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Description

RELATED APPLICATIONS

[0001] Not applicable

FIELD

[0002] This disclosure relates generally to apparatus
and methods for providing in-vehicle navigational guid-
ance. More particularly, the disclosure relates to a per-
sonal navigation device (PND) and methods of use for
improved detection of an un-calibrated in-vehicle refer-
ence frame such that more accurate and real-time nav-
igational information may be provided for guiding a mov-
ing vehicle from its current location to a destination.

BACKGROUND

[0003] Devices for in-vehicle navigational guidance to
assist a driver traveling by vehicle from a current location
of the vehicle to a desired destination have become an
essential feature in modem vehicles. Such devices elim-
inate the burden of pre-planning or manual mapping of
a driving route from a starting location to a desired des-
tination. For example, U.S. Publ. 2010/0030471 (titled
"Position detecting apparatus and method used in navi-
gation system" to Watanabe et al. and published on Feb-
ruary 4, 2010) describes a position detecting apparatus,
used in a navigation system for detecting a vehicle posi-
tion, including an acceleration sensor, an angular velocity
sensor and a dead reckoning calculating unit. Also see
U.S. Publ. 2009/0115656 (titled "Systems and Methods
for Global Differential Positioning" to Raman and Garin
and published on May 7, 2009), which shows a device
having micro-electromechanical system (MEMS) sen-
sors, such as accelerometers and gyroscopes. The ap-
paratus may be used as part of an in-vehicle navigational
system to guide driving of a vehicle from a starting loca-
tion to a desired destination. If not fixed to the vehicle,
dead reckoning based on acceleration and angular ve-
locity sensor measurements may become unreliable
each time the apparatus moves in relation to the vehicle.
Once moved, the dead reckoning calculations are based
on sensor measurements from an unknown reference
system.
[0004] The present disclosure provides aspects of im-
proved apparatus and methods of accurate real-time
navigational guidance for driving a vehicle from a current
location to a desired destination and for detecting when
sensor measurements become un-calibrated due to
movement of the apparatus with respect to the vehicle.At-
tention is drawn to document WO 2009/006341 A1 de-
scribing compensating for the misalignment of a naviga-
tion device with respect to a vehicle. The compensation
is made by applying a high pass filter to a measured
acceleration of the vehicle to produce a motion acceler-
ation signal, weighting the motion acceleration signal with

a measured steering rate of the vehicle, and deriving mis-
alignment parameters for the navigation device with re-
spect to the vehicle using the weighted motion acceler-
ation signal.
[0005] Attention is also drawn to the document JP 2008
076374 A, which sets out to shorten the time from turning-
on the power supply to indicating a present position. In
said context said document describes that when a nav-
igation system is in a static state and is mounted on a
cradle, a terrestrial magnetism value, position informa-
tion and directional information are stored in the system
by an environmental information processing section.
When the power supply is turned on from an operation
halt to start, the system is fitted to a cradle. When the
system is in a static state and a difference between the
terrestrial magnetism value and the current terrestrial
magnetism value is less than a predetermined value, it
is judged that the surrounding environment is not
changed. The position information and the directional in-
formation that have been stored in the memory section
before the power supply is turned off are restored as the
current position information and directional information.
Thus, the current position can be recognized immediately
after the power supply is turned on.
[0006] Finally, attention is also drawn to the document
JP 2009 281967 A. Said document addresses the prob-
lem to provide a navigation apparatus displaying traffic
information on a displaying means only when placed on
vehicles. The problem is solved by providing an naviga-
tion apparatus which includes an actual location detect-
ing means receiving radio wave from GPS satellites at
each regular hour to detect the actual location, a receiving
means receiving traffic information containing at least
traffic congestion information, a displaying means, and
a controlling means displaying traffic information on the
displaying means. In said apparatus the control means
computes migration speed of the navigation apparatus
based on the actual locations detected with the actual
location detecting means in order to display traffic infor-
mation on the displaying means when the migration
speed computed is determined to be faster than a pre-
determined speed.

SUMMARY OF THE DISCLOSURE

[0007] In accordance with the present invention an in-
vehicle personal navigation apparatus and a method for
reacting to relative reorientation as set forth in the inde-
pendent claims, are provided. Embodiments of the in-
vention are claimed in the dependent claims.
[0008] Disclosed is an apparatus and method for de-
tection of an un-calibrated in-vehicle reference frame
such that real-time inaccurate navigational information
is not used when guiding a moving vehicle.
[0009] According to some aspects, disclosed is an in-
vehicle personal navigation apparatus, wherein the ap-
paratus comprises a personal navigation device (PND)
for providing navigational guidance information to a driver
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for driving a vehicle from its current location to a desired
destination. The PND may include an interface to mov-
ably couple the PND to a mount structure, wherein the
mount structure includes a magnet to generate a mag-
netic field. The PND may also include a processor to
provide navigation data and an inertial sensor that is cou-
pled to the processor, wherein the inertial sensor gener-
ates inertial sensor measurements to the processor. The
PND may further include a magnetic sensor that is cou-
pled to processor and is positioned in the PND to sense
the magnetic field generated by the magnet in the mount
structure, wherein the magnetic sensor provides mag-
netic sensor measurements to the processor.
[0010] According to some aspects, disclosed is a meth-
od for reacting to a relative reorientation between a per-
sonal navigation device (PND) and a mount structure.
The method may include coupling the PND to the mount
structure, receiving initial magnetic sensor measure-
ments of a magnetic field from the mount structure, and
generating a reference value based on initial magnetic
sensor measurements. The method may also include re-
ceiving inertial sensor measurements, computing navi-
gation data based on the inertial sensor measurements.
The method may further include reorienting the PND rel-
ative to the mount structure, receiving additional mag-
netic sensor measurements, detecting a difference be-
tween a value based on the additional
magnetic sensor measurements and the reference val-
ue, and triggering an action in the PND based on the
difference.
[0011] According to some aspects, disclosed is an in-
vehicle personal navigation apparatus, wherein the ap-
paratus comprises a personal navigation device (PND)
for providing navigational guidance information to a driver
for driving a vehicle from its current location to a desired
destination. The PND may include means for coupling
the PND to a mount structure, means for receiving initial
magnetic sensor measurements of a magnetic field from
the mount structure, and means for generating a refer-
ence value based on initial magnetic sensor measure-
ments. The PND may also include means for receiving
inertial sensor measurements, means for computing nav-
igation data based on the inertial sensor measurements.
The method may further include means for receiving ad-
ditional magnetic sensor measurements, means for de-
tecting a difference between a value based on the addi-
tional magnetic sensor measurements and the reference
value, and means for triggering an action in the PND
based on the difference.
[0012] According to some aspects, disclosed is com-
puter-readable medium including program code stored
thereon for an in-vehicle personal navigation comprising
a personal navigation device (PND), the program code
comprising program code for receiving initial magnetic
sensor measurements of a magnetic field from the mount
structure, and program code for generating a reference
value based on initial magnetic sensor measurements.
The program code may also include program code for

receiving inertial sensor measurements, program code
for computing navigation data based on the inertial sen-
sor measurements. The program code may further in-
clude program code for reorienting the PND relative to
the mount structure, program code for receiving addition-
al magnetic sensor measurements, program code for de-
tecting a difference between a value based on the addi-
tional magnetic sensor measurements and the reference
value, and program code for triggering an action in the
PND based on the difference.
[0013] According to some aspects, disclosed is a per-
sonal navigation device (PND) for in-vehicle personal
navigation comprising a processor and memory, wherein
the memory comprises program code for receiving initial
magnetic sensor measurements of a magnetic field from
the mount structure, and program code for generating a
reference value based on initial magnetic sensor meas-
urements. The program code may also include program
code for receiving inertial sensor measurements, pro-
gram code for computing navigation data based on the
inertial sensor measurements. The program code may
further include program code for reorienting the PND rel-
ative to the mount structure, program code for receiving
additional magnetic sensor measurements, program
code for detecting a difference between a value based
on the additional magnetic sensor measurements and
the reference value, and program code for triggering an
action in the PND based on the difference.
[0014] According to some aspects, disclosed is a per-
sonal navigation device (PND) for providing navigational
guidance information to a driver for driving a vehicle from
its current location to a desired destination. The PND
may include a three-dimensional magnetic sensor to gen-
erate magnetic sensor measurements. The PND may
also include a magnetic calibration module, coupled to
the three-dimensional magnetic sensor, comprising a
distant magnetic field value representing Earth’s mag-
netic dipole and based on the magnetic sensor meas-
urement, and an ambient magnetic field value represent-
ing immediate surroundings of the PND and based on
the magnetic sensor measurements. The PND may fur-
ther include an inertial sensor to generate inertial sensor
measurements and an inertial calibration module cou-
pled to the inertial sensor and coupled to receive the am-
bient magnetic field value from the magnetic calibration
module. The inertia calibration module comprises a rec-
alibration output signal based on a change in the ambient
magnetic field value, and a navigation module coupled
to the inertial sensor and comprising navigation output
data based on the inertial sensor measurements.
[0015] According to some aspects, disclosed is a meth-
od for computing navigation data in a personal navigation
device (PND), the method includes generating three-di-
mensional magnetic sensor measurements, determining
a distant magnetic field value representing Earth’s mag-
netic dipole based on the magnetic sensor measure-
ments and determining an ambient magnetic field cali-
bration value representing immediate surroundings of
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the PND based on the magnetic sensor measurements.
The method may also include generating inertial sensor
measurements, and computing navigation output data
based on the inertial sensor measurements. The method
may further include reorienting the PND with respect to
its immediate surroundings, determining a difference be-
tween an updated ambient magnetic field value and the
ambient magnetic field calibration value, and computing
navigation output data without the inertial sensor meas-
urements based on the difference.
[0016] According to some aspects, disclosed is a meth-
od in a personal navigation device (PND), the method
comprising: generating three-dimensional magnetic sen-
sor measurements; determining a translation matrix to
convert ellipsoid magnetic sensor measurements to
spherical calibrated magnetic sensor measurements; de-
termining a reference value from a magnitude of the cal-
ibrated magnetic sensor measurements; generating in-
ertial sensor measurements; computing navigation out-
put data based on the inertial sensor measurements;
comparing a magnitude of the calibrated magnetic sen-
sor measurements to the reference value to set a com-
parison result; and computing navigation output data
without the inertial sensor measurements based on the
comparison result.
[0017] According to some aspects, disclosed is a meth-
od in a personal navigation device (PND), the method
comprising: generating three-dimensional magnetic sen-
sor measurements; determining a reference ellipsoid
from a magnitude of the calibrated magnetic sensor
measurements; generating inertial sensor measure-
ments; comparing a magnitude of the magnetic sensor
measurements to the reference ellipsoid to set a com-
parison result; and computing navigation output data
without the inertial sensor measurements based on the
comparison result.
[0018] It is understood that other aspects will become
readily apparent to those skilled in the art from the fol-
lowing detailed description, wherein it is shown and de-
scribed various aspects by way of illustration. The draw-
ings and detailed description are to be regarded as illus-
trative in nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIGS. 1A, 1B and 1C illustrate a reference frame of
a vehicle and a reference frame of an in-vehicle per-
sonal navigation device, in accordance with some
embodiments of the present invention.

FIG. 2 illustrates an in-vehicle personal navigation
apparatus, in accordance with some embodiments
of the present invention.

FIG. 3 illustrates a relative orientation of a magnetic
detector and a magnet of an in-vehicle personal nav-

igation apparatus, in accordance with some embod-
iments of the present invention.

FIG. 4 illustrates a graphical plot of magnetic re-
sponse versus rotation angles, in accordance with
some embodiments of the present invention.

FIG. 5 illustrates a block diagram of various compo-
nents of a personal navigation device, in accordance
with some embodiments of the present invention.

FIG. 6 illustrates a flowchart of a process for trigger-
ing an action to realign a reference frame of a per-
sonal navigation device, in accordance with some
embodiments of the present invention.

FIG. 7 illustrates a graphical plot of magnetic re-
sponses, in accordance with some embodiments of
the present invention.

FIG. 8 illustrates an in-vehicle personal navigation
apparatus, in accordance with some embodiments
of the present invention.

FIG. 9 illustrates a block diagram of various compo-
nents of a personal navigation device, in accordance
with some embodiments of the present invention.

FIG. 10 illustrates a flowchart of a process for com-
puting navigation guidance information before and
after reorienting a personal navigation device, in ac-
cordance with some embodiments of the present in-
vention.

FIGS. 11A, 11B and 11C illustrate magnetic field
vectors with respect to a vehicle, in accordance with
some embodiments of the present invention.

FIG. 12 illustrates a calibration module for calibrating
sensed magnetic field values, in accordance with
some embodiments of the present invention.

FIG. 13 illustrates a graphical plot of magnetic field
vectors defining an ellipsoid, in accordance with
some embodiments of the present invention.

FIG. 14 illustrates graphical plots of magnetic field
vectors defining an ellipsoid and calibrated magnetic
field vectors defining a sphere, in accordance with
some embodiments of the present invention.

FIG. 15 illustrates details of magnetic field vector V
and a calibrated magnetic field vector V’, in accord-
ance with some embodiments of the present inven-
tion.
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DETAILED DESCRIPTION

[0020] The detailed description set forth below in con-
nection with the appended drawings is intended as a de-
scription of various aspects of the present disclosure and
is not intended to represent the only aspects in which the
present disclosure may be practiced. Each aspect de-
scribed in this disclosure is provided merely as an exam-
ple or illustration of the present disclosure, and should
not necessarily be construed as preferred or advanta-
geous over other aspects. The detailed description in-
cludes specific details for the purpose of providing a thor-
ough understanding of the present disclosure. However,
it will be apparent to those skilled in the art that the present
disclosure may be practiced without these specific de-
tails. In some instances, well-known structures and de-
vices are shown in block diagram form in order to avoid
obscuring the concepts of the present disclosure. Acro-
nyms and other descriptive terminology may be used
merely for convenience and clarity and are not intended
to limit the scope of the disclosure.
[0021] An in-vehicle personal navigation device (PND)
may be fixedly attached or incorporated to the dash-
board, windshield, or front panel of the vehicle. Such fixed
PNDs provide navigational information to the driver of
the vehicle for driving the vehicle from a current location
to a desired destination. As an added convenience to the
occupants of the vehicle, an in-vehicle PND may be mov-
ably mounted to the vehicle or even detachable from the
vehicle. The driver or passenger of the vehicle may adjust
the position of the PND to obtain a better view of the
display on the PND or to view the navigational information
more clearly. Unfortunately, once rotated, a PND may no
longer generate accelerometer and gyrometer sensor
measurements with respect to a known orientation. That
is, these sensor measurements will be uncorrelated to
the previously determined reference frame of the PND.
[0022] FIGS. 1A, 1B and 1C illustrate a reference
frame 16 of a vehicle 10 and a reference frame 14 of an
in-vehicle personal navigation device (PND 12), in ac-
cordance with some embodiments of the present inven-
tion. In FIG. 1A, a vehicle 10 includes a PND 12, which
is movably mounted to the vehicle 10 on a mount struc-
ture 20. Together, the PND 12 and mount structure 20
form a personal navigation apparatus found in many ve-
hicles. In an initial condition, the reference frame 14 of
the PND 12 may be aligned with the reference frame 16
of the vehicle 10, such that navigational information or
directions is accurately shown on the display of the PND
12. For example, when the vehicle undergoes forward
acceleration, the PND 12 also undergoes forward accel-
eration.
[0023] In FIG. 1B, the position of the PND 12 may be
adjusted by the driver of the vehicle 10 to get a better
view of the display of the PND 12. As the PND 12 is
rotated relative to the vehicle 10, the reference frame 14
is also moved along with the displacement of the PND
12. As a result, the reference frame 14 will not be aligned

with the reference frame 16 of the vehicle 10. Any dead-
reckoning based navigational directions provided by the
PND 12 based on the misaligned reference frame 14 will
be unusable and may cause incorrect information to be
displayed, which may cause the driver to deviate from
an intended driving route.
[0024] In FIG. 1C, the problem is solved by the PND
12 recognizing that the reference frame 14 is misaligned.
Typically, the PND 12 recognizes this misalignment by
comparing inertia measurements to GPS measurements
or by receiving a recalibrate or reset command from the
driver. Once the PND 12 recognizes its reference frame
14 is misaligned, the PND 12 performs a recalibration
operation to realign its reference frame 14 to the refer-
ence frame 16 of the vehicle 10. After recalibration, po-
sition changes determined based on dead reckoning
(based on accelerometer and/or gyrometer sensor
measurements) will be usable again.
[0025] FIG. 2 illustrates an in-vehicle personal naviga-
tion apparatus 40, in accordance with some embodi-
ments of the present invention. The in-vehicle personal
navigation apparatus 40 includes the PND 12 and mount
structure 20. The PND 12 includes an interface to mov-
ably couple the PND 12 to the mount structure 20. This
interface acts as a means for coupling the PND 12 to a
mount structure 20. The mount structure 20 includes a
magnet 26 that generates a magnetic field 30 and a sur-
face interface element 22 for coupling the mount struc-
ture 20 to a surface 200 of the vehicle 10. The surface
interface element 22 may be a suction cup or glue or the
like that allows the surface interface element 22 to adhere
to the surface 200. The surface 200 may be part of the
vehicle’s dashboard or windshield.
[0026] The mount structure 20 also includes a comple-
mentary interface element to rotatable coupling with the
interface element of the PND 12. The interface element
of the PND 12 and the complementary interface element
of the mount structure 20 (e.g., a ball and socket combi-
nation) may be coupled to form a rotatable connection
24 with one, two or three degrees of rotational freedom.
The mount structure 20 may also allow for translational
movements of the PND 12. In one example, the rotatable
connection 24 may also include a feature (e.g., a trans-
lation guide) to allow the PND 12 to be translated along
one or more axes. In another example, the mount struc-
ture 20 may be constructed of an elastic and deformable
material, such that the mount structure 20 may be ma-
nipulated to allow the PND 12 to be translated in various
directions.
[0027] The PND 12 also includes a magnetic sensor
28 for detecting magnetic field or magnetic flux intensi-
ties. In this embodiment, the mount structure 20 includes
a magnet 26 and the PND 12 includes a magnetic sensor
28. In an alternative example, the mount structure 20
may include the magnetic detector 20, while the PND 12
may include the magnet 26.
[0028] FIG. 3 illustrates the relative orientation of a
magnetic detector 28 and a magnet 26 of an in-vehicle
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personal navigation apparatus 40, in accordance with
some embodiments of the present invention. The mag-
netic sensor 28 and the magnet 26 may be mounted in
the PND 12 and mount structure 20 such that a magnetic
sensitivity axis 34 of the magnetic sensor 28 and the mag-
netic moment 32 of the magnet 26 are skewed from one
another. That is, the magnetic sensitivity axis 34 and the
magnetic moment 32 are non-perpendicular, non-paral-
lel, and non-intersecting for the range of rotational free-
dom between the PND 12 and the mount structure 20.
[0029] For example, the magnetic sensitivity axis 34
of the magnetic detector 28 may be oriented at a relative
offset 36 to the magnetic moment 32 of the magnet 26.
The relative offset 36 defined as the shortest line between
(or equivalently, the closest points) of two lines: an im-
aginary line extending from the magnetic sensitivity axis
34 and an imaginary line extending from the magnetic
moment 32. The relative offset 36 may be comprised of
space or distance offset and angular offset. For instance,
the magnetic sensitivity axis 34 may be spaced apart
from the magnetic moment 32 to from a relative offset 36
of 3 millimeters (mm) to 9 mm. In one embodiment, the
magnetic sensitivity axis 34 may be spaced apart from
the magnetic moment 32 by approximately 6 mm. The
magnetic sensitivity axis 34 may be located at about 9
mm from the rotatable connection 24 and the magnetic
moment 32 may be located at about 3 mm from the ro-
tatable connection 24. In addition, the angular offset be-
tween the magnetic sensitivity axis 34 and the magnetic
moment 32 may be define an angle of 1-14 degrees on
a horizontal axis and 1-20 degrees on a vertical axis. In
one embodiment, the angular offset is 7 degrees on the
horizontal axis and 10 degrees on the vertical axis.
[0030] In some embodiments, the rotatable connection
24 maintains the skewed (non-perpendicular, non-paral-
lel, and non-intersecting) orientation between magnetic
sensitivity axis 34 of the magnetic sensor 28 and the mag-
netic moment 32 of the magnet 26. As the position of the
PND 12 is adjusted (e.g., rotated and/or translated), the
magnetic sensitivity axis 34 of the magnetic sensor 28
sweeps across the magnetic flux lines of the magnetic
field 30 produced by the magnet 26. Movement of the
PND 12 may cause the magnetic sensor 28 to be posi-
tioned either closer or farther away from the magnet 26.
Similarly, the movement of the PND 12 may cause the
angle between magnetic moment axis and magnetic sen-
sitivity axis to vary, thus modifying the response of the
magnetic sensor 28. As such, the magnetic sensor 28
detects either increasing or decreasing magnetic flux am-
plitudes of the magnetic field 30 of the magnet 26 as the
PND 12 is moved. In some embodiments, the magnetic
sensor 28 detects either increasing or decreasing mo-
notonic changes in the magnetic flux amplitude of the
magnetic field 30 as the PND 12 is rotated about a single
axis due to the relative offset orientation of magnetic sen-
sor 28 and the magnet 26.
[0031] FIG. 4 illustrates a graphical plot of magnetic
response versus rotation angles, in accordance with

some embodiments of the present invention. Over a sin-
gle axis of motion, flux measurements monotonically
change as detected by the magnetic sensor 28 as the
PND 12 is rotated about an X-axis with reference to the
mount structure 20. The horizontal axis represents the
angular rotation of the PND 12 about the X-axis of the
mount structure and the vertical axis represents the am-
plitude of the magnetic flux in the magnetic field 30 de-
tected by the magnetic sensor 28. In this hypothetical
example, if the PND 12 is rotated about the X-axis in one
direction, the magnetic flux amplitude increases. As the
PND 12 is rotated about the X-axis in the opposite direc-
tion, the magnetic flux amplitude decreases. A monotonic
response advantageously relates a significant move-
ment of the PND 12 about an axis to a significant change
in a magnetic measurement. If the response was non-
monotonic, two distant angles could produce a similar
magnetic measurement.
[0032] Once an inertial sensor is calibrated, the PND
12 records a current magnetic measurement (such as a
magnetic flux magnitude value) and saves it as a refer-
ence value (Ref). During operation, the PND 12 com-
pares magnetic sensor measurements to this reference
value. If the PND 12 does not change position or only
vibrates or move just an insignificant amount relative po-
sition to the mount structure 20, the magnetic measure-
ment from the magnetic sensor 28 does not change more
than an appreciable amount (e.g., less than a threshold
Th). If the change of magnetic measurement exceeds a
threshold (Th) away from the reference value (>Ref6Th),
the position of the PND 12 has been moved enough rel-
ative to the mount structure 20 to make the inertial sensor
measurements uncalibrated and recalibration of the ref-
erence frame 14 is required. While the references frame
14 is uncalibrated, accelerometer and gyrometer meas-
urements will not be reliable enough for dead reckoning.
Once recalibrated, a new magnetic sensor measurement
is saved for future comparison as the reference value
(Ref). As long as the detected change of magnetic am-
plitude does not exceed a threshold (Th) away from the
updated reference value (Ref), the position of the PND
12 has not changed significantly enough to require rec-
alibration of the reference frame 14 and the accelerom-
eter and gyrometer measurements are still reliable for
dead reckoning purposes.
[0033] FIG. 5 illustrates a block diagram of various
components of a PND 12, in accordance with some em-
bodiments of the present invention. The PND 12 includes
a processor 502, an inertial sensor 504, a satellite navi-
gation system (SPS) receiver 506, a magnetic sensor
28, and a user display 510. The processor 502 is coupled
to the inertial sensor 504, the SPS receiver 506, the mag-
netic sensor 28, and the user display 510 via one or more
buses and ports. The processor 502 may be a general
purpose microcomputer or microcontroller or may be an
application specific microcontroller. The processor 502
may contain internal memory and/or may be coupled to
external memory. The user display 510 receives naviga-
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tion data to display from the processor 502 and may in-
clude an LCD screen or the like.
[0034] The inertial sensor 504 provides inertia meas-
urements to the processor 502, which the processor 502
may use during dead-reckoning navigation. For example,
the inertia measurements include linear acceleration
measurements from an accelerometer and/or angular
acceleration measurements from a gyrometer. The ac-
celerometer and gyrometer may each detect accelera-
tion along a single axis (one dimension or 1-D), two axes
(2-D) or alternatively three axes (3-D).
[0035] The SPS receiver 506 may receive any of a
number of Global Navigation Satellite Systems (GNSS)
including U.S. Global Positioning System (GPS), Rus-
sian GLONASS and the European Galileo systems.
When no satellites (or pseudo-satellites) are not availa-
ble, a navigation system may produce position updates
using a dead-reckoning technique with inertial sensor
measurements as an input. When an adequate number
of satellites are not available, a navigation system may
combine position estimates from SPS measurements
and dead reckoning, or use dead reckoning alone.
[0036] The magnetic sensor 28 measures a magnetic
field or magnetic flux intensity. In some embodiments,
the magnetic sensor 28 is a single-dimension device. For
example, the magnetic sensor 28 may be a single-axis
(1-D) Hall-Effect detector. In other embodiments, the
magnetic sensor 28 is a 2-D or 3-D device. The magnetic
sensor 28 may be a magnetometer, which measures a
magnetic field intensity, or an electronic compass, which
measures a magnetic field intensity and direction.
[0037] FIG. 6 illustrates a flowchart of a process for
triggering an action to realign a reference frame 14 of a
PND 12, in accordance with some embodiments of the
present invention. Once a misalignment is detected, the
reference frame 14 of the PND 12 may be recalibrated
to the reference frame 16 of a vehicle 10.
[0038] At 602, the PND 12 is coupled to a mount struc-
ture 20 attached to a vehicle 10. Once coupled, in some
embodiments, the magnetic sensitivity axis 34 of the
magnetic sensor 28 and the magnetic moment 32 of the
magnet 26 are skewed from one another. For some em-
bodiments, repositioning the PND 12 in the mount struc-
ture 20 across a full range of relative positions preserves
this skewed property.
[0039] At 604, the magnetic sensor 28 measures a
magnetic value (such as an absolute magnetic flux am-
plitude) of the magnetic field 30. This initial magnetic sen-
sor measurement generated by the magnetic sensor 28
is received by the processor 502.
[0040] At 606, the processor 502 generates a refer-
ence value (Ref) based on the initial magnetic sensor
measurement. The processor 502 may save this refer-
ence value (Ref) in internal and/or external memory. For
example, the processor 502 saves the initial magnetic
sensor measurement as the reference value (Ref). Alter-
natively, the processor 502 may compute and store an
average of the initial magnetic sensor measurements as

the reference value (Ref). Alternatively, the processor
502 may compute and store a square root of the sum of
the initial magnetic sensor measurements as the refer-
ence value (Ref). Alternatively, the processor 502 may
compute and store a sum of the initial magnetic sensor
measurements as the reference value (Ref).
[0041] At 608, the processor 502 receives inertial sen-
sor measurements from the inertial sensor 504 and aligns
the reference frame 14 of the PND 12 onto the vehicle
reference frame 16.
[0042] At 610, based on the inertial sensor measure-
ments from the inertial sensor 504 and/or global position-
ing information received from the SPS receiver 506, the
processor computes navigational guidance information
and displays the information on the user display 510. If
global positioning information alone is inadequate for ac-
curate positioning, the processor 502 may compute a
position estimate based at least in part on dead reckon-
ing.
[0043] At 612, the PND 12 is physically adjusted or
reoriented (relative to the vehicle 10) on the mount struc-
ture 20 by a user. At this point if moved enough, the in-
ertial sensor measurements become uncalibrated with
the reference frame 14 of the PND 12, thus are inade-
quate for dead-reckoning navigation.
[0044] At 614, the magnetic sensor 28 measures a new
magnetic value, which is received by the processor 502
as an additional magnetic sensor measurement.
[0045] At 616, the processor 502 compares the addi-
tional magnetic sensor measurement (Meas) to the ref-
erence value (Ref). If this new magnetic sensor meas-
urement (Meas) is within a threshold (Th) from the pre-
viously saved reference value (Ref), no action is taken.
If this new magnetic sensor measurement (Meas) is
greater or less than a threshold (Th) from the reference
value (Ref) (i.e., if [|Meas| > (|Ref| + Th)} or {|Meas| <
(|Ref| - Th)}), then the PND 12 is declared to be uncali-
brated.
[0046] At 618, if the PND 12 is uncalibrated based on
the detected difference between the additional magnetic
sensor measurements (Meas) and the reference value
(Ref) being more than the threshold (Th), the processor
502 triggers one or more actions. The action may include
invalidating measurements provided by the inertial sen-
sor 504. The action may also include recalibrating the
inertial sensor 504, a dead-reckoning algorithm, and/or
a reference frame conversion matrix.
[0047] FIG. 7 illustrates a graphical plot of magnetic
responses, in accordance with some embodiments of the
present invention. The PND 12 is coupled to the mount
structure 20 to allow one or more degrees of freedom. In
this example, the coupling allows for three degrees of
movement (e.g., horizontally about X, vertically about Y
and rotationally about Z). Magnetic changes for vertical,
horizontal, and rotation movements are respectively il-
lustrated by the three curves on the graph. For each de-
gree of movement, when isolated from other degrees of
movement, the magnetic sensor 28 and the magnet 26
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are positioned relative to one another such that the mag-
netic response is monotonic as the PND 12 rotated or
moved along an access. As shown, increasing an angle
about the horizontal axis (X) causes monotonically de-
creasing magnet measurements. Increasing an angle
about the vertical axis (Y) also causes monotonically de-
creasing magnet measurements. Increasing an angle
about the rotational axis (Z) cause monotonically increas-
ing magnet measurements.
[0048] When moving the PND 12 about more than one
axis, the measured magnetic value is the linear combi-
nation of the lines shown.
[0049] In the embodiments described above, the
mount structure 20 includes a magnet 26. In these em-
bodiments, a magnetic sensor 28 measures the magnetic
field 30 generated by the magnet 26. In the embodiments
described below, changes in a local magnetic field of the
vehicle 10 are detected rather than the magnetic field 30
generated by a magnet 28. In essence, the vehicle itself
produces the magnetic field 30 (rather than being pro-
duced by the separate magnet 28). The magnetic sensor
28 detects a magnetic field comprising a combination of:
(1) the Earth’s magnetic field; (2) the magnetic field in-
duced by Earth’s magnetic field on the metallic structure
of the vehicle 10; and (3) the magnetic field generated
by the body and electronics of the vehicle 10. The local
or ambient magnetic field is a result of the latter two sourc-
es. The distant magnetic field is assumed to be the
Earth’s magnetic field.
[0050] Hypothetically, if the vehicle 10 is rotated in
three dimensions, the measured magnetic field is distort-
ed by the structure of the vehicle 10 and appears as an
ellipsoid. A 3-D magnetic sensor 28 measures this mag-
netic field as amplitude, which represents various radii
of the ellipsoid. In two dimensions, as a vehicle 10 may
make a level 360 degree turn, the magnetic sensor meas-
urements result in an ellipse when the amplitudes of the
measurements are plotted verses the turning angle of
the vehicle 10.
[0051] FIG. 8 illustrates an in-vehicle personal naviga-
tion apparatus 40, in accordance with some embodi-
ments of the present invention. In this embodiment, the
vehicle 10 itself is used as a secondary magnet instead
of using a separate magnet 26. This secondary magnetic
field is the result of the Earth’s magnetism induced on
the vehicle 10 in combination with the magnetic proper-
ties inherent in the vehicle 10. The in-vehicle personal
navigation apparatus 40 includes a PND 12 and a mount
structure 20. The PND 12 includes a 3-dimensional (3-
D) magnetic sensor 28 and a connector allowing it to
couple to the mounting structure 20. The mounting struc-
ture 20 includes a complementary connector 24 and a
surface interface element 22 for coupling the mount
structure 20 to a surface 200 of the vehicle 10. By way
of rotatable connection 24, the PND 12 may be movably
coupled to the mount structure 20, which is coupled to a
surface 200 of the vehicle.
[0052] FIG. 9 illustrates a block diagram of various

components of a PND 12, in accordance with some em-
bodiments of the present invention. The PND 12 includes
three-dimensional (3-D) magnetic sensor 28, an inertial
sensor 504, a satellite navigation system (SPS) receiver
506, a user display 510 and a processor 502. The proc-
essor 502 includes software modules including a navi-
gation module 902, a magnitude determination module
905, and a magnetic calibration module 909. These mod-
ules may exist as separate software routines and/or to-
gether as in-line code. Unlike the PND 12 of FIG. 5, which
may include a 1-D, 2-D or 3-D magnetic sensor 28, the
magnetic sensor 28 here is a 3-D magnetic sensor.
[0053] The navigation module 902 receives satellite
signal from the SPS receiver 506. The navigation module
902 also receives inertia measurements from the inertial
sensor 504 for dead-reckoning navigation. When satel-
lites (or pseudo-satellites) are available, a navigation
module 902 may produce position updates using dead
reckoning with inertial sensor measurements as an input.
The navigation module 902 elaborates navigation infor-
mation displayed to the user by display 510.
[0054] The magnetic calibration module 909 receives
the magnetic sensor measurements from the 3-D mag-
netic sensor 28. As stated above, the measured magnetic
field comprising a combination of three components: (1)
the Earth’s magnetic field; (2) the magnetic field induced
by Earth’s magnetic field on the metallic structure of the
vehicle 10; and (3) the magnetic field generated by the
body and electronics of the vehicle 10. The local or am-
bient magnetic field is a result of the latter two sources.
The distant magnetic field is assumed to be the Earth’s
magnetic field. The magnetic calibration module 909 in-
cludes a translation matrix or the like to convert magnetic
sensor measurements defining an ellipsoid to calibrated
magnetic sensor measurements defining a sphere. The
translation matrix removes the ambient magnetic field
(components (2) and (3)) from the measured magnetic
field to result in the Earth’s magnetic field (component
(3)). The magnetic calibration module multiplies the mag-
netic field measurements and the translation matrix to
result in the calibrated magnetic sensor measurements.
If properly calibrated, the calibrated magnetic sensor
measurements have a constant magnitude and an ori-
entation aligned with the unperturbed Earth magnetic
field.
[0055] The magnitude module 905 monitors the cali-
brated magnetic sensor measurements. The magnitude
module 905 may be coupled to the magnetic calibration
module 909 to receive the calibrated magnetic sensor
measurements. The magnitude module 905 may have a
magnitude unit to determine a magnitude of the calibrat-
ed magnetic sensor measurements, and a comparator
to produce a comparison result by comparing the deter-
mine magnitude with the reference magnitude in the
memory.
[0056] As calibrated magnetic sensor measurements
are received, the magnitude module 905 computes a
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magnitude (e.g.,  or equivalently (x2 +

y2 + z2) ignoring the square root). This computed mag-
nitude is compared with a similarly computed magnitude
(previously saved as a reference value (Ref) after cali-
bration) to produce a comparison result. If the magnitude
is within a threshold (Th) from the reference value (Ref),
the calibrated magnetic sensor measurements still form
a sphere and the comparison results indicates the inertial
sensor measurements are still valid. On the other hand,
if the magnitude is greater than the threshold (Th) from
the reference value (Ref), the calibrated magnetic sensor
measurements no longer define a sphere, therefore, the
PND 12 is not properly calibrated (for example, because
the PND 12 has been rotated relative to the vehicle 10)
and the comparison results indicates the inertial sensor
measurements have become invalid.
[0057] When the comparison result indicates the iner-
tial sensor measurements are valid, the navigation mod-
ule 902 may use inertial sensor measurements for dead
reckoning. When the comparison result indicates the in-
ertial sensor measurements are invalid, the navigation
module 902 may inhibit the invalid inertial sensor meas-
urements from adversely affecting the position estimate.
[0058] The processor 502 acts as a means for receiv-
ing initial magnetic sensor measurements of a magnetic
field from the mount structure, for generating a reference
value based on initial magnetic sensor measurements,
for receiving inertial sensor measurements, for comput-
ing navigation data based on the inertial sensor meas-
urements, for receiving additional magnetic sensor
measurements, for detecting a difference between a val-
ue based on the additional magnetic sensor measure-
ments and the reference value, and for triggering an ac-
tion in the PND based on the difference.
[0059] For example, the magnetic calibration module
909 acts as a means for receiving initial magnetic sensor
measurements of a magnetic field from the mount struc-
ture, for receiving inertial sensor measurements, and for
receiving additional magnetic sensor measurements.
The magnitude determination module 905 acts as a
means for generating a reference value based on initial
magnetic sensor measurements, for detecting a differ-
ence between a value based on the additional magnetic
sensor measurements and the reference value, and
means for triggering an action in the PND based on the
difference. The navigation module 902 acts as a means
for computing navigation data based on the inertial sen-
sor measurements
[0060] FIG. 10 illustrates a flowchart of a process for
computing navigation guidance information before and
after reorienting a PND 12, in accordance with some em-
bodiments of the present invention. The calibrated nav-
igation data is based on a calibrated reference frame 14
of the PND 12 that is aligned with the reference frame
16 of the vehicle 10.
[0061] At 1002, a 3-D magnetic detector 28 senses a
surrounding magnetic field and generates three-dimen-

sional magnetic sensor measurements. The magnetic
sensor measurements represent a combination of: (1)
the Earth’s magnetic field; (2) the induced magnetic field;
and (3) the generated magnetic field.
[0062] At 1004, the three-dimensional magnetic detec-
tor 28 sends the three-dimensional magnetic sensor
measurements to the magnetic calibration module 909.
During an initialization step, the magnetic calibration
module 909 determines a translation matrix to remove
the ambient magnetic field from the distant magnetic field
value. Once initialized, the magnetic calibration module
909 translates the ellipsoidal 3-D magnetic sensor meas-
urements into spherical 3-D magnetic sensor measure-
ments using the translation matrix. That is, for each 3-D
magnetic sensor measurement received, the magnetic
calibration module 909 removes the ambient magnetic
field resulting in a magnetic field pointing along magnetic
north in three dimensions.
[0063] At 1006, the magnitude determination module
905 determines a reference value (Ref) from a magnitude
of the calibrated magnetic sensor measurements. This
reference value (Ref) is saved to memory for comparison
with future calibrated magnetic sensor measurements.
[0064] At 1008, the inertial sensor 504 generates iner-
tial sensor measurements, which it sends to the naviga-
tion module 902. At this point, assume a sufficient number
of satellites is not available. Thus, the navigation module
902 computes navigation output data during a period
based on the inertial sensor measurements (e.g., via
dead reckoning).
[0065] At 1010, the user physically reorients the PND
12 with respect to the vehicle 10 during this dead-reck-
oning period.
[0066] At 1012, the magnitude determination module
905 compares a magnitude of the calibrated magnetic
sensor measurements to the reference value (Ref) to set
a comparison result. If the magnitude is within a threshold
(Th) of the reference value (Ref), then the calibrated mag-
netic sensor measurements still form a sphere and the
inertial sensor measurements are considered valid. If the
magnitude is greater than a threshold (Th) from the ref-
erence value (Ref), then the calibrated magnetic sensor
measurements no longer form a sphere and the inertial
sensor measurements are considered invalid.
[0067] At 1014, the navigation module 902 triggers an
action based on the comparison result. For example, the
navigation module 902 may use the inertial sensor meas-
urements for dead reckoning if the calibrated magnetic
sensor measurements still form a sphere. If the compar-
ison result indicates the inertial sensor measurements
are invalid, then the navigation module 902 may stop
using the inertial sensor measurements for dead reck-
oning and may begin to recalibrate the inertial sensor
504. The comparison result may then trigger recalibrating
a dead-reckoning algorithm and recalibrating the trans-
lation matrix.
[0068] FIGS. 11A, 11B and 11C illustrate magnetic
field vectors with respect to a vehicle 10, in accordance
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with some embodiments of the present invention. In FIG.
11A, a vehicle 10 includes a PND 12 to provide naviga-
tional guidance information for driving the vehicle 10 from
its current location to a destination. In this example, the
PND 12 includes a three-dimensional magnetic detector
that detects the magnetic field intensities in the immedi-
ate surroundings and generates a magnetic field meas-
urement which may be represented by a magnetic vector
V (VX, VY, VZ) with a particular magnitude and orientation.
The magnetic vector V may be a product of a magnetic
vector MCAR of the vehicle 10 and a magnetic vector
NMAG of the Earth’s magnetic dipole. Accordingly, the
magnitude and direction of vector V may be the sum of
vector MCAR and vector NMAG. In this example, as illus-
trated in FIG. 11A, the magnetic vector MCAR of the ve-
hicle 10 is directed towards the rear left corner of the
vehicle, and the magnetic vector NMAG of the Earth’s
magnetic dipole is directed towards the left of the vehicle
10. The vector V is a sum of vector MCAR and vector
NMAG and directed at an direction or orientation that is
the sum of vector MCAR and vector NMAG..
[0069] In FIG. 11B, the orientation of the vehicle 10
may be changed, and the orientation of the magnetic
vector MCAR of the vehicle 10 relative to the magnetic
vector NMAG of the Earth’s magnetic dipole will also ac-
cordingly changed. The orientation and magnitude of the
magnetic vector MCAR relative to the vehicle remain gen-
erally constant. Due to the change of orientation of the
vehicle 10, the magnetic vector V also changes, as illus-
trated by the change in magnitude and orientation of V
in FIG. 11B. The magnetic field vector V may be normal-
ized, and a calibrated vector V’ is generated as described
above. Note the corrected vectors V’ in the figures are
ideally equal.
[0070] In FIG. 11C, the orientation of the vehicle 10 is
further changed from orientation that was illustrated in
FIG. 11B. The orientation of the magnetic vector MCAR
of the vehicle 10 relative to the magnetic vector NMAG of
the Earth’s magnetic dipole is accordingly changed, even
though the orientation and magnitude of the magnetic
vector MCAR relative to the vehicle remain generally con-
stant. As the product of vector MCAR and vector NMAG,
the magnetic field vector V changed as illustrated by the
change in magnitude and orientation of the magnetic field
vector V. The magnetic field vector V is normalized by
the magnetic calibration module VCAL 909 and a calibrat-
ed vector V’ is generated.
[0071] FIG. 12 illustrates a calibration module for cal-
ibrating sensed magnetic field values, in accordance with
some embodiments of the present invention. A magnetic
calibration module (VCAL) 909 may execute the normal-
ization process by multiplying the incoming magnetic
measurements (expected to be on an ellipsoid) times the
translation matrix to form corrected or calibrated meas-
urements (expected to be on a sphere).
[0072] FIG. 13 illustrates a graphical plot of magnetic
field vectors defining an ellipsoid, in accordance with
some embodiments of the present invention. The plot

shows magnetic field vectors V for various orientations
of the vehicle 10, wherein the magnetic field vectors are
taken at a corresponding time tk+N (where N = 0, 1, 2, ...,
11). Each vector illustrates an angular orientation and a
magnitude NMEAS(tK+N) at a particular time t. As illustrat-
ed, the plotted magnetic field vectors may define a 2-D
ellipse or a 3-D ellipsoid.
[0073] FIG. 14 illustrates graphical plots of magnetic
field vectors defining an ellipsoid and calibrated magnetic
field vectors defining a sphere, in accordance with some
embodiments of the present invention. A magnetic sen-
sor measurement is represented by a magnetic field vec-
tor V and falls on the ellipsoid. A corresponding calibrated
magnetic sensor measurement is represented by the cal-
ibrated magnetic field vector V’, which falls on the sphere.
By passing the measurement through the magnetic cal-
ibration module 909, which multiplies it by the translation
matrix, V’ is produced. Effectively, V’ = V - VCAL, where
VCAL is a calibration vector for correcting measurements
at a specific 3-D angle. That is, the vector V, which is one
of the vectors that defines the ellipsoid, may be combined
with VCAL to produces V’, and V’ is one the vectors that
defines the sphere. Vector VCAL may be a constant or
may be a function of the orientation of V. An inner-thresh-
old sphere (with radius Ref - Th) and outer-threshold
sphere (with radius Ref + Th) may be defined to deter-
mine when the calibration factor VCAL is no longer suffi-
cient for normalizing the magnetic field vector V. Such a
condition would occur when the PND 12 has been reo-
riented and the reference frame 14 of the PND 12 must
be recalibrated to realign with the reference frame 16 of
the vehicle 10.
[0074] FIG. 15 illustrates the details of magnetic field
vector V and a calibrated magnetic field vector V’, in ac-
cordance with some embodiments of the present inven-
tion. When the PND 12 is in its first position or first ori-
entation, the detected magnetic field vector V1 may be
normalized by the calibration factor VCAL,1. The calibrat-
ed vector V’1 falls within the inner threshold sphere and
the outer threshold sphere, which indicates that the PND
12 is within calibration and reference frame 14 of the PND
12 is aligned with the reference frame 16 of the vehicle
10. The PND 12 is reoriented to a second position. In this
second position, the same calibration factor VCAL,1 is ap-
plied to V1, but in the perspective of the second position
of the PND 12. In this example, the calibrated magnetic
field vector V’2 does not have the same magnitude as
the previously calibrated magnetic field vector V’1. The
difference in magnitudes V’1 and V’2 is sufficient enough
such that the calibrated magnetic field vector V’2 does
not fall within the inner threshold sphere and outer thresh-
old sphere. This example illustrates that reorienting the
PND 12 to a second position has caused the PND 12 to
be out of calibration. The difference between V’1 and V’2
will trigger an action in the PND 12 to recalibrate before
generating navigation output data using inertial data. The
triggered action includes computing navigation output
data without the inertial sensor measurement since the
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inertial sensor measurement are most likely out of cali-
bration from the perspective of the reoriented PND 12.
Accordingly, the action may include invalidating meas-
urements provided by the inertial sensor for generating
navigational guidance information otherwise displayed
on the user display 510. The action may also include
recalibrating the inertial sensor 504, a dead-reckoning
algorithm, and a reference frame conversion matrix for
recalibrating the reference frame 14 of the PND 12 to
align with the reference frame 16 of the vehicle 10.
[0075] Some of the embodiments described above
translate three-dimensional magnetic sensor measure-
ments, which typically fall on an ellipsoid, to calibrated
magnetic sensor measurements falling on a sphere. That
is, measurements are translated from the ellipsoid do-
main to the spherical domain. When the translation matrix
is calibrated with the environment, the calibrated mag-
netic sensor measurements have a near constant mag-
nitude. When not calibrated, the calibrated magnetic sen-
sor measurements result in a variable magnitude. This
embodiment advantageously compares a magnitude of
the calibrated magnetic sensor measurements to a con-
stant reference value representing a magnitude of a cal-
ibrated sphere. This approach uses a translation matrix
to translate measurements from the ellipsoid domain to
the spherical domain to fall on a sphere when calibrated.
To determine if the calibrated measurements fall on the
sphere, a magnitude, which represents a radius, is com-
pared to a reference value, which represents the radius
of the reference sphere.
[0076] In an alternative embodiment, the three-dimen-
sional magnetic sensor measurements are not translated
but analyzed in the ellipsoid domain. In this alternative
embodiment, three-dimensional magnetic sensor meas-
urements are directly compared to a reference ellipsoid
to determine whether the measurements fall on the el-
lipsoid (or within a threshold value to the ellipsoid). This
alternative approach forgoes complexities of the trans-
lation matrix but loses the simplistic magnitude compar-
ison. Instead, the measurements are compared to a
three-dimensional ellipsoid model. This approach deter-
mines the orientation of the original perturbed magnetic
field and applies a reverse conversion (from sphere with
constant radius to variable radius on the ellipsoid) and
to do the comparison of the measured magnetic vector
magnitude to the predicted magnetic vector magnitude
in the ellipsoid domain.
[0077] In this alternative embodiment, the PND 12 may
generate three-dimensional magnetic sensor measure-
ments (e.g., vector V) for initialization, determine a ref-
erence ellipsoid from a magnitude of the calibrated mag-
netic sensor measurements (so it may test future meas-
urements in the ellipsoid domain), generate inertial sen-
sor measurements after this calibration, compare a mag-
nitude of the magnetic sensor measurements to the ref-
erence ellipsoid to set a comparison result, and comput-
ing navigation output data without the inertial sensor
measurements based on the comparison result. That is,

after the PND 12 characterizes a reference ellipsoid
based on initial magnetic sensor measurements from a
3D sensor, the PND 12 may compare future magnetic
sensor measurements to this reference ellipsoid. Once
the future magnetic sensor measurements fall more than
a threshold distance away from the reference ellipsoid,
the PND 12 should halt using inertial sensor measure-
ments in its navigation compuations.
[0078] The previous description of the disclosed as-
pects is provided to enable any person skilled in the art
to make or use the present disclosure. Various modifica-
tions to these aspects will be readily apparent to those
skilled in the art, and the generic principles defined herein
may be applied to other aspects without departing from
the scope of the disclosure.

Claims

1. An in-vehicle personal navigation apparatus (40),
the apparatus comprising a personal navigation de-
vice, PND, (12) and a mount structure (20) compris-
ing a magnet (26) to generate a magnetic field (30),
wherein the PND comprises:

an interface (24) to movably couple the PND to
the mount structure (20); a processor to provide
navigation data;
an inertial sensor coupled to the processor; and
a magnetic sensor (28) coupled to the processor
and positioned in the PND to sense the magnetic
field from the mount structure
wherein the processor is configured to

receive from said magnetic sensor (28) in-
itial magnetic sensor measurements of the
magnetic field from the mount structure,
when the PND is coupled to the mount struc-
ture;
generate a reference value based on the
initial magnetic sensor measurements;
receive inertial sensor measurements from
said inertial sensor;
compute said navigation data based on the
inertial sensor measurements;
receive additional magnetic sensor meas-
urements following a reorientation of the
PND relative to the mount structure (20);
detect a difference between a value based
on the additional magnetic sensor measure-
ments and the reference value; and
trigger an action in the PND based on the
difference.

2. The apparatus of claim 1, wherein the PND further
comprises a satellite navigation system, SPS, re-
ceiver coupled to the processor.
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3. The apparatus of claim 1, wherein the SPS receiver
preferably comprises a global positioning satellite,
GPS, receiver.

4. The apparatus of claim 1, wherein the mount struc-
ture comprises a complementary interface to con-
nect to the PND.

5. The apparatus of claim 4, wherein the interface of
the PND and the complementary interface either
comprise at least one of the following: a connection
wherein the PND is detachable from the mount struc-
ture,
a connection to provide translational displacement
between the PND and the mount structure, or.
a connection to provide rotational displacement be-
tween the PND and the mount structure or do one
of the following: limit an intensity of magnetic flux
changes to monotonic magnetic flux changes for re-
orientations along any cardinal direction or limit rel-
ative movement between a sensitivity axis of the
magnetic sensor and a magnetic moment vector of
the magnet to be non-intersecting, non-parallel and
non-perpendicular.

6. The apparatus of claim 1, wherein the magnetic sen-
sor (28) comprises at least one of the following:

a single-dimensional magnetic sensor,
a three-dimensional magnetic sensor,
a magnetic flux sensor, or
a Hall-Effect detector.

7. The apparatus of claim 1, wherein the action com-
prises at least one of the following: recalibrating of
a dead-reckoning algorithm,
invalidating a contribution of the inertial sensor
measurements in the navigation data,
triggering a recalibration of the inertial sensor or rec-
alibrating a reference frame conversion matrix.

8. A method for reacting to a relative reorientation be-
tween a personal navigation device, PND (12) and
a mount structure (20), the method comprising:

coupling (602) the PND to the mount structure;
receiving (604) initial magnetic sensor measure-
ments of a magnetic field from the mount struc-
ture;
generating (606) a reference value based on in-
itial magnetic sensor measurements;
receiving (608) inertial sensor measurements;
computing (610) navigation data based on the
inertial sensor measurements;
reorienting (612) the PND relative to the mount
structure;
receiving (614) additional magnetic sensor
measurements following the reorienting of the

PND relative to the mount structure; detecting
(616) a difference between a value based on the
additional magnetic sensor measurements and
the reference value; and
triggering (618) an action in the PND based on
the difference.

9. The method of claim 8, wherein the act of reorienting
the PND relative to the mount structure (20) com-
prises at least one of the following: providing trans-
lational displacement between the PND and the
mount structure, providing rotational displacement
between the PND and the mount structure, or reori-
enting the PND relative to the mount structure along
any cardinal direction and limiting an intensity of
magnetic flux changes to monotonic magnetic flux
changes.

10. The method of claim 8, wherein the act of coupling
the PND to the mount structure comprises limiting
relative movement between a sensitivity axis of the
magnetic sensor and a magnetic moment vector of
the magnet to be non-intersecting, non-parallel and
non-perpendicular.

11. The method of claim 8, wherein the act of receiving
the additional magnetic sensor measurements com-
prises receiving the additional magnetic sensor
measurements from a single-dimensional magnetic
sensor or from a three-dimensional magnetic sen-
sor.

12. The method of claim 8, wherein the act of detecting
the difference comprises determining a difference
between an absolute value based on the additional
magnetic sensor measurements and the reference
value.

13. The method of claim 8, wherein the action comprises
at least one of the following
recalibrating of a dead-reckoning algorithm,
invalidating a contribution of the inertial sensor
measurements in the navigation data,
triggering a recalibration of the inertial sensor, or rec-
alibrating a reference frame conversion matrix.

14. A computer-readable medium including program
code stored thereon for an in-vehicle personal nav-
igation comprising a personal navigation device,
PND, the program code comprising program code
for carrying out the steps of any of method claims 8
to 13.

Patentansprüche

1. Eine in einem Fahrzeug befindliche persönliche Na-
vigationsvorrichtung (40) wobei die Vorrichtung eine
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persönliche Navigationseinrichtung bzw. PND (PND
= personal navigation device) (12) und eine Befes-
tigungsstruktur (20) aufweist, die einen Magnet (26)
zum Generieren eines magnetischen Feldes (30)
aufweist, wobei die PND Folgendes aufweist:

eine Schnittstelle (24) zum bewegbaren Kop-
peln der PND an die Befestigungsstruktur (20);
einen Prozessor zum Vorsehen von Navigati-
onsdaten;
einen Trägheits- bzw. Inertialsensor, der an den
Prozessor gekoppelt ist; und
einen Magnetsensor (28), der an den Prozessor
gekoppelt ist und in der PND positioniert ist zum
Abfühlen des Magnetfeldes von der Befesti-
gungsstruktur wobei der Prozessor konfiguriert
ist zum
Empfangen, von dem Magnetsensor (28), von
anfänglichen Magnetsensormessungen des
Magnetfeldes von der Befestigungsstruktur,
wenn die PND an die Befestigungsstruktur ge-
koppelt ist;
Generieren eines Referenzwertes basierend
auf den anfänglichen Magnetsensormessun-
gen;
Empfangen von Inertialsensormessungen von
dem Inertialsensor;
Berechnen der Navigationsdaten basierend auf
den Inertialsensormessungen;
Empfangen von zusätzlichen Magnetsensor-
messungen nachfolgend auf eine Neuausrich-
tung der PND relativ zu der Befestigungsstruktur
(20);
Detektieren einer Differenz zwischen einem
Wert basierend auf den zusätzlichen Magnet-
sensormessungen und dem Referenzwert; und
Auslösen einer Aktion in der PND basierend auf
der Differenz.

2. Vorrichtung nach Anspruch 1, wobei die PND weiter
einen Satellitennavigationssystem- bzw. SPS-Emp-
fänger (SPS = satellite navigation system) aufweist,
der an den Prozessor gekoppelt ist.

3. Vorrichtung nach Anspruch 1, wobei der SPS-Emp-
fänger vorzugsweise einen Globalpositionsbestim-
mungssatelliten- bzw. GPS-Empfänger (GPS = glo-
bal positioning satellite) aufweist.

4. Vorrichtung nach Anspruch 1, wobei die Befesti-
gungsstruktur eine komplementäre Schnittstelle
zum Verbinden mit der PND aufweist.

5. Vorrichtung nach Anspruch 4, wobei die Schnittstelle
der PND und die komplementäre Schnittstelle ent-
weder wenigstens eines von Folgendem aufweisen:

eine Verbindung, wobei die PND von der Befes-

tigungsstruktur entfernbar bzw. abnehmbar ist,
eine Verbindung zum Vorsehen einer translato-
rischen Verschiebung zwischen der PND und
der Befestigungsstruktur, oder
eine Verbindung zum Vorsehen einer Rotations-
verschiebung zwischen der PND und der Befes-
tigungsstruktur oder eines von Folgendem aus-
führen: Einschränken einer Intensität von Mag-
netflussveränderungen auf monotone Magnet-
flussveränderungen für Neuausrichtungen ent-
lang irgendeiner Himmelsrichtung oder Ein-
schränken einer relativen Bewegung zwischen
einer Abfühlachse des Magnetsensors und ei-
nem Magnetmomentvektor des Magnets, so
dass diese keinen Schnittpunkt haben, nicht pa-
rallel sind und nicht senkrecht sind.

6. Vorrichtung nach Anspruch 1, wobei der Magnetsen-
sor (28) wenigstens eines von Folgendem aufweist:

einen eindimensionalen Magnetsensor,
einen dreidimensionalen Magnetsensor,
einen Magnetflusssensor oder
einen Hall-Effekt-Detektor.

7. Vorrichtung nach Anspruch 1, wobei die Aktion we-
nigstens eines von Folgendem aufweist: Rekalibrie-
ren eines Dead-Reckoning- bzw. Koppelnavigati-
onsalgorithmus,
Ungültigmachen eines Beitrags der Inertialsensor-
messungen in den Navigationsdaten,
Auslösen einer Rekalibrierung des Inertialsensors
oder Rekalibrieren einer Referenzrahmenumwand-
lungsmatrix.

8. Ein Verfahren zum Reagieren auf eine relative Neu-
ausrichtung zwischen einer persönlichen Navigati-
onseinrichtung bzw. PND (PND = personal naviga-
tion device) (12) und einer Befestigungsstruktur (20),
wobei das Verfahren Folgendes aufweist:

Koppeln (602) der PND an die Befestigungs-
struktur;
Empfangen (604) anfänglicher Magnetsensor-
messungen eines Magnetfeldes von der Befes-
tigungsstruktur;
Generieren (606) eines Referenzwertes basie-
rend auf anfänglichen Magnetsensormessun-
gen;
Empfangen (608) von Trägheits- bzw. Inertial-
sensormessungen;
Berechnen (610) von Navigationsdaten basie-
rend auf den Inertialsensormessungen;
Neuausrichten (612) der PND relativ zu der Be-
festigungsstruktur;
Empfangen (614) zusätzlicher Magnetsensor-
messungen nachfolgend auf die Neuausrich-
tung der PND relativ zu der Befestigungsstruk-
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tur;
Detektieren (616) einer Differenz zwischen ei-
nem Wert basierend auf den zusätzlichen Ma-
gnetsensormessungen und dem Referenzwert;
und
Auslösen (618) einer Aktion in der PND basie-
rend auf der Differenz.

9. Verfahren nach Anspruch 8, wobei der Vorgang ei-
ner Neuausrichtung der PND relativ zu der Befesti-
gungsstruktur (20) wenigstens eines von Folgendem
aufweist: Vorsehen einer translatorischen Verschie-
bung zwischen der PND und der Befestigungsstruk-
tur, Vorsehen einer Rotationsverschiebung zwi-
schen der PND und der Befestigungsstruktur oder
Neuausrichten der PND relativ zu der Befestigungs-
struktur entlang irgendeiner Himmelsrichtung und
Begrenzen einer Intensität von Magnetflussverän-
derungen auf monotone Magnetflussveränderun-
gen.

10. Verfahren nach Anspruch 8, wobei der Vorgang des
Koppelns der PND an die Befestigungsstruktur Be-
grenzen einer relativen Bewegung zwischen einer
Abfühlachse des Magnetsensors und einem Mag-
netmomentvektor des Magnets darauf aufweist, so
dass sie keinen Schnittpunkt haben, nicht parallel
sind und nicht senkrecht sind.

11. Verfahren nach Anspruch 8, wobei der Vorgang des
Empfangens der zusätzlichen Magnetsensormes-
sungen Empfangen zusätzlicher Magnetsensor-
messungen von einem eindimensionalen Magnet-
sensor oder von einem dreidimensionalen Magnet-
sensor aufweist.

12. Verfahren nach Anspruch 8, wobei der Vorgang des
Detektierens der Differenz Bestimmen einer Diffe-
renz zwischen einem absoluten Wert basierend auf
den zusätzlichen Magnetsensormessungen und
dem Referenzwert aufweist.

13. Verfahren nach Anspruch 8, wobei der Vorgang we-
nigstens eines von Folgendem aufweist
Rekalibrieren eines Dead-Reckoning- bzw. Koppel-
navigationsalgorithmus; Ungültigmachen eines Bei-
trags der Inertialsensormessungen in den Navigati-
onsdaten,
Auslösen einer Rekalibrierung des Inertialsensors
oder Rekalibrieren einer Referenzrahmenumwand-
lungsmatrix.

14. Ein computerlesbares Medium, das darauf gespei-
cherten Programmcode für eine in einem Fahrzeug
befindliche persönliche Navigationsvorrichtung be-
inhaltet, die eine persönliche Navigationseinrichtung
bzw. PND (PND = personal navigation device) auf-
weist, wobei der Programmcode Programmcode

aufweist zum Ausführen der Schritte nach einem der
Verfahrensansprüche 8 bis 13.

Revendications

1. Appareil de navigation personnelembarqué dans un
véhicule (40), l’appareil comprenant un dispositif de
navigation personnel, PND, (12) et une structure de
montage (20) comprenant un aimant (26) pour gé-
nérer un champ magnétique (30), le PND
comprenant :

une interface (24) pour coupler de façon amo-
vible le PND à la structure de montage (20) ;
un processeur pour fournir des données de
navigation ;
un capteur inertiel couplé au processeur ; et
un capteur magnétique (28) couplé au proces-
seur et disposé dans le PND pour détecter le
champ magnétique provenant de la structure de
montage,
dans lequel le processeur est agencé pour

recevoir du capteur magnétique (28) des
mesures initiales de capteur magnétique du
champ magnétique provenant de la struc-
ture de montage, lorsque le PND est couplé
à la structure de montage ;
générer une valeur de référence sur la base
des mesures initiales de capteur
magnétique ;
recevoir des mesures de capteur inertiel à
partir du capteur inertiel ;
calculer des données de navigation sur la
base des mesures de capteur inertiel ;
recevoir des mesures additionnelles de
capteur magnétique à la suite d’une réorien-
tation du PND par rapport à la structure de
montage (20) ;
détecter une différence entre une valeur ba-
sée sur les mesures additionnelles de cap-
teur magnétique et la valeur de référence ;
et
déclencher une action dans le PND sur la
base de la différence.

2. Appareil selon la revendication 1, dans lequel le PND
comprend en outre un récepteur de système de na-
vigation par satellite, SPS, couplé au processeur.

3. Appareil selon la revendication 1, dans lequel le ré-
cepteur SPS comprend de préférence un récepteur
de satellite de positionnement global, GPS.

4. Appareil selon la revendication 1, dans lequel la
structure de montage comprend une interface com-
plémentaire pour se connecter au PND.
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5. Appareil selon la revendication 4, dans lequel l’inter-
face du PND et l’interface complémentaire compren-
nent au moins l’un des éléments suivants :

une connexion dans laquelle le PND est déta-
chable de la structure de montage,
une connexion pour assurer un déplacement en
translation entre le PND et la structure de mon-
tage, ou
une connexion pour assurer un déplacement en
rotation entre le PND et la structure de montage
ou réaliser l’une des actions suivantes : limiter
l’intensité de changements de flux magnétique
à des changements de flux magnétique mono-
tones pour des réorientations suivant une quel-
conque direction cardinale ou limiter le mouve-
ment relatif entre un axe de sensibilité du cap-
teur magnétique et un vecteur de moment ma-
gnétique de l’aimantpour qu’ils ne se coupent
pas, ne soient pas parallèles et ne soient pas
perpendiculaires.

6. Appareil selon la revendication 1, dans lequel le cap-
teur magnétique (28) comprend au moins l’un des
éléments suivants :

un capteur magnétique monodimensionnel,
un capteur magnétique tridimensionnel,
un capteur de flux magnétique, ou
un détecteur à effet Hall.

7. Appareil selon la revendication 1, dans lequel l’action
comprend au moins l’une des actions suivantes :

réétalonnage d’un algorithme de navigation à
l’estime,
invalidation d’une contribution des mesures ini-
tiales de capteur dans les données de naviga-
tion,
déclenchement d’un réétalonnagedu capteur
inertiel ou d’un réétalonnaged’une matrice de
conversion de repère de référence.

8. Procédé pour réagir à une réorientation relative entre
un dispositif de navigation personnel, PND (12) et
une structure de montage (20), le procédé
comprenant :

coupler (602) le PND à la structure de montage ;
recevoir (604) des mesures initiales de capteur
magnétique d’un champ magnétique à partir de
la structure de montage ;
générer (606) une valeur de référence sur la ba-
se de mesures initiales de capteur magnétique;
recevoir (608) des mesures de capteur inertiel ;
calculer (610) des données de navigation sur la
base des mesures de capteur inertiel ;
réorienter (612) le PND par rapport à la structure

de montage ;
recevoir (614) des mesures additionnelles de
capteur magnétique à la suite de la réorientation
du PND par rapport à la structure de montage ;
détecter (616) une différence entre une valeur
basée sur les mesures additionnelles de capteur
magnétique et la valeur de référence ; et
déclencher (618) une action dans le PND sur la
base de la différence.

9. Procédé selon la revendication 8, dans lequel l’ac-
tion de réorientation du PND par rapport à la struc-
ture de montage (20) comprend au moins l’une des
actions suivantes : assurer un déplacement en
translation entre le PND et la structure de montage,
assurer un déplacement en rotation entre le PND et
la structure de montage, ou réorienter le PND par
rapport à la structure de montage suivant une quel-
conque direction cardinale et limiter l’intensité de
changements de flux magnétique à des change-
ments de flux magnétique monotones.

10. Procédé selon la revendication 8, dans lequel l’ac-
tion de couplage du PND à la structure de montage
comprend de limiter le mouvement relatif entre un
axe de sensibilité du capteur magnétique et un vec-
teur de moment magnétique de l’aimant pour qu’ils
ne se coupent pas, ne soient pas parallèles et ne
soient pas perpendiculaires.

11. Procédé selon la revendication 8, dans lequel l’ac-
tion de réception de mesures additionnelles de cap-
teur magnétique comprend la réception de mesures
additionnelles de capteur magnétique à partir d’un
capteur magnétique monodimensionnel ou à partir
d’un capteur magnétique tridimensionnel.

12. Procédé selon la revendication 8, dans lequel l’ac-
tion consistant à détecter la différence comprend la
détermination d’une différence entre une valeur ab-
solue basée sur les mesures additionnelles de cap-
teur magnétique et la valeur de référence.

13. Procédé selon la revendication 8, dans lequel l’ac-
tion comprend au moins l’une des actions suivantes :

réétalonnage d’un algorithme de navigation à
l’estime,
invalidation d’une contribution des mesures de
capteur inertiel dans les données de navigation,
déclenchement d’un réétalonnage du capteur
inertiel, ou d’un réétalonnage d’une matrice de
conversion de repère de référence.

14. Support lisible par un ordinateur comprenant du co-
de de programme mémorisé sur lui pour une navi-
gation personnelle dans un véhicule comprenant un
dispositif de navigation personnel, PND, le code de
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programme comprenant du code de programme
pour exécuter les étapes d’un procédé de l’une quel-
conque des revendications 8 à 13.
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