>0
-O
N

>

wO 2007101724 A2 |0 00O 000 O

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

(19) World Intellectual Property Organization f ‘1“1‘

) IO O T T O 00

International Bureau

(43) International Publication Date
13 September 2007 (13.09.2007)

(10) International Publication Number

WO 2007/101724 A2

(51) International Patent Classification: Not classified

(21) International Application Number:
PCT/EP2007/002187

8 March 2007 (08.03.2007)
English
English

(22) International Filing Date:
(25) Filing Language:

(26) Publication Language:
(30) Priority Data:

0604709.6 8 March 2006 (08.03.2006) GB
0604708.8 8 March 2006 (08.03.2006) GB
0604710.4 8 March 2006 (08.03.2006) GB
0604704.7 8 March 2006 (08.03.2006) GB
0604706.2 8 March 2006 (08.03.2006) GB

(71) Applicant (for all designated States except US): TOM-
TOM INTERNATIONAL B.V. [NL/NL]; Rembrandt-
plein 35, NL-1017 CT Amsterdam (NL).

(72) Inventor; and

(75) Inventor/Applicant (for US only): DEURWAARDER,
William [NL/NL]; TomTom International B.V., Rem-
brandtplein 35, NL-1017 CT Amsterdam (NL).

(74) Agent: EISENBERG, Jacob; TomTom International
B.V., Rembrandtplein 35, NL-1017 CT Amsterdam (NL).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EFE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ,
NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU,
SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]
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(57) Abstract: A portable
navigation device comprises an
accelerometer, a GPS receiver,
and a calibration module The
calibration module  generates
calibration parameters that
enable acceleration data from the
accelerometer to be accurately
converted into speed and heading
data and integrated over time to
give distance data The calibration
parameters are calculated from
GPS derived speed and heading
data and resolve or otherwise
compensate for (i) the attitude of
the portable device with respect to
the horizontal plane ("pitch") and
(ii) the angle between the forward
direction of the device and the
driving direction of a vehicle the
device is mounted in ("yaw")
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PORTABLE NAVIGATION DEVICE WITH ACCELEROMETER

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a portable navigation device comprising an accelerometer, a GPS
receiver, and a calibration module. The calibration module generates calibration parameters
that enable acceleration data from the accelerometer to be accurately converted into speed
and heading data and integrated over time to give distance data. The term GPS refers to

the GPS satellite navigation system, and any equivalent or similar system, such as Galileo.

2. Description of the Prior Art

It is well known to integrate GPS with dead reckoning systems and for the GPS to be used
to calibrate the output from the dead reckoning sensors. Reference may be made to
“Integratdon of GPS and Dead-Reckoning Navigation Systems” by Wei-Wen Kao, Vehicle
Navigation & Information Systems Conference Proceedings P-253 ISBN 1-56091-191-3.
The basic approach there is to use the absolute position accuracy of GPS to provide
feedback signals to correct the dead-reckoning errors, while the smoothness and constant
availability of the dead-reckoning signals are used to correct GPS position errors (e.g. due
to multipath propagation and the selective availability that was imposed at the time the
paper was written, 1991). Later systems were designed to correct for the inclination
(‘pitch’) and tilt (‘roll’) in embedded or built in automotive systems; reference may be made
to EP 1096230, which is also helpful in providing a detailed background. The contents of

this publication are mcorporated by reference.

However, most current generation automotive navigation devices are not embedded
systems at all, but instead portable systems. These pose significant challenges because they
are typically removably mounted on suction mounts against the vehicle windshield. These
devices are therefore rarely fixed with the same orentation (i.e. pitch, roll or yaw) and in

fact any of these factors can alter even during a drive.
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SUMMARY OF THE INVENTION

The invention is a portable navigation device comprising an accelerometer, a GPS
receiver, and a calibration module. The calibration module generates calibration
parameters that enable acceleration data from the accelerometer to be accurately
converted into speed and heading data, in which the calibration patametets are calculated
from GPS dernived speed and heading data and resolve or otherwise compensate for (i)
the attitude of the portable device with respect to the horizontal plane (‘pitch’) and (i)
the angle between the forward direction of the device and the driving direction of a

vehicle the device is mounted in (‘yaw’).

The angle between the forward direction of the device and the driving direction of the
vehicle the device is mounted in (i.e. ‘yaw’) can be altered at any time by a user of the
device and the calibration module will automatically calculate calibration parameters that
resolve or otherwise compensate for this changed angle. Modelling yaw is important but
ptiot art systems concentrated on compensating for just pitch and roll, principally
because they wete focussed on embedded systems. But for portable navigation systems,

yaw is a surprisingly important attribute to resolve.

In one implementation, the device calculates calibration parameters for each successive
valid GPS-derived speed and heading fix. The device then stores the calculated
calibration parameters, and clears any stored calibration parameters that are of more than

a predefined age (e.g. 5 seconds old).

Unlike typical prior art system that combine GPS and dead-reckoning systems at the
same time, the device may determine its position exclusively using data derived from the
accelerometer if the GPS signal is lost and valid calibration parameters are available;

when a GPS fix is available, then no assistance from the accelerometer is provided.

In operation, one implementation stores a predefined number of samples of speed and
heading calibration parameters together with time and accelerometer data. The device
checks that at least n seconds of data is stored and then compares stored GPS and
accelerometer data for each n second epoch is compared against thresholds of speed and

age.
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The portable navigation device can be a touch-screen controlled automotive navigation
device. This can be removably mounted onto a vehicle windscreen using a suction

5 mount. It could also be a handheld device, and may also operate as a mobile telephone.
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