means (5) for 

30 receiving and decoding DTMF messages transmitted from the fixed part, and 

means (6) controllable in response to said DTMF messages. 
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14. A mobile unit acecording to claim 13, wherein the means (6t controllable 

by the received DTMF messages is a voice synthesiser. 

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

5 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 ( 1) to a fixed part· (11-201, a request for 

navigation g~1idance; 

- determining the location of the mobile unit; 

10 - generating guidance information on the basis of the location information and 

navigation data stored in the fixed part; and 

15 

·transmitting the guidance information from the fixed part to the mobiJe unit; 

characterised in that at least part of the data transmitted to and/or from 

the mobile unit is in the form of OTMF signals. 

16. A method according to ctaim t 5, wherein DTMF signals are used to 

transmit the position of the mobile unit to the fixed part 

17. A method according to claim 1 6, wherein the mobile unit determines its 

20 position using a satellite position finding means (7}. 

18. A method according to claim 17 wherein the mobile unit transmits the 

position data to the fixed part truncated by the omission of one or more of the 

most significant digits, the fixed part reinstating the truncated digits according to 

25 coarse position data determined by the fixed part. 

30 

19. A method according to claim 18, wherein the fixed part retrieves a 

previously recorded known position of the mobile unit for use as the coarse 

position data. 

20. A method according to claim 18 or 19 wherein the coarse position data is 

determined by reference to the interaction of the mobile unit with the mobile radio 

system. 
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21. A method according ing to claim 18 19 or 20, wherein a predetermined 

offset is applied to the position data for transmission from the mobile unit to the 

fixed part, and the fixed part removes the predetermined offset to determine the 

5 true position of the mobile unit. 

22. A method according to claim 16, wherein the mobile unit determines its 

position by inertial means. 

10 23. A method according to any of claims 15 to 22 wherein OTMF coded 

messages are transmitted from the fixed part to the mobile part. 

24. A method according to elairn 23, wherein the messages are arranged to 

activate a subsystem of the mobile part. 

15 

25. A method according to claim 24. wherein the subsystem is a voice 

synthesiser. 
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