
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date

3 March 2011 (03.03.2011) WO 2011/023246 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
GOlC 21/32 (2006.01) GOlC 21/30 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

PCT/EP2009/068059 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

31 December 2009 (3 1.12.2009) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data:
61/236,547 25 August 2009 (25.08.2009) US (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): TELE GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

ATLAS B.V. [NIVNL]; Reitscheweg 7F, NL-5232 BX τs ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
- Hertogenbosch (NL). TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

(72) Inventors; and ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(75) Inventors/Applicants (for US only): MIKSA, Krzysztof MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

[PL/PL]; ul. Dyngusowa 2, PL-90-280 Lodz (PL). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).SMIECHOWICZ, Krzysztof [PL/PL]; Ul Traktorowa

53 m 47, PL-91-1 17 Lodz (PL). NOWAK, Hubert Declarations under Rule 4.17:
[PL/PL]; Kollataja 2/16, PL-97-300 Piotrkow Trybunals-
ki (PL). — as to applicant's entitlement to apply for and be granted

a patent (Rule 4.1 7(iif)
(74) Agent: DENMARK, James; Orchard House, 4 1 Altrin-

Published:
cham Road, Wilmslow Cheshire SK9 5NG (GB).

— with international search report (Art. 21(3))

(54) Title: A VEHICLE NAVIGATION SYSTEM AND METHOD

Fig. l

(57) Abstract: A vehicle navigation or mapping system comprises at least one sensor located on or in a vehicle and adapted to
perform measurements to obtain sensor measurement data, a data store for storing reference sensor measurement data; and a pro
cessing resource adapted to determine whether the sensor measurement data matches the reference sensor measurement data and,
if the sensor measurement data matches the reference sensor measurement data, to determine a relative or absolute spatial location
of the vehicle from stored location data associated with the stored reference sensor measurement data.



A vehicle navigation system and method

Field of the invention

The present invention relates generally to digital maps, geographical

positioning systems and methods, and/or navigation systems and methods, for

example to a system and method for vehicle navigation or mapping.

Background to the invention

Navigation systems, electronic maps (also referred to herein as digital maps),

and geographical positioning devices have been increasingly used in vehicles to

assist the driver with various navigation functions, such as: determining the overall

position and orientation of the vehicle; finding destinations and addresses; calculating

optimal routes (perhaps with the assistance of real time traffic information); and

providing real-time driving guidance, including access to business listings or yellow

pages. Typically the navigation system portrays a network of streets as a series of

line segments, including a centreline running approximately along the centre of each

roadway. The moving vehicle can then be generally located on the map close to or

co-located with regard to that centreline.

Some early vehicle navigation systems relied primarily on relative-position

determination sensors, together with a "dead-reckoning" feature, to estimate the

current location and heading of the vehicle. This technique is prone to accumulating

small amounts of positional error, which can be partially corrected with "map

matching" algorithms. The map matching algorithm compares the dead-reckoned

position calculated by the vehicle's computer with a digital map of street centrelines,

to find the most appropriate point on the street network of the map, if such a point

can indeed be found. The system then updates the vehicle's dead-reckoned position

to match the presumably more accurate "updated position" on the map.

With the introduction of reasonably-priced Geographical Positioning System

(GPS) satellite receiver hardware, a GPS receiver or GPS unit can be added to the

navigation system to receive a satellite signal and to use that signal to directly

compute the absolute position of the vehicle. However, map matching is still typically

used to eliminate errors within the GPS system and within the map, and to more

accurately show the driver where he/she is on (or relative to) that map. Even though

on a global or macro-scale, satellite technology is extremely accurate; on a local or



micro-scale small positional errors still do exist. This is primarily because the GPS

receiver can experience an intermittent or poor signal reception or signal multipath,

and also because both the centreline representation of the streets and the actual

position of the GPS system may only be accurate to within several meters. Higher

performing systems use a combination of dead-reckoning (DR)/inertial navigation

systems (INS) and GPS to reduce position determination errors, but even with this

combination errors can still occur at levels of several meters or more lnertial sensors

can provide a benefit over moderate distances, but over larger distances even

systems with inertial sensors accumulate error.

While vehicle navigation devices have gradually improved over time,

becoming more accurate, feature-rich, cheaper, and popular; they still fall behind the

increasing demands of the automobile industry. In particular, it is expected that future

vehicle navigation applications will require higher positional accuracy, and even more

detailed, accurate, and feature-rich maps. Possible enhanced applications are likely

to include: Adding more precise navigation guidance features to vehicles, that can

be supported by improved mapping capabilities, and provide better usability and

convenience for the driver; and Adding various safety applications, such as collision

avoidance, which may, in turn, depend on having accurate knowledge of the position

and heading of the vehicle relative to other nearby moving and stationary objects,

including other vehicles. Within this context, the accuracy within the current

generation of consumer navigation systems, on the order of 5 to 10 meters, was

thought to be inadequate. It was believed that systems many times more accurate

were needed. In order to meet these future needs, the automobile industry sought

ways to improve both the accuracy of digital maps and the accuracy of on-board

position determination (e.g. GPS, etc.) sensors.

At the same time, the digital mapping industry, represented by companies

such as Tele Atlas, is putting greater amounts of information into its digital maps.

This increased information is being combined with much higher accuracy so as to

better support advanced future applications. Examples of the features now included

in digital maps include: the accurate representation of the number of lanes within a

particular street or road; the positions of those lanes and barriers; the identification

and location of objects such as street signs and buildings footprints; and the inclusion

of objects within a rich three-dimensional (3D) representation that portrays actual

building facades and other features.

Current navigation systems have sufficient accuracy and map detail to allow

the onboard position determination to match the vehicle's position to the appropriate



street centreline, and thereby show the vehicle on the proper place in relation to a

centreline map. From there the system can help the driver with orientation, routing

and guidance functions. However, this level of precision is insufficient both in detail

and in accuracy to tell the driver what driving lane he/she may be in (and thereby

give more detailed driving guidance), or to warn the driver that he/she may be in

danger of a collision. In fact, in today's mapping systems the majority of non-highway

roads are depicted on the map with a single centreline which is used for vehicles

travelling in both directions. Using contemporary map matching techniques, the

vehicles appear to be travelling along the same line, and thus if viewed in relation to

each other would always appear to be in danger of collision. Alternatively, for those

digital maps in which roads are represented on the map by a centre line in each

direction, the cars travelling in each direction would match to the appropriately

oriented element of that road segment pair, and the cars, if viewed in relation to each

other, would never appear to be in a position to collide, even if in reality the situation

was quite different.

United States Patent Publication No. 2008/0243378 proposes the addition of

attribute data on map database objects that include relative position coordinates

having high relative accuracy with respect to objects within its vicinity and the

addition of sensor systems in the vehicle that can detect objects within its vicinity.

Embodiments of that invention were designed to meet the perceived advanced needs

which the automobile industry is striving for, including much higher positional

accuracies both for on-board position determination equipment and for the digital

map. For example, to know which lane a vehicle is moving within requires a

combined error budget of no more than 1 to 2 meters. Applications that use object

avoidance (for example, to prevent collision with an oncoming car straying outside its

lane), may require a combined error budget of less than 1 meter. Achieving this

requires even smaller error tolerances in both the vehicle position determination, and

in the map. The system is designed to use nominal absolute accuracies, in

combination with higher relative accuracies, to achieve overall better accuracies, and

to do so in an efficient manner. An object's position, with its higher relative accuracy,

need only be loosely coupled to that same object's absolute position with its lower

accuracy.

In the system of US 2008/0243378, vehicles contain one or more additional

sensor(s), such as a camera, laser scanner, or radar, which are used to detect the

presence and relative location of surrounding objects. The digital map or digital map

database of the vehicle's navigation system includes at least some of the



surrounding objects. The additional sensor(s) can sense the presence of at least

some of these objects and can measure its relative position (distance and bearing) to

those objects. This sensor information, together with the absolute information, is then

used to determine the vehicle's accurate location, and if necessary to support

features such as assisted driving or collision avoidance.

Depending upon the accuracy of the sensor, it is possible to identify, for

example, a road sign and estimate its relative position to an accuracy of just a few

centimetres relative to the vehicle's position (which may have an estimated absolute

positional accuracy of a few meters). With current mapping accuracies, the same

sign can be attributed in the database with a position having an absolute accuracy

also on the order of a few meters. Thus the map matching problem becomes one of

unambiguously identifying the object in the database with the appropriate

characteristics within a search radius of, for example, 10 meters around the vehicle.

In such known systems, data concerning objects is usually stored in the form

of an object identifier and absolute or relative co-ordinates of the object. Usually the

objects are selected to be recognisable by the navigation system based upon

measurements by the vehicle sensors. Some objects (for example a building, minor

signs) may include only absolute positioning coordinates, whereas more important

objects (such as street corners, major signs) may include both absolute positioning

and relative positioning coordinates. Additional data representing additional

identifying characteristics (such as colour or size or shape or height of a sign) may

also be stored.

In operation vehicle sensors detect the existence of one or more objects and

possibly additional identifying characteristics (such as colour or size or shape or

height of a sign), measures the object's position, and uses this information to match

to objects of similar characteristics and location in the map database.

Usually the object data stored in the database includes descriptive data

describing one or more properties of the object, for example object type (e.g. a sign

or building), location and sometimes other properties (colour or size or shape or

height of a sign). The properties may be determined using any of a variety of

techniques and measurements, including visual inspection by an operator, and

entered into the database. Subsequently the processor of an vehicle navigation

system must apply processing techniques to raw data received from the in-vehicle

sensors in order to identify object types and properties for matching with the

database. Such object identification procedures can be relatively complex, and can

place a significant processing burden on the vehicle navigation system.



Furthermore, the location of objects for which location data is stored in the

database can change. Such changes, especially if relatively small, may not be

picked up by a vehicle navigation system (e.g. the presence of a sign with expected

properties may still be detected as expected by the vehicle navigation system) but

can have a significant effect if it is desired to determine the location of a vehicle with

high accuracy, as the location data for the object stored in the database may no

longer be accurate.

The known systems described above can provide accurate and effective

mapping and navigation. Nevertheless it is an aim of the present invention to provide

an improved or at least alternative navigation system and/or method.

Summary of the invention

In a first, independent aspect of the invention there is provided a vehicle navigation

or mapping system comprising:- at least one sensor located on or in a vehicle and

adapted to perform measurements to obtain sensor measurement data; a data store

for storing reference sensor measurement data; and a processing resource adapted

to determine whether the sensor measurement data matches the reference sensor

measurement data and, if the sensor measurement data matches the reference

sensor measurement data, to determine a relative or absolute spatial location of the

vehicle from stored location data associated with the stored reference sensor

measurement data.

By determining a match between sensor measurement data and reference

sensor measurement data, the location of a vehicle can be determined from the

surroundings of the vehicle. The determination of such a match does not require

information concerning objects from which the measurement data has been obtained

(although of course such information may also be used if desired), which can make

for a simple and efficient process.

The sensor measurement data and the reference sensor measurement data

may be of substantially the same or similar type. The sensor measurement data

and/or the reference sensor measurement data may be subject to a transformation or

other process prior to the determination of whether there is a match, for example a

Fourier Transform process, an averaging, a filtering, or any other suitable signal

processing procedure.

Sensor measurement data may comprise data that represents a physical

measurement. An object type or descriptor is not considered in itself to be sensor



measurement data. An object type or descriptor does not represent a physical

measurement, although such an object type or descriptor may of course be selected

or generated in dependence on the results of one or more physical measurements.

The processing resource may comprise, for example, a processor or a set of

processing devices or modules, and may comprise software, hardware, or a

combination of software and hardware.

The reference sensor measurement data may comprise measurement data

previously obtained using at least one sensor of substantially the same type as the at

least one sensor located on or in the vehicle.

The location data may comprise the location of the at least one least one

sensor of substantially the same type, or a vehicle on or in which the at least one

sensor of substantially the same type was located, at the time the reference sensor

measurement data was obtained.

The reference sensor measurement data may comprise 1-dimensional sensor

measurement data as a function of position or time.

By using 1-dimensional data, storage and processing requirements may be

reduced. The at least one sensor may be adapted to provide 1-dimensional sensor

measurement data, for example as a function of position or time.

The reference sensor measurement data may comprise a plurality of sets of

sensor measurement data, and the processing resource may be adapted to

determine whether the measurement data matches any of the sets of reference

sensor measurement data.

Each set of reference measurement data may be obtained from a respective

landmark

Each set of sensor measurement data may comprise sensor measurement

data obtained from a range of positions, for example a range of positions in the

direction of travel of the vehicle.

The range of positions may be a range of substantially longitudinal positions.

For example the range of positions may be a range of positions in the direction of

travel of the vehicle. The sensor measurement data may comprise sensor

measurement data for a time or distance window.

The range of positions may have a length of, for example between 0.5m and

20m, or between 2m and 15m, or between 5m and 10m

The at least one sensor may comprise a plurality of sensors, or may comprise

a sensor arranged to perform measurements in a plurality of measurement

directions. Each set of measurement data may comprise a plurality of sub-sets of



sensor measurement data, each sub-set of measurement data being obtained by

measurements by a respective different one of the sensors or from a respective laser

scanner scan position.

The at least one sensor may comprise a plurality of sensors arranged to

perform measurements at different sides of the vehicle and/or to perform

measurements at different heights. Alternatively or additionally the at least one

sensor may comprise a sensor, for example a laser scanner, arranged to perform a a

plurality of measurements at different sides of the vehicle and/or at different heights.

The at least one sensor may comprise at least one pair of sensors, the pair of

sensors being located and/or aligned symmetrically on each side of the vehicle.

Alternatively or additionally the at least one sensor may comprise a sensor arranged

to perform symmetrical measurments on each side of the vehicle.

The or each sensor may comprise a range sensor for measuring the distance

of objects from the sensor. The or each sensor may comprise a laser sensor or

radar sensor.

Each set of measurement data may comprise a plurality of sub-sets of sensor

measurement data, the sub-sets of sensor measurement data representing

measurements at different vertical positions, for example different heights relative to

a roadway.

The processing resource may be configured to perform a correlation

procedure correlating the sensor measurement data with the reference sensor

measurement data.

The processing resource may be configured to determine that the sensor

measurement data matches the reference sensor measurement data in dependence

on the correlation procedure, for example whether the correlation is within a

predetermined threshold.

The processing resource may be configured to determine further spatial

location data from the vehicle by comparing at least one further property of the

sensor measurement data with at least one further property of reference sensor

measurement data that has been determined to match the sensor measurement

data.

The at least one further property may comprise an amplitude of the sensor

measurement data and the matching reference sensor measurement data. Thus, a

lateral position of the vehicle may be determined . The reference sensor

measurement data may comprise relative position data.



The at least one further property may comprise a plurality of relative

amplitudes of the sensor measurement data and the matching reference sensor

measurement data, different ones of the relative amplitudes being for measurements

on different sides of the vehicle.

The reference sensor measurement data may comply with at least one

distinctiveness criterion.

The at least one distinctiveness criterion may comprise a requirement that the

measurement data comprises a spectrum including at least one peak, optionally at

least two separated peaks.

The reference measurement data may comprise a plurality of sets of

measurement data, each comprising a plurality of sub-sets of measurement data,

and each sub-set of measurement data may comply with the at least one

distinctiveness criterion.

The reference sensor measurement data may comprise a plurality of sets of

measurement data, each comprising a plurality of sub-sets of measurement data,

and the system may comprise means for selecting measurement data to be stored as

a reference set of measurement data in dependence on whether each sub-set of the

measurement data matches a predetermined distinctiveness criterion.

Each sub-set of the measurement data may comprise measurement data

obtained using a respective different one of a plurality of vehicle sensors.

The system may further comprise means for receiving sensor measurement

data from a plurality of vehicles, and amending the reference sensor measurement

data in dependence on the sensor measurement data from a plurality of vehicles.

In another independent aspect of the invention there is provided a system for

selecting sensor measurement data comprising a processing resource adapted to

receive sensor measurement data obtained from at least one sensor located on or in

a vehicle, the processing resource being adapted to determine whether data matches

at least one distinctiveness criterion, and to store sensor measurement data that

matches the at least one distinctiveness criterion as reference sensor measurement

data.

The processing resource may be arranged to receive sensor measurement

data from a plurality of vehicles, and to amending the stored reference sensor

measurement data in dependence on the sensor measurement data received from

the plurality of vehicles.

In another independent aspect of the invention there is provided a method of

vehicle navigation or mapping comprising:- performing vehicle sensor measurements



to obtain sensor measurement data; determining whether the sensor measurement

data matches stored sensor measurement data; and if the sensor measurement data

matches the stored sensor measurement data, determining a relative or absolute

spatial location of the vehicle from stored spatial location data associated with the

stored sensor measurement data.

The reference sensor measurement data may comprise measurement data

previously obtained using at least one sensor of substantially the same type as at

least one sensor located on or in the vehicle.

The reference sensor measurement data may comprise 1-dimensional sensor

measurement data as a function of position or time.

Each set of sensor measurement data may comprise sensor measurement

data obtained from a range of positions, for example a range of positions in the

direction of travel of the vehicle.

The measurements may be at different sides of the vehicle and/or at different

heights.

The method may further comprise determining further spatial location data

from the vehicle by comparing at least one further property of the measurement data

with at least one further property of reference sensor measurement data that has

been determined to match the sensor measurement data.

The at least one further property may comprise an amplitude of the sensor

measurement data and the matching reference sensor measurement data.

The method may further comprise receiving sensor measurement data from a

plurality of vehicles, and amending the reference sensor measurement data in

dependence on the sensor measurement data from the plurality of vehicles.

In a further independent aspect of the invention there is provided a method of

selecting sensor measurement data comprising receiving sensor measurement data

obtained from at least one sensor located on or in a vehicle, determining whether the

sensor measurement data matches at least one distinctiveness criterion, and storing

sensor measurement data that matches the at least one distinctiveness criterion as

reference sensor measurement data.

In another independent aspect of the invention there is provided a computer

program product comprising computer readable instructions that are executable to

perform a method as claimed or described herein.

In a further independent aspect of the invention there is provided a computer

program product comprising a database storing at least one set of reference sensor

measurement data obtained from at least one sensor located on or in a vehicle, the



at least one set of reference sensor measurement data complying with a

distinctiveness criterion.

There may also be provided an apparatus, system or method substantially as

described herein with reference to the accompanying drawings.

Any feature in one aspect of the invention may be applied to other aspects of

the invention, in any appropriate combination. For example, apparatus or system

features may be applied to method features and vice versa.

Detailed description of embodiments

Embodiments of the invention are now described, by way of non-limiting example,

and are illustrated in the following figures, in which:-

Figure 1 is a schematic illustration of a vehicle including a navigation or

mapping system according to one embodiment;

Figure 2 is a schematic illustration of certain components of the navigation or

mapping system of Figure 1;

Figure 3 is a graph of a sub-sets of measurement data obtained from a

sensor of the system of Figure 1;

Figure 4 is a flow chart illustrating in overview a location-determining process;

Figure 5 shows various graphs illustrating a correlation procedure;

Figure 6a is a schematic illustration of a vehicle mounted navigation system

being used to obtain measurement data;

Figure 6b is a graph of measurement data and reference data for the system

of Figure 6a;

Figures 7a and 7b are illustrations of survey vehicles; and

Figures 8a and 8b are graphs of measurement data selected for use as

reference data.

Figure 1 is an illustration of a vehicle 2 that includes a vehicle navigation

system 4 and associated laser sensors in the form of laser scanners 6 , 8 . The laser

sensors are arranged symmetrically on each side of the vehicle, with one of the

scanners 6 arranged on one side of the vehicle 2 and the other of the scanners 8

arranged on the other side of the vehicle 2 . Each of the scanners comprises a laser

transmitter for transmitting a pulsed or continuous beam of laser radiation, a laser

detector for detecting reflected laser radiation, and a processor for controlling the

scanning of a laser beam by the scanners and for processing the results of



measurments. The laser sensor processor is operable to determine the distance of a

surface of a building 19, 20, object or other surroundings with which the laser sensor

is aligned and from which the laser radiation is reflected using, for example, time-of-

flight measurements or other known ranging techniques. Each laser scanner is

configured to scan the laser beam across a laser scanned area 3 , 5 and to perform

range measurements along different directions within the laser scanned area. In the

embodiment of Figure 1, range measurements along three different selected

measurement directions 30, 32, 34, 36, 38, 40 on each side of the vehicle are used.

Any suitable laser scanners 6 , 8 can be used, for example Sick (RTM) LMS291-SO5

scanners.

In an alternative embodiment, a plurality of sensors is provided on each side

of the vehicle, each sensor arranged to perform measurments in a respective, fixed

measurement direction.

The arrangement and operation of the laser scanners in determining the

position of the vehicle will be considered in more detail below. Firstly the navigation

system is considered in more detail with reference to Figure 2 .

The navigation system 4 can be placed in any vehicle, such as a car, truck,

bus, or any other moving vehicle. Alternative embodiments can be similarly designed

for use in shipping, aviation, handheld navigation devices, and other activities and

uses.

The navigation system 4 comprises a digital map or map database 134, which

in turn includes a plurality of sets of reference sensor measurement data, also

referred to as landmark data 136.

The navigation system 4 further comprises a positioning sensor subsystem

140, which includes a mix of one or more absolute positioning modules or other

logics 142 and relative positioning modules or other logics 144. The absolute

positioning module 142 obtains data from absolute positioning sensors 146, including

or example GPS or Galileo receivers. This data can be used to obtain an initial

estimate as to the absolute position of the vehicle.

The relative positioning module obtains data from relative positioning sensors

148, in this case the laser sensors 6 , 8 (any other suitable type of sensor can be

used, for example radar, laser, optical (visible) or radio sensors). This data can be

used to obtain the relative position or bearing of the vehicle compared to one or more

landmarks or other features for which the digital map includes sets of landmark

sensor measurement data. Additional relative positioning sensors 150 can also be

provided, for performance of further relative position measurements.



A navigation logic 160 includes a number of additional, optional components.

A selector 162 can be included to select or to match which sets of landmark sensor

measurement data are to be retrieved from the digital map or map database and

used to calculate a relative position for the vehicle. A focus generator 164 can be

included to determine a search area or region around the vehicle centered

approximately on an initial absolute position. During use, a map match can be

performed to identify landmark sensor measurement data within that search area,

and the information about those objects can then be retrieved from the digital map. A

communications logic 166 can be included to communicate information to or from the

navigation system of the vehicle.

A map matching module or other logic 168 can be included to match sensor

measurement data to stored reference sensor measurement data.

A vehicle position determination module or other logic 170 receives input from

each of the sensors, and other components, to calculate an accurate position (and

bearing if desired) for the vehicle, relative to the digital map, and landmarks or other

features. A vehicle feedback interface 174 receives the information about the

position of the vehicle. The information can be used for driver feedback 180 (in

which case it can also be fed to a driver's navigation display 178). This information

can include position feedback, detailed route guidance, and collision warnings. The

information can also be used for automatic vehicle feedback 182, such as brake

control, and automatic vehicle collision avoidance.

The digital map 134 database stores the usual data representing street

layouts, points of interest and a variety of other geographical features including

buildings and other objects. In addition the digital map database stores sensor

measurement data obtained from previous sensor measurements by (in this

example) laser sensors.

Returning to consideration of Figure 1, in operation the laser sensors 6 , 8

transmit laser signals that are reflected by surfaces (for example surfaces of

buildings, walls, signs, trees or other features) and received by the laser sensors.

The laser sensors determine the distance of the surfaces from which the laser

signals are reflected along the selected measurment directions 30, 32, 34, 36, 38, 40

using known techniques and output sensor measurement signals representative of

the determined distances and thus represent the surroundings of the vehicle on the

road. As the vehicle travels, the measurement signal obtained from each of the

sensors 6 , 8 along the measurment directions 30, 32, 34, 36, 38, 40 varies as the

distance from the vehicle to roadside features varies. In the example of Figure 1, the



surfaces on both side of the vehicle are sampled at regular distances to obtain 6

slices (or 4 slices if fewer sensors are provided) of data from each side of a vehicle.

An additional 2 slices of data are obtained from the surface of the road and

from any surfaces (for example the underside of bridges) over the vehicle, by

additional sensors in a variant of the embodiment of Figure 1.

A graph of the measurement data obtained for the measurement directions

30, 36 is shown in Figure 3 . The measurement data obtained for one of the

measurment direction 30 is plotted as the top line in the graph, and the measurement

data obtained for the other measurement direction 36 is plotted as the bottom line of

the graph. The two measurement directions 30, 36 (and the sensors 6 , 8) are at

symmetrical positions and alignments at opposite sides of the vehicle. The

measurment directions and sensors arranged so that a reflecting surface located at

the same vertical height and lateral displacement from the left or right hand side of

the vehicle would be detected by both sensor 6 , 8 . The other pairs of measurement

directions 32, 38 and 34, 10 are arranged in similar fashion but are such as to scan

different heights to the pair 30, 36.

In the example of Figure 1, the sensor are aligned at an angle to the road

surface. Knowing the height and angle of alignment of the sensors, it is possible to

determine the height above the ground of the surface from which a reflected signal is

received, if desired.

The measurement data obtained from each sensor comprise 1-dimensional

signals (in this case distance of to a roadside object or other reflecting surface)

recorded as function of time or distance (for example, distance along a route), which

can provide for reduced data storage capacity requirements, and relatively fast

processing.

The measurement data obtained from each of the sensors is compared to

stored sensor measurement data to determine whether the sensor measurement

signals match the stored reference measurement data, also referred to as landmark

data, in a positioning process. The positioning process is illustrated in overview in

the flow chart of Figure 4 .

The goal of the positioning is to find a correlation between the continuously

acquired set of measurement data from the vehicle sensors and landmark

measurement data stored in the database and then compute the relative position of

vehicle against the landmark from position data for the landmark stored in the

database 134. As the vehicle surroundings are sampled by the laser sensors 6 , 8 ,

with centimetre level resolution the correlation procedure can enable the



determination of relative position of measured signals (and thus the vehicle) against

landmark signals from the database with high (ADAS compliant) longitudinal

accuracy.

An initial determination of vehicle position can be obtained from, for example,

GPS measurements or a localization system based on cellular network. That initial

positioning procedure reduces the area of possible locations of the vehicle and

allows the selection of limited number of sets of landmark measurement data for use

in comparison with a user vehicle's measurement data to obtain a more accurate

position of the vehicle.

Usually for each of the sensors 6 , 8 and measurement directions the

measurement data obtained for that sensor is compared to the landmark

measurement data obtained for a corresponding sensor and measurement direction,

and if the measurement data for each of the sensors are found to match the

landmark measurement data then the position of the vehicle can be determined from

position data for the landmark stored in the database 134. In one mode of operation

a correlation procedure is used to determine whether there is a match between

measurement signals from a sensor and stored landmark measurement signals from

corresponding sensor. Any suitable correlation procedure, or any other suitable type

of signal matching procedure, can be used.

The results of a correlation procedure are illustrated in Figure 5 , which

includes three graphs.

The top graph is a plot of a set of stored landmark sensor measurement data

obtained by one laser sensor of a reference vehicle as a function of travel distance

(or time).

In operation, a rolling window of live measurement data for each sensor of the

vehicle 2 is maintained by the map matching module 168. Each new measurement

by the sensor causes the window of measurement data to be updated on a first-in-

first-out basis. The middle graph is a plot of a window of sensor measurement data

as a function of longitudinal travel distance (or time) at three different vehicle

positions (or times), by way of example.

Each time the window of live measurement data is updated with new sensor

measurement data, the map matching module 168 performs a correlation procedure

by calculating the value of a correlation function correlating the set of stored

landmark sensor measurement data with the window of live measurement data.

The bottom graph is a plot of the value of the correlation function as a

function of position of the vehicle 4 . In this example, a maximum value of the



correlation function at a longitudinal travel distance of x=79. The maximum value of

the correlation function is greater than a predetermined threshold and thus in this

example it is determined that the measurement data successfully matches the stored

landmark measurement data. The location of the vehicle 4 for which the maximum of

the correlation value was obtained is determined to be the stored location associated

with the stored landmark sensor measurement data (in this example, the location of

the reference vehicle when the landmark sensor measurement data was originally

recorded by the reference vehicle).

Usually a similar correlation procedure to that described in relation to Figure 5

is performed for each of the sensors and selected measurement directins. If the

correlation between the window of sensor measurement data and corresponding

stored landmark sensor measurement data is greater than the predetermined

threshold for each of the sensors then it is determined that there is a match between

the sensor measurement data and the stored landmark sensor measurement data.

In some cases, measurement data from one or more of the sensors can be

distorted, for example due to the presence of a parked vehicle or a pedestrian. In

some embodiments the map matching module 168 is configured to determine

whether there are anomalies in the correlation results for any of the sensors, and if

one or more of the sensors seem to be providing anomalous results, to ignore the

data those results in determining whether there is a match with the stored landmark

measurement data. Thus, if a parked vehicle or pedestrian interferes with the

measurements for a sensor and measurement direction, the map matching module

168 is able to ignore the data affected by the parked vehicle or pedestrian and still

conclude that there is a match to the stored landmark measurement data. As scans

are being performed at different heights (see for example Figure 1) in practice it is

likely that even if the measurements of some of the sensors are affected by the

presence of extraneous objects such as parked vehicles or pedestrians other of the

sensors will be unaffected, providing for a robust procedure.

In practice it is likely that the stored landmark measurement data and the live

measurement data will have been registered by vehicles travelling at different speeds

and thus the distance to time scale factor could be different for the landmark signals

and the actual signals (effectively, one could be stretched or compressed with

respect to the other). In such cases, the map matching module 168 is operable to

apply speech recognition based techniques, for example Dynamic Time Wrapping

(DTW) techniques, or other techniques that allow for the stretching or compression of



signals, and allows different length signals (for example signals obtained from

vehicles travelling at different speeds) to be compared.

In the embodiment of Figure 1, the measurement data is compared directly to

corresponding, stored measurement data of the same or similar type (for example

obtained using the same or similar types of sensors). The procedure does not

require any information concerning the objects from which the measurement data

has been obtained (for example whether it is a sign or a building) and indeed a set of

landmark sensor measurement data can include data from several different objects

or types of object (for example a set of landmark measurement data might include

data obtained from a sign and several buildings or parts of buildings).

Thus, the generation and storage of landmark data (described in more detail

below) can be a relatively simple, automated procedure dependent on the nature of

the measurement signals themselves, and does not require complex or manual

processing to determine the identity and nature of objects for storage in the

database. Furthermore, in the embodiment of Figure 1, the processing of

measurement signals from vehicle sensors during normal operation does not require

an intermediate processing step to determine the identity and nature of objects from

which the signals are obtained, instead the signals can be compared directly to the

previously obtained measurement data.

In the example illustrated in Figure 5 , the amplitude of the measurement

signals are offset by an offset amount before performing the correlation procedure.

For example, the range measurements by the laser sensor may be offset, so that the

first measurement of the window has a value equal to zero or equal to a

predetermined value (for example equal to the corresponding value of the set of

landmark measurement data). Alternatively the range measurements by the laser

sensor for may be offset so that the average amplitude across the window is equal to

the average amplitude of the stored landmark measurement signal.

A s the amplitude of signal is proportional to distance from car to the

environment element (for example, buildings, trees, signs) the relation of the

amplitude of correlated signals from opposite sides of vehicle and landmark signals

allows the computing of the relative lateral position of vehicle against the landmark.

For example, in a further process performed by the map matching module 168, the

offset amplitudes for the measurement signal can be used to determine a lateral

position of the vehicle (for example, a lateral position of the vehicle relative to the

centre line of the road), as described with reference to Figures 6a and 6b.



In the example of Figure 6a, the vehicle 4 is travelling along a carriageway of

a road 200, offset by a lateral position y from the centre line 201 of the road. In this

case, data from a single pair of sensors 6 , 12 symmetrically positioned and aligned

on the left and right hand sides of the vehicle is considered. The lines 202, 203

indicate the lines along which range measurements are performed by the sensors 6 ,

12. The positions on the surroundings of the vehicle (in this case buildings 204, 206,

208, 210, 212, 214, 216) to which the sensors have performed range measurements

for a time window as the vehicle 4 has travelled along the road are indicated by

dotted lines on the surroundings.

The range measurements by the sensors 6 , 12 for the time window are

plotted in Figure 6b as dotted lines 220, 222. The centre line of the graph represents

zero distance from the centre line 201 of the road, with positive distances (above the

centre line of the graph) representing distances to the right of the centre line 201 and

negative distances (below the centre line) representing distances to the left of the

centre line 201 .

The stored landmark measurements for sensors corresponding to sensors 6 ,

12 are plotted as solid lines 224, 226 in Figure 6b. The stored landmark

measurements are representative of the measurements obtained from a vehicle

travelling along the centre line of the road 201 . It can be seen in Figure 6b that the

measurements 220, 222 by the sensors 6 , 12 correlate well with the stored landmark

measurements 224, 226, but that there are offsets between the measurements 220,

222 and the stored landmark measurements 224, 226. Those offsets correspond to

a lateral offset of the vehicle 4 from the centre line of the road, and are used by the

map matching module 168 to determine that lateral offset.

The length of the time (or distance) window used for a particular landmark in

the database can be selected in dependence on, for example, properties of the road

or surroundings. For example a longer window may be used for landmarks on a

relatively fast route with relatively unchanging surroundings (for example on a

motorway) and a shorter window may be used for landmarks on a route in an urban

environment, with varied surroundings and slower vehicle speeds.

Further consideration is now given to the gathering and selection of the

reference landmark measurement data. It is a feature of the described embodiment,

that such landmark data can be generated, selected and stored in an automatic

procedure.

In one mode of operation one or more survey vehicles 300 equipped with

laser scanners are used to gather initial reference landmark measurement data. In



order for the positioning system to work for a user vehicle, the navigation system

installed in the vehicle needs to contain, or have access to, a database 134 of

reference landmark measurement data and a first version of database 134 is usually

built before navigation devices are made available to users.

Figures 5a and 5b show two examples of survey vehicles equipped with laser

scanner devices 302, 304, 306, 308, 3 10 . Each of the laser scanner devices can

include one or more laser sensors having a selected arrangement. The laser

scanner devices on the survey vehicle are usually of the same or similar type and in

the same or similar arrangement as laser sensors on user vehicles. For example, in

a further embodiment the laser sensors are in substantially the same arrangement on

the survey vehicle as in the user vehicle of Figure 1.

The measurements by the laser sensors of the survey vehicle can be

processed using substantially the same methods, algorithm and rules as are used by

laser sensors of user vehicles, for example so that measurements by the survey

vehicle and a user vehicle in substantially the same locations would produce sensor

measurement data having substantially the same form and amplitude.

In the process of landmark generation the continuous signals from the laser

scanner devices of the survey vehicle are converted into sets of 1-dimensional

signals (as a function of distance of time) and analysed using a constant length time

window.

Portions of the signals are selected and stored as sets of reference landmark

measurement data (one sub-set of data from each laser sensor and/or measurement

direction). Each set of reference landmark measurement data is stored with spatial

location data representative of the vehicle location at which the data was obtained,

for example X, Y, Z attributes defining geographic position with ADAS-compliant

accuracy. Each set of reference landmark measurement data can be stored in the

database 134 with such geo-reference or other location information as a landmark.

As already mentioned above, there is no need to know what is represented by

a landmark. However in the embodiment of Figure 1, the measurement signals that

are stored as landmark reference measurement signals are selected so that

properties of the signals themselves meet certain predetermined criteria. For

example, measurement signals are selected that are distinctive and distinguishable

from signals obtained from neighbouring locations.

In one example, the measured sensor signal across a time or distance

window selected for storage as reference measurement data is variable and the size

of nature of the variability is different at different points across the time or distance



window. It has been found that in practice suitable signals can be obtained from

areas that include one or more of:- a corner of a building, a tree, a lamp, a column or

a road sign. However, there is no need to determine the source of suitable signals,

instead the signals can be selected automatically in dependence upon the signal

properties themselves.

Any suitable signal processing techniques can be used to select the sensor

signals to be used as reference landmark measurement data. In one example, sets

of sensor signals provide different slopes and/or Dirac impulse function-like features

are identified and selected. Such signal features can be identified and analyzed

using for example Short Time Fourier Transform (STFT) or wavelet signal analysis.

In one mode of operation signals are selected for use as landmarks if the

spectrogram of the signals contain at least two modes with different frequency

characteristics, for example at least two isolated frequency modes as a function of

time.

Figure 7a shows measurement data from a single sensor and measurment

direction, as a plot of range measurement as a function of time (or distance in the

direction of vehicle travel). The measurement data could for example represent

range measurements to a building elevation, building corner, and a post or trunk

(represented by the short impulse towards the right hand side of the plot). A

spectrogram of the measurement data of Figure 7a is provided in Figure 7b and

shows frequency characteristic changes with time. It can be seen that three distinct

and separated peaks in the frequency spectrum are obtained, making the

measurement data suitable for use in a set of reference landmark signals.

Usually the measurement data from each of the sensors and/or measurement

directions for the window is analysed and if the measurement data satisfies the

predetermined or otherwise selected criteria, then the set of measurement data is

used as a set of landmark measurement data. The process of spectral analysis can

be performed successively or substantially simultaneously on signals from different

sensors (different slices) and the signals from all sensors (all slices) should meet the

requirements.

In one mode of operation, a set of landmark measurement data is selected for

each selected length of road, and the sets of landmark measurement data may be

obtained from roughly equally spaced locations along the length of road. The system

may be configured so that more, or more closely spaced, landmarks are provided in

the database for busier areas or areas with more junctions (for example in urban



areas) and fewer landmarks are provided in the database for lengths of roads with

fewer or no junctions (for example stretches of motorway).

Once the system has been deployed to users, the maintenance of the

landmark database can be performed in two different ways. Firstly, survey vehicles

such as those used for initial database build can be used to confirm or update

landmark data.

Secondly measurement data recorded by sensor devices installed in users'

vehicles can be used to update the database. As each user device/vehicle will be

equipped with required sensors and will perform detection and positioning tasks that

are similar or identical to those that were used to create the database, the results of

such tasks can be transferred back to a database production unit (for example, at a

central server) and used to update the database. The updated database or updated

entries in the database can subsequently be provided by the server to user devices.

The data may be sent to the central server via wired or wireless

communication. For instance, many portable navigation devices can be docked in a

PC or other computer docking station allowing transfer of data with a central server

via an internet connection to the PC or other computer, and providing for software,

map and database updates or installations. Similar transfers of data and updates or

installations can be provided via a wireless internet connection if the user's system is

wirelessly enabled.

There are various scenarios with regard to the use of user data with regard to

the database, for example:-

1) The result of the calculations on the user device is similar to the

signatures stored in landmark database - this means that probably there is no

change in the area

2) The result of the processing by the user device differs from the

signatures stored in the landmark database - this difference may reflect a temporary

or permanent change in the configuration of landmark in the area. The recorded

signals are provided with the time of recording and then reported to a database

production unit, for example at a central server. Having a number of such records

from different users spread over time allows a decision to be made (either

automatically or by a user) as to whether the change in the landmark was temporary

or permanent. If the change seems to be permanent then the landmark data can be

amended by the server and the amended landmark data distributed to user devices.

The landmark data can be amended based upon the user data or a survey vehicle

can be sent to remeasure the landmark to provide the amended data.



A skilled person will appreciate that variations of the disclosed arrangements

are possible without departing from the invention.

For example, although the above embodiments have been described in

relation to a general navigation device, it will be appreciated that the invention may

be applicable to a wide range of mapping and/or navigation applications. For

example, the application may be used in relation to a mapping system running on a

personal computer, laptop, PDA, mobile phone or other device with computational

functionality, for example, akin to systems that provide applications such as Google

(RTM) maps, Bing (RTM) maps, OVI (RTM) maps or the like.

Furthermore, it will be appreciated that although certain process steps may be

described as being performed by a processing resource on a navigation device or a

server, it will be appreciated that some or all of the processing may be performed on

the navigation device or the server or split in any way between the two (or other)

resources.

Alternative embodiments of the invention can be implemented as a computer

program product for use with a computer system, the computer program product

being, for example, a series of computer instructions stored on a tangible data

recording medium, such as a diskette, CD-ROM, ROM, or fixed disk, or embodied in

a computer data signal, the signal being transmitted over a tangible medium or a

wireless medium, for example, microwave or infrared. The series of computer

instructions can constitute all or part of the functionality described above, and can

also be stored in any memory device, volatile or non-volatile, such as semiconductor,

magnetic, optical or other memory device.

It will also be well understood by persons of ordinary skill in the art that whilst

the preferred embodiment implements certain functionality by means of software, that

functionality could equally be implemented solely in hardware (for example by means

of one or more ASICs (application specific integrated circuit)) or indeed by a mix of

hardware and software. As such, the scope of the present invention should not be

interpreted as being limited only to being implemented in software.

It should also be noted that whilst the accompanying claims set out particular

combinations of features described herein, the scope of the present invention is not

limited to the particular combinations hereafter claimed, but instead extends to

encompass any combination of features or embodiments herein disclosed

irrespective of whether or not that particular combination has been specifically

enumerated in the accompanying claims at this time.



It will be understood that the present invention has been described above

purely by way of example, and modifications of detail can be made within the scope

of the invention.

Each feature disclosed in the description, and (where appropriate) the claims

and drawings may be provided independently or in any appropriate combination.



Claims

1. A vehicle navigation or mapping system comprising:-

at least one sensor located on or in a vehicle and configured to perform

measurements to obtain sensor measurement data;

a data store for storing reference sensor measurement data; and

a processing resource configured to determine whether the sensor

measurement data matches the reference sensor measurement data and, if the

sensor measurement data matches the reference sensor measurement data, to

determine a relative or absolute spatial location of the vehicle from stored location

data associated with the stored reference sensor measurement data.

2 . A system according to Claim 1, wherein the reference sensor measurement

data comprises measurement data previously obtained using at least one sensor of

substantially the same type as the at least one sensor located on or in the vehicle.

3 . A system according to Claim 1 or 2 , wherein the reference sensor

measurement data comprises 1-dimensional sensor measurement data as a function

of position or time.

4 . A system according to any preceding claim, wherein each set of sensor

measurement data comprises sensor measurement data obtained from a range of

positions, for example a range of positions in the direction of travel of the vehicle.

5 . A system according to any preceding claim, wherein the at least one sensor is

arranged to perform measurements at different sides of the vehicle and/or to perform

measurements at different heights.

6 . A system according to Claim 5 , wherein the plurality of sensors comprises at

least one pair of sensors, the pair of systems being located and/or aligned

symmetrically on each side of the vehicle.

7 . A system according to any preceding claim , wherein each set of

measurement data comprises a plurality of sub-sets of sensor measurement data,



the sub-sets of sensor measurement data representing measurements at different

vertical positions, for example different heights relative to a roadway.

8 . A system according to any preceding claim, wherein the processing resource

is adapted to determine further spatial location data from the vehicle by comparing at

least one further property of the sensor measurement data with at least one further

property of reference sensor measurement data that has been determined to match

the sensor measurement data.

9 . A system according to Claim 8 , wherein the at least one further property

comprises an amplitude of the sensor measurement data and the matching reference

sensor measurement data.

10. A system according to Claim 8 or 9 , wherein the at least one further property

comprises a plurality of relative amplitudes of the sensor measurement data and the

matching reference sensor measurement data, different ones of the relative

amplitudes being for measurements on different sides of the vehicle.

11. A system according to any preceding claim, wherein the reference sensor

measurement data complies with at least one distinctiveness criterion.

12. A system according to any preceding claim, further comprising means for

receiving sensor measurement data from a plurality of vehicles, and amending the

reference sensor measurement data in dependence on the sensor measurement

data from a plurality of vehicles.

13. A system for selecting sensor measurement data comprising a processing

resource adapted to receive sensor measurement data obtained from at least one

sensor located on or in a vehicle, the processing resource being adapted to

determine whether data matches at least one distinctiveness criterion, and to store

sensor measurement data that matches the at least one distinctiveness criterion as

reference sensor measurement data.

14. A system according to Claim 13, wherein the processing resource is arranged

to received sensor measurement data from a plurality of vehicles, and to amend the



stored reference sensor measurement data in dependence on the sensor

measurement data received from the plurality of vehicles.

15. A method of vehicle navigation or mapping comprising:-

performing vehicle sensor measurements to obtain sensor measurement

data;

determining whether the sensor measurement data matches stored sensor

measurement data; and

if the sensor measurement data matches the stored sensor measurement

data, determining a relative or absolute spatial location of the vehicle from stored

spatial location data associated with the stored sensor measurement data.

16. A method of selecting sensor measurement data comprising receiving sensor

measurement data obtained from at least one sensor located on or in a vehicle,

determining whether the sensor measurement data matches at least one

distinctiveness criterion, and storing sensor measurement data that matches the at

least one distinctiveness criterion as reference sensor measurement data.

17. A computer program product comprising computer readable instructions that

are executable to perform a method according to Claim 15 or 16.

18. A computer program product comprising a database storing at least one set

of reference sensor measurement data obtained from at least one sensor located on

or in a vehicle, the at least one set of reference sensor measurement data complying

with a distinctiveness criterion.
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