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A navigation system, used for example to navigate visually handicapped people, uses a satellite system such as the GPS system to
locate the user via a user held receiver (14). A two-way communication system such as a digital telephone (18) communicates with a
central service centre (10} at which the user’s exact location and navigational information can be determined. There is preferably provided

a human-to-human information interface (30). The use of a two-way
to be kept at a remote and stationary base station (10).

communication system (18) enables some of the components (20-30)
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NAVIGATION SYSTEM

The present invention relates to a navigation system for

the visually impaired.

Although the visually impaired normally become very adept
at moving around known environments, including outdoors,
difficulties arise when the person is in an unfamiliar
environment. The reason for this is that there is much
environmental information which can only be discerned
visually and which gives little or no information via
other senses such as hearing or smell. Although this
information can to a certain extent be learned for a
familiar environment, it is of no assistance in an

unfamiliar environment.

A system being developed to provide navigation for the
visually impaired includes a satellite Global Positioning
System (GPS) and a digital map specially adapted for
visually impaired users. The system includes a first
receiver for receiving a signal for the known GPS
satellites, a second receiver for receiving a differential
GPS (DGPS) correction signal from a fixed base station; a
computer for calculating the user’s position, for
correlating this position with the digital map and for
determining environmental obstacles and directions for the

user; and a user interface, typically a voice synthesizer.

The GPS satellite system only provides a Standard
Positioning resolution of around 100 metres. The
differential correction signal is thus provided to

increase resolution to around 1 to 5 metres.

With this system, the user must carry all the above

components, which can be onerous.

The present invention seeks to provide an improved
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navigation system.

According to an aspect of the present invention, there is
provided a navigation system including a GPS receiver for
receiving positional information from a satellite system;
a differential correction unit for determining a
differential correction related to the received positional
information; a digital map for providing navigational
information, a user interface for indicating the
positional and/or directional information to the user; and
a portable two-way communication system; wherein at least
one of the differential correction unit, the digital map
and the user interface are locatable remote from the user
and in communication with the user by means of the two-way
communication system.

The use of a two-way communication system enables some of
the equipment otherwise carried by the user to be located
elsewhere, such as at a stationary base, thereby reducing
the amount of equipment to be carried by the user.

Preferably, each of the differential correction unit, the
digital map and the user interface are locatable remote
from the user. These normally constitute physically large
and expensive components.

It is also envisaged that the components not carried by
the user will be located at a remote station which acts as
a multi-user base station for a plurality of users. 1In
this way, cost savings and more sophisticated systems can
be provided for each user. For example, by locating the
digital map in a multi-user base station, a plurality of
users can use the same digital map, thereby sharing the
expense of such a map. In this manner, a large number of
digital maps can be provided, each accessible by the

users.
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The part of the system which must be carried by each user
can be reduced, in the preferred embodiment, to a

hand-held or pocket sized unit.

Preferably, the two-way communication system includes a
mobile telephone. This is preferably a digital telephone
to provide a communication link for the digital
information which would typically pass from the user to
the remote location. It will be apparent that with the
use of a portable telephone it would only be necessary to
provide a GPS receiver, which can be sufficiently small to

fit within the casing of a portable telephone.

In the preferred embodiment, all data including correction
data is transferred by means of a cellular telephone
network or other cellular network. The differential
correction unit may be located at a‘cellular network base

station.

The portable telephone provides another important
advantage, namely a voice-based communication system for
the user interface. The preferred embodiment provides for
a human-to-human interface, that is for guidance for the
visually handicapped user to be by a human, possibly at
the multi-user base station. Alternatively, the interface
could be by synthesized voice or a combination of

synthesized and human communication.

The portable communication system will typically provide
for coded activation of the facility by the visually
handicapped user. This may be by way of a persocnal
identification number or password or the like.

According to another aspect of the present invention,
there is provided a method of navigating a person
including the steps of receiving positional information of
the person from a satellite system; determining a
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differential correction related to the received positional
information; providing positional and directional
information; providing a user interface; and indicating
the positional and/or directional information to the
person; wherein at least one of the steps of determining a
differential correction, providing positional and
directional information and providing a user interface are

carried out remote from the person.

Preferably, the step of determining a differential
correction is carried out before the step of receiving

positional information.

The step of providing a user interface preferably includes
the step of providing a human-to-human interface.

An embodiment of the present invention is described below,
by way of illustration only, with reference to the
accompanying drawing, in which the sole Figure is a
schematic diagram of a preferred embodiment of navigation
system.

Referring to the Figure, the system shown provides
position and navigation information to a user, typically a
visually impaired person. The system is based on the
known GPS satellite positioning system, in which at
present 24 satellites orbit the earth and are able to
provide constant signals from at least some of the
satellites. The satellite signals are processed to give
an indication of position. As is known, the GPS satellite
system provides a positional resolution of only around 100

metres.

Improved resolution is provided by means of a differential
correction which is obtained via a second GPS receiver
located at a fixed and known position. The difference

between the perceived position of the fixed GPS receiver
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as cbtained from the GPS satellites and its known position
can therefore be calculated in ranges. This difference or
differential correction can the be used to “correct” the
perceived position of a mobile GPS receiver located
proximate the second GPS receiver. Differential
correction of this type can generally provide a positional

resolution of 1 to 5 metres.

As will be apparent from the Figure, the preferred system
includes a fixed base station 10 and a mobile unit 12.

The mobile unit 12 includes all of the components which
are carried by the visually handicapped person, as will
become apparent below. The base station 10 is a
multi-user base station and may either be one of several
base stations within the operating area of the system (for
example, the country) or may be a single base station able
to provide all of the required information and services

for the whole operating area.

The mobile unit 12 includes a GPS receiver 14 able to at
least receive the positioning signals from the GPS
satellites 1 to 4 in range. An electronic compass 16 is
preferably also provided to give an indication of
orientation of the person. For this purpose, the compass
16 may either be located in the casing of the mobile unit
12 or may be locatable separately on the person, in an
orientation which is constant relative to the person
thereby to provide a constant orientation signal
irrespective of the orientation of the mobile unit casing.

A two-way communication system 18 is coupled to the GPS
receiver 14 and is operative to send and receive signals
transmitted between the mobile unit 12 and the fixed base
station 10, in a manner described in detail below. 1In the
example shown, the two-way communication system is a
mobile telephone able to transmit and receive the required

information over a conventional mobile telephone cellular
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network. For this purpose, it is preferable to use a
mobile telephone which can provide both digital and
analogue signals.

Any other cellular network may be used, as may be provided
from time to time.

Both the GPS receiver 14 and the electronic compass 16 can
be of a relatively small size and in particular of a size
by which they can fit within the case of a mobile
telephone or within a small extension thereto. Thus, the
user can have an easily portable system. As explained
above, the electronic compass 16 may be located elsewhere
on the user so may not need to be incorporated into the
case of the mobile telephone. It is also envisaged in
some embodiments that some other or additional user
interface may be provided, such as a separate =ar piece or

other system.

The fixed base station 10 includes a differential GPS
(DGPS) reference station 20. As the position of the fixed
base station 10 is known, the DGPS reference station 20 is
able to determine the positional error between its known
position and the position indicated by the GPS satellites
in ranges. This positional error forms the differential

correction used for the mobile unit 12.

A digital map database 22 in the base station 10 includes
a plurality of digital maps specially enhanced. for
visually handicapped users. These maps thus include
additional information such as location of retail units,
obstacles and the like which can normally only be
discerned visually. The area covered by the digital map
database 22 depends on the operating area covered by the
base station 10. For example, where the base station 10
is one of a plurality of base stations covering the whole
operating area of the system, it will preferably include



15

20

30

35

WO 98/04885

PCT/GB97/02024

7

only the digital maps covering that area. On the other
hand, where a single base station is provided, the
database 22 will include all the digital maps.

Communication to and from the base station 10 is provided
by a two-way communications unit 24, in this case a unit
able to communicate with the relevant mobile telephone

network.

A central processing unit 26 is coupled to the DGPS
reference station 20, to the digital map database 22 and
to the communication unit 24. The processing unit 26 can
be of any suitable type, as will be readily apparent to
the skilled person.

A route planning algorithm 28 is provided with the
processing unit 26 to plan the route desired by a user on
the basis of the user’s position and desired destination,
and the relevant digital map obtained from the database
22.

Control of the base station and, in the preferred
embodiment, the user interface, is provided by a team of
trained staff 30.

In use, the visually handicapped person travels carrying
the mobile unit 12. The unit 12 is activated by logging
on to the base station 10, typically by dialling a

specific telephone number which accesses the base station
10. Once activated, two-way communication is established

between the mobile unit 12 and the base station 10.

When activated, the GPS receiver 14 receives continuously
the positioning signals from the GPS satellites in range.
These signals locate the person with a resolution of 100

metres. In this mode, the mobile unit 12 also receives

from the fixed base station 10 the differential correction
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signal. The GPS receiver 14 is, in this example, equipped
with processing means able to determine from the received
satellite signal and the differential correction the
position of the user, with a resolution of around 1 to 5
metres. The resultant GPS position signal is then sent to
the base station, with appropriate user identification
data, via the mobile telephone 18.

In addition to sending the GPS position, the mobile unit
12 also provides for input via a suitable means, for
example, as a key pad/tactile display (not shown) or
spoken request by the user, of the user’s desired
destination. This signal is also sent to the base station
10.

In an alternative embodiment, the processing unit 26
receives only the raw GPS position signal in range from
the mobile unit 12 and itself calculates the position for
the user by means of the differential correction
determined by the DGPS reference station 20 and finally
gets the user’s position with resolutions of about 1-5
metres. In this alternative, there is no need to send to

the mobile unit 12 the differential correction signal.

The differential position is preferably in RTCM-104
standard.

Thus, the base station 10 becomes equipped with the user’s
precise position, together with the user’s desired
destination. By use of the appropriate digital map from
the database 22 and of the route planning algorithm 28,
the processing unit 26 determines the best route and
directions for the user. 1In the preferred embodiment,
this information is given to trained staff, for example on
a computer monitor (not shown), who then personally guide
the user by talking to the user over the mobile telephone
system. Alternatively or additionally, the processing
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unit 26 generates guidance instructions and sends these to
the user over the mobile telephone system as voice
synthesized commands. In this alternative, computer
generated guidance may be used in simple situations and
human assistance provided in periods of difficulty.

In cases where a human interface is provided, the user may
indicate the desired destination by voice contact with a
member of staff at the base station 10, thereby further
facilitating use of the system.

It will be apparent that in the preferred embodiment the
mobile telephone 18 provides three types of information
link:

1) It works as a differential GPS correction data link

This means that, on the user’s side, there is a GPS
receiver, and at the Navigation Centre, there is a DGPS
reference station. When the GPS receiver is turned on, it
receives the differential GPS correction message provided
by the Centre through the digital mobile phone link, so
that the DGPS function can be realised.

2) It works as a data link to send the blind
pedestrian’s current position back to the Navigation

Centre

Once the blind user’s position is found by the GPS
receiver, this position is then sent back by the mobile
phone to the Navigation Centre. At the centre, the
necessary signal processing is carried on by the central
computer, and a suitable digital map is linked and the

necessary navigation information is shown in the screen.

3) It works as audio link from the centre navigation
staff to the blind
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This is the final stage to navigate the user to the
desired destination. This is preferably done by
conversations between the centre navigation staff and the
user. In other words, the mobile phone is now used as a
Human-Human interface. By using this method, the Human-
System interface problem especially for the blind, which
has troubled researchers for decades is avoided.

Advantages of the preferred system include the ability to
reduce the amount of equipment to be carried by the user,
to a unit which is easily portable. Moreover, the base
station 10 can be a multi-user station, thereby sharing
costs for the user and allowing for more facilities, such
as an increased number of digital maps. The user
interface can provide a human element to the guidance,
which is considered to be preferable over purely automated
systems.

It will be apparent that other embodiments may locate one
or more of the parts of the base station 12 on the user or
at another location, in dependence upon commercial and
practical considerations.

The disclosures in British patent application number
9615771.4, from which this application claims priority,
and in the abstract accompanying this application are

incorporated herein by reference.
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CLAIMS

1. A navigation system including a GPS receiver for
receiving positional information from a satellite system;
a differential correction unit for determining a
differential correction related to the received positional
information; a digital map for providing navigational
information, a user interface for indicating the
positional and/or directional information to the user; and
a portable two-way communication system; wherein at least
one of the differential correction unit, the digital map
and the user interface are locatable remote from the user
and in communication with the user by means of the two-way

communication system.

2. A system according to claim 1, wherein each of the
differential correction unit, the digital map and the user

interface are locatable remote from the user.

3. A system according to claim 1 or 2, wherein the part
or parts which are carriable by the user are housed in a

hand-held or pocket sized unit.

4 . A system according to claim 1, 2 or 3, wherein the
communication system is designed to operate via a cellular

network.

5. A system according to any preceding claim, wherein
the two-way communication system includes a mobile

telephone.

6. A system according to claim 5, wherein the telephone
is a digital telephone.

7. A method of navigating a person including the steps
of receiving positional information of the person from a
satellite system; determining a differential correction
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related to the received positional information; providing
positional and directional information; providing a user
interface; and indicating the positional and/or
directional information to the person; wherein at least
one of the steps of determining a differential correction,
providing positional and directiocnal information and
providing a user interface are carried out remote from the

person.

8. A method according to claim 7, wherein the step of
determining a differential correction is carried out

before the step of receiving positional information.

9. A method according to claim 7 or 8, wherein the step
of providing a user interface includes the step of

providing a human-to-human interface.

10. A method according to claim 7, 8 or 9, wherein

communication is carried out over a cellular network.
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