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Description

TECHNICAL FIELD

[0001] This disclosure relates generally to determining whether measurements from sensors are due to the sensors
being moved.

BACKGROUND

[0002] Traditional motion detection systems can observe signals from sensors over a period of time and verify that
the signals are within a small range for the period of time. If the signals are within the small range for the period of time,
the motion detection systems can determine that a no motion event has occurred. However, this determination that a
no motion event has occurred can take a long time (e.g., eight seconds), making the motion detection systems inefficient.
[0003] The above-described deficiencies of traditional motion detection systems are merely intended to provide an
overview of some of problems of current technology, and are not intended to be exhaustive. Other problems with the
state of the art, and corresponding benefits of some of the various non-limiting embodiments described herein, can
become further apparent upon review of the following detailed description.
[0004] "Accelerometer Signal Processing for User Activity Detection", by Jonghun Back et al, discloses that estimation
of human motion states is important enabling technologies for realizing a pervasive computing environment. In this
paper, an improved method for estimating human states from accelerometer data is introduced.
[0005] Their method for estimating human motion state utilizes various statistics of accelerometer data, such as mean,
standard variation, skewness, kurtosis, eccentricity, as features for classification, and is expected to be more robust
than other existing methods that rely on only a few simple statistics.

SUMMARY

[0006] The following presents a simplified summary of the claimed subject matter in order to provide a basic under-
standing of some aspects described herein. This summary is not an extensive overview, and is not intended to identify
key/critical elements or to delineate the scope of the claimed subject matter. Its sole purpose is to present some concepts
in a simplified form as a prelude to the more detailed description that is presented later.
[0007] Described herein are systems and methods that can promote a fast and reliable indication of whether a sensor
has been moved or is stationary. This determination can be based on an analysis of a signal from the sensor. More
specifically, upon receiving the signal from the sensor, moments of the signal can be analyzed to determine whether
the signal is Gaussian. The sensor can include any sensor that produces Gaussian noise while not moving or produces
a response close to Gaussian noise. Examples of sensors that can be used in connection with this algorithm can include:
a gyroscope, an accelerometer, a compass, a pressure sensor, a proximity sensor, a range sensor, or the like. The
sensor can be any sensor that can be used to identify and/or characterize motion. The input can also be parameters
derived from sensor data such as a quaternion.
[0008] If the signal is determined to be non-Gaussian, then the signal is due to the sensor being moved. However, if
the signal is determined to be Gaussian, the systems and methods can determine that the sensor has not been moved.
If the sensor is a gyroscope, and when the systems or methods determine that the signal is a Gaussian signal, a gyroscope
bias can be determined. Additionally, if it is known a priori that the sensor has not been moved, the systems and methods
can use the same information to determine whether the sensor is working and/or to determine a quality of noise.
[0009] The following description and annexed drawings set forth certain illustrative aspects of the specification. These
aspects are indicative, however, of but a few of the various ways in which the principles of the specification can be
employed. Other advantages and novel features of the specification will become apparent from the following detailed
description of the specification when considered in conjunction with the drawings
[0010] According to an aspect of the disclosure, there is provided a computer implemented method according to claim
1. According to yet another aspect of the disclosure, there is provided a system according to claim 19.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Non-limiting and non-exhaustive embodiments of the subject disclosure are described with reference to the
following figures, wherein like reference numerals refer to like parts throughout the various views unless otherwise
specified.

FIG. 1 is a schematic block diagram of a system that determines whether a sensor has experienced a motion event
or a no motion event.
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FIG. 2 is a schematic process flow diagram of a method for determining whether a sensor has experienced a motion
event or a no motion event.
FIG. 3 is a schematic process flow diagram of a method for determining whether a signal is Gaussian.
FIG. 4 is a plot of a cumulative probability function for the difference between an estimated third order moment and
a theoretical third order moment (V3) with twenty-five samples and a standard deviation of one.
FIG. 5 is a plot of a cumulative probability function for the difference between an estimated third order moment and
a theoretical third order moment (V3) with twenty-five samples and a standard deviation of one, two, and three.
FIG. 6 is a plot a cumulative probability function for the difference between an estimated third order moment and a
theoretical third order moment (V3) with twenty-five, fifty and one-hundred samples and a standard deviation of one.
FIG. 7 is a schematic process flow diagram of a method for determining whether a signal is Gaussian.
FIG. 8 is a plot of a cumulative probability function for the difference between an estimated fourth order moment
and a theoretical fourth order moment (V4).
FIG. 9 is a plot of a cumulative probability function for the difference between an estimated fourth order moment
and a theoretical fourth order moment (V4) with twenty-five samples and a standard deviation of one, two, and three.
FIG. 10 is a schematic process flow diagram of a method for updating a bias of a gyroscope.
FIG. 11 is a schematic process flow diagram of a method for determining if a sensor is working properly.
FIG. 12 illustrates an exemplary computer network in which various embodiments described herein can be imple-
mented.
FIG. 13 illustrates an exemplary computing environment in which the various embodiments described herein can
be implemented.
FIG. 14 illustrates an exemplary handheld device in which various embodiments described herein can be imple-
mented.
FIG. 15 illustrates an exemplary handheld device in which various embodiments described herein can be imple-
mented.

DETAILED DESCRIPTION

[0012] Various non-limiting embodiments of a remote control device and methods utilized with the remote control
device are described herein. In the following description, numerous specific details are set forth in order to provide a
thorough understanding of one or more embodiments. One skilled in the relevant art will recognize, however, that the
techniques described herein can be practiced without one or more of the specific details, or with other methods, com-
ponents, materials, etc., and is not limited by these specific details and examples. In other instances, well-known struc-
tures, materials, and/or operations are not shown or described in detail to avoid obscuring certain aspects.
[0013] Reference throughout this specification to "one embodiment," or "an embodiment," means that a particular
feature, structure, or characteristic described in connection with the embodiment is included in at least one embodiment.
Thus, the appearances of the phrase "in one embodiment," or "in an embodiment," in various places throughout this
specification are not necessarily all referring to the same embodiment. Furthermore, the particular features, structures,
or characteristics can be combined in any suitable manner in one or more embodiments.
[0014] The word "exemplary" is used herein to mean serving as an example, instance, or illustration. For the avoidance
of doubt, the subject matter disclosed herein is not limited by such examples. Any aspect described herein as "exemplary"
is not necessarily to be construed as preferred or advantageous over other, nor is it meant to preclude equivalent
exemplary structures and techniques known to those of ordinary skill in the art. Furthermore, to the extent that the terms
"includes," "has," "contains," and other similar words are used in either the detailed description or the claims, such terms
are intended to be inclusive - in a manner similar to the term "comprising" as an open transition word - without precluding
any additional or other elements.
[0015] As used in this application, the term "or" is intended to mean an inclusive "or" rather than an exclusive "or."
Therefore, unless specified otherwise, or clear from context, "X employs A or B" is intended to mean any of the natural
inclusive permutations. That is, if X employs A; X employs B; or X employs both A and B, then "X employs A or B" is
satisfied under any of the foregoing instances. In addition, the articles "a" and "an" as used in this application and the
appended claims should generally be construed to mean "one or more" unless specified otherwise or clear from context
to be directed to a singular form.
[0016] Referring now to FIG. 1, illustrated is a schematic block diagram of a system 100 that determines whether a
sensor has experienced a motion event or a no motion event. The system 100 can be part of an electronic device (not
shown). By way of example and not limitation, the electronic device can be a mobile phone.
[0017] The system 100 can include a sensor chip 102. The sensor chip 102 can be, for example, an integrated circuit
(IC) chip. The sensor chip 102 can have one or more sensors (e.g., on the IC chip)(not shown). The sensors can be any
type of sensor capable of producing a Gaussian signal (e.g., the signal can include data that satisfy a Gaussian rela-
tionship). Examples of sensors that can be used in connection with this algorithm can include: a gyroscope, an accel-
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erometer, a compass, a pressure sensor, a proximity sensor, a range sensor, or the like. The sensor can be any sensor
that can be used to identify and/or characterize motion. The system can also use parameters derived from sensor data
such as a quaternion.
[0018] For example, the sensors can be MEMS-based motion sensors. An example of a MEMS-based motion sensor
is an accelerometer, which can be used to measure linear acceleration. The physical mechanisms underlying MEMS-
based accelerometers include capacitive, piezoresistive, electromagnetic, piezoelectric, ferroelectric, optical and tun-
neling. MEMS-based accelerometers can be simple devices consisting of a cantilever beam with a predetermined test
mass (also known as proof mass seismic mass). Under the influence of external accelerations, the mass deflects from
its neutral position. This deflection is measured in an analog or digital manner. Commonly, the capacitance between a
set of fixed beams and a set of beams attached to the proof mass is measured.
[0019] Other types of MEMS-based accelerometers can contain a small heater at the bottom of a very small dome,
which heats the air inside the dome to cause it to rise. A thermocouple on the dome determined where the heated air
reaches the dome and the deflection off the center is a measure of the acceleration applied to the sensor. MEMS-based
accelerometers generally operate in-plane, that is, they are designed to be sensitive only to a direction of the plane of
the die. By integrating two devices perpendicularly on a single die a two-axis accelerometer can be made. By adding
an additional out-of-plane device, three axes can be measured. Accelerometers with with integral electronics offer readout
electronics and self-test capability.
[0020] Another example of a MEMS-based motion sensor is a compass, which is an instrument used for determining
direction relative to the earth’s magnetic pole. A compass can include a magnetized pointer free to align itself with the
earth’s magnetic field. Miniature compasses are usually built out of two or three magnetic field sensors, for example Hall
sensors, that provide data for a microprocessor. The correct heading relative to the compass can be calculated using
trigonometry. Often, a miniature compass is a discrete component which outputs either a digital or analog signal pro-
portional to its orientation. This signal can be interpreted by a controller or a microprocessor. The compass can use
highly calibrated internal electronics to measure the response of the compass to the earth’s magnetic field. Examples
of miniature compasses available in the marketplace include the HMC1051Z single-axis and the HMC1052 two-axis
magnetoresistive sensors sold by Honeywell International Inc., the AK8973 3-axis electronic compass sold by Asahi
Kasei Microdevices Corporation, and the AMI 201 (2-axis) and the AMI 302 (3-axis) electronic compass modules sold
by Aichi Micro Intelligent Corporation of Japan.
[0021] Another example of a MEMS-based motion sensor is a gyroscope, which is a device used for measuring or
maintaining orientation, based on the principles of conservation of angular momentum. MEMS-based gyroscopes use
vibrating proof masses. Those masses typically vibrate at a high frequency. As the sensor housing rotates in inertial
space a Coriolis force is induced on the proof mass. The Coriolis force causes a vibration in an orthogonal plane and
the amplitude of the orthogonal motion can be measured. This type of device is also known as a Coriolis vibratory gyro
because as the plane of oscillation is rotated, the response detected by the transducer results from the Coriolis term in
its equations of motion ("Coriolis force"). A vibrating structure gyroscope can be implemented as a tuning fork resonator,
a vibrating wheel or a wine glass resonator using MEMS technology.
[0022] One of ordinary skill in the art will appreciate that the subject innovation is not limited to MEMS based devices,
that the MEMS based embodiments disclosed herein are exemplary, and that the subject innovation can be implemented
with any sensor that can be incorporated in a handheld device. Examples of sensors that can be used in connection
with this algorithm can include: a gyroscope, an accelerometer, a compass, a pressure sensor, a proximity sensor, a
range sensor, or the like. The sensor can be any sensor that can be used to identify and/or characterize motion. For
example, quartz sensors, can also be used herein. Other types of sensors that include mechanical components on the
micron or millimeter scale and can be combined with electronic circuitry can also be used in the subject innovation.
[0023] The sensor chip 102 can also have a processing power and/or capability. For example, the sensor chip 102
can have a processor (e.g., on the IC chip). The processor can be communicatively coupled to the sensor, enabling the
processor to receive a signal from the sensor. For example, on the sensor chip 102, the processor can be located next
to the sensor. This can enable the processor to receive a signal and/or data from the sensor and process the signal
and/or data (e.g., according to a motion detection algorithm) to determine whether the signal and/or data is due to a
motion event or a no motion event. However, the processing power and/or capability associated with the sensor chip
102 can be limited (e.g., due to size constraints).
[0024] To compensate for the limited processing power and/or capability, the sensor chip 102 can be associated with
a host device 104 (e.g., a CPU unit of a mobile device). The host device 104 can also have a processing power and/or
capability. The processing power and/or capability of the host device 104 can be greater than the processing power
and/or capability of the sensor chip 102.
[0025] The host device 104 can include a processor (not shown) with a greater processing power than the processor
associated with the sensor chip 102. The sensor chip 102 and the host device 104 can be communicatively coupled,
for example, through a coupling 106. The coupling can include, for example, an I2C bus and/or a serial port. The sensor
chip 102 can send a signal and/or data from the sensors to the host device 104 across the connection 106. The processor
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of the host device 104 can independently process the signal and/or data (e.g., according to the motion detection algorithm)
to determine whether the signal and/or data is due to a motion event or a no motion event.
[0026] Both the sensor chip 102 and the host device 104 can independently process signals and/or data from the
sensors. Having the sensor chip 102 with a processing power to run, for example, a motion detection algorithm, to detect
whether the signal and/or data is due to a motion event or a no motion event can reduce the amount of traffic between
the sensor chip 102 and the host device 104 across the connection 106. For example, the host device 104 can receive
a signal and/or data from the sensor less frequently than the processor on the sensor chip 102 receives the data.
[0027] The following non-limiting example is described to give context for system 100. The sensor chip 102 can include
a gyroscope (not illustrated). The gyroscope can send data to the processor associated with the sensor chip 102 and
across the connection 106 to the processor associated with the host device 104 (e.g., for parallel processing). The
gyroscope can send data to the host device 104 less frequently than it sends data to the processor associated with the
sensor chip 102 (e.g., reducing the amount of traffic between the sensor chip 102 and the host device 104). The processor
associated with the sensor chip 102 and the processor associated with the host device 104 can independently run a
motion detection algorithm to determine if the data is due to a motion event (e.g., a person moving the mobile phone)
or a no motion event (e.g., noise).
[0028] When the host device 104 determines that the data is due to a no motion event, the host can record a gyroscope
bias. The gyroscope bias, for example, can be applied to the gyroscope signal to reduce the error between true rotation
rate and measured rotation rate. The gyroscope bias also can be utilized, for example, for temperature compensation.
The processor of the sensor device 102 can also determine that the data is due to a no motion event and record a
gyroscope bias that can be utilized, for example, for temperature compensation. The processor of the sensor device
102 can utilize the data that is normally sent across the connection 106 (e.g., transport layer) to feed its motion detection
algorithm. If the processor associated with the sensor device 102 determines that a no motion event has occurred, and
a time period has elapsed and/or a temperature change has occurred, the processor associated with the sensor device
102 can utilize the gyroscope biases it calculated and/or read from the gyroscope to update the gyroscope biases. The
processor associated with the host device 104 can have similar functionality. This is an improvement over traditional
systems that, for example, ask the gyroscope what the motion state is at certain time periods and read the bias of the
gyroscope and the temperature if the bias and the temperature were not being sent to the host device 104.
[0029] Additionally, according to another non-limiting example, a gyroscope bias can have a correlation to temperature.
When determining the gyroscope bias, the bias and temperature can be saved and sent to a temperature compensation
algorithm. Over time, for example, the temperature compensation algorithm can learn the relationship between the
gyroscope bias and temperature. This compensation can then be applied to reduce the overall gyroscope error as
temperature changes in the figure.
[0030] For example, a gyroscope bias algorithm can run on the sensor device 102 (e.g., on hardware of the sensor
device 102). A temperature compensation algorithm can, additionally or alternatively, for example, run on the host device
104. The gyroscope bias can be communicated back to the host device 104 to be employed in connection with the
temperature compensation algorithm so to facilitate the temperature compensation algorithm learning the temperature
and gyroscope bias relationship.
[0031] Alternatively, the gyroscope bias algorithm can run on the sensor device 102. The gyroscope bias algorithm
can also run on the host device 104. Also running on the host device 104 can be the temperature compensation algorithm.
With the gyroscope bias algorithm and the temperature compensation algorithm both running on host device 104, there
can be, for example, a reduction in communication between the sensor device 102 and the host device 104 across the
coupling 106 (e.g., through I2C or serial ports) because typically gyroscope data is sent to the host device 104 when
the gyroscope is active, so additional data, including a no motion message and/or the gyroscope bias, would not have
to be sent. Even if the gyroscope bias algorithms running on the sensor device 102 and the host device 104 were different
and/or used different data rates, the algorithms could give similar enough results to be useful.
[0032] FIGs. 2, 3, 7, 10 and 11 illustrate methods for determining whether a signal from a sensor is due to a motion
event or a no motion event and/or motion detection algorithms. For simplicity of explanation, the methodologies are
depicted and described as a series of acts. It is to be understood and appreciated that the various embodiments are not
limited by the acts illustrated and/or by the order of acts. For example, acts can occur in various orders and/or concurrently,
and with other acts not presented or described herein. Furthermore, not all illustrated acts can be required to implement
the methodologies in accordance with the disclosed subject matter. In addition, those skilled in the art will understand
and appreciate that the methods could alternatively be represented as a series of interrelated states via a state diagram
or events. Additionally, it should be further appreciated that the methods described hereafter are capable of being stored
on an article of manufacture (e.g., a computer readable storage medium) to facilitate transporting and transferring such
methodologies to computers. The term article of manufacture, as used herein, is intended to encompass a computer
program accessible from any computer-readable device, carrier, or media. For example, these methods and/or algorithms
can be executed by the processor associated with sensor chip 102 and/or the processor associated with host device 104.
[0033] Referring now to FIG. 2, illustrated is a schematic process flow diagram of a method 200 for determining whether
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a sensor has experienced a motion event or a no motion event. At element 202, a processor can receive a signal and/or
data from a sensor. Examples of sensors that can be used in connection with this algorithm can include: a gyroscope,
an accelerometer, a compass, a pressure sensor, a proximity sensor, a range sensor, or the like. The sensor can be
any sensor that can be used to identify and/or characterize motion. The data can be, for example, quaternion data. The
processor can be associated with a sensor chip (e.g., sensor chip 102 of FIG. 1). The processor associated with the
sensor chip can be located next to the sensor (e.g., on an IC chip). The processor can also be associated with a host
device (e.g., host device 104 of FIG. 1). The processor associated with the host device can receive the signal and/or
data from the sensor across a transport layer (e.g., connection 106 of FIG. 1).
[0034] At element 204, the processor (e.g., the processor associated with the sensor chip and/or the processor as-
sociated with the host device) can determine if the signal is due to a motion event or a no motion event. The processor
associated with the sensor chip and/or the processor associated with the host device can apply an algorithm independently
to determine if the signal and/or data are due to a motion event or a no motion event. The processors can employ
algorithms described, for example, in FIGs. 3 and/or 7 to determine if the signal and/or data are due to a motion event
or a no motion event. These methods can be based the determination of whether the signal and/or data is due to a
motion event or a no motion event by analyzing the type of signal and/or data. For example, by analyzing the type of
signal and/or data, the signal and/or data can be determined to be a Gaussian process or a non-Gaussian process. If
the signal/and or data is determined to be Gaussian, it can be assumed that a no motion event has occurred. In contrast,
if the signal and/or data are determined to be non-Gaussian, it can be assumed that a motion event has occurred. In
practice, a false motion event is of less concern than a false no motion event, so the algorithms described herein take
advantage of this fact. It will be understood that the algorithms described herein can be combined with other motion
determination algorithms to further strengthen to no motion event criterion.
[0035] Referring now to FIG. 3, illustrated is a schematic process flow diagram of a method 300 for determining whether
a signal and/or data received from a sensor is Gaussian. As described above, if the signal and/or data are determined
to be Gaussian, it can be determined that no motion event has occurred. In contrast, if the signal and/or data are
determined to be non-Gaussian, it can be determined that a motion event has occurred.
[0036] At element 302, a signal can be received from a sensor (e.g., as described above). The signal can include data
of size N. For example, the data can be [x0, x1, ... , xN-1]. Additionally or alternatively, all axes of data from the sensor
can be utilized (e.g., three axes). The processor can determine whether the data is Gaussian utilizing estimated moments.
[0037] At element 304, the estimated first order moment for the data can be calculated. For example, the estimated
first order moment (T1) can be calculated according to the following:

where T1 is the first order moment, N is the size of the data, and xn is a data point within [x0, x1, ... , xN-1].
[0038] At element 306, the estimated second order moment for the data can be calculated. For example, the estimated
second order moment (T2) can be calculated according to the following:

where T2 is the estimated second order moment, N is the size of the data, and xn is a data point within [x0, x1,..., xN-1].
[0039] At element 308, the estimated third order moment for the data can be calculated. For example, the estimated
third order moment (T3) can be calculated according to the following:

where T3 is the estimated third order moment, N is the size of the data, and xn is a data point within [x0, x1,..., xN-1].
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[0040] It is well known, that if a process is Gaussian, all third order and higher moments can be calculated from the
first order moment and the second order moment. At element 310, it can be determined if the signal is Gaussian by
comparing the estimated third order moment calculated according to EQUATION 3 (T3) to a theoretical third order
moment. The theoretical third order moment can be calculated based on the estimated first order moment (T1) and the
estimated second order moment (T2). A difference (V3) between the estimated third order moment (T3) and the theoretical
third order moment can be expressed as:

where V3 is the difference between the estimated third order moment (T3) and the theoretical third order moment based
on T1 and T2, T1 is the estimated first order moment and T2 is the estimated second order moment.
[0041] In a Gaussian process, the third order moment T3 should be equal to the moment computed by using the true
first and second order moments. By using estimates of the moments and comparing the relationship when using estimates,
the errors produced on the comparison should be small for a Gaussian process. For example, the absolute value of V3
should be within a threshold range for the process to be Gaussian. Therefore, if the absolute value of V3 is less than
the threshold, the process is determined to be Gaussian, and the data from the sensor is determined to be due to a no
motion event. In contrast, if the absolute value of V3 is greater than the threshold, the process is determined to be non-
Gaussian, and the data from the sensor is determined to be due to a motion event. The threshold may have to be
increased if the sensor noise is not strictly Gaussian.
[0042] V3 can be computed according to EQUATION 4 for a known Gaussian sequence (e.g., [x1, x2, ... , xN-1] is
known to be Gaussian) with a standard deviation of 1. Referring now to FIG. 4, illustrated is a plot 400 of a cumulative
probability function for V3 with twenty-five samples (N =25) and a standard deviation of 1. Given the plot 400, a probability
of getting a no motion event can be set and a range that V3 needs to be within to achieve the probability. For example,
for a probability of eighty percent, V3 must be within a threshold of about -0.5 and 0.5.
[0043] The standard deviation used with the determination of V3 has an effect on the cumulative probability function.
Referring now to FIG. 5, illustrated is a plot of the cumulative probability function for V3 with twenty-five samples (N =
25) and standard deviations of 1 (Sigma_1), 2 (Sigma_2) and 3 (Sigma_3). The shape of the cumulative probability
function curve changes if the standard deviation is not 1. The V3 cumulative probability function is roughly expanded by
the standard deviation cubed.
[0044] The number of samples (N) used for the determination of V3 also has an effect on the cumulative probability
function. Referring now to FIG. 6, illustrated is a plot 600 of the cumulative probability function for V3 with twenty-five (N
= 25), fifty (N = 50), and one-hundred (N = 100) samples. As illustrated in plot 600, the number of samples (N) has a
square root(N) type effect on straightening the curve. In practice, 25 samples were found to be a good number to achieve
a fast no motion event with a low number of false motion events. Using a higher number of samples would be preferred
if time were not a constraint.
[0045] One option to facilitate achieving a stricter requirement without a large time loss is shown in FIG. 7. Illustrated
in FIG. 7 is a schematic process flow diagram of a method for determining whether a signal and/or data received from
a sensor is Gaussian. As described above, if the signal and/or data are determined to be Gaussian, it can be determined
that no motion event has occurred. In contrast, if the signal and/or data are determined to be non-Gaussian, it can be
determined that a motion event has occurred.
[0046] At element 702, a signal can be received from a sensor (e.g., as described above). Similar to element 302
above, the signal can include data of size N. For example, the data can be [x0, x1,..., xN-1]. Additionally or alternatively,
all axes of data from the sensor can be utilized (e.g., three axes). The processor can determine whether the data is
Gaussian utilizing well defined moments.
[0047] At element 704, similar to element 304 above, the estimated first order moment for the data can be calculated.
For example, the estimated first order moment (T1) can be calculated according to the following:

where T1 is the estimated first order moment, N is the size of the data, and xn is a data point within [x0, x1, ... , xN-1].
[0048] At element 706, similar to element 306 above, the estimated second order moment for the data can be calculated.
For example, the estimated second order moment (T2) can be calculated according to the following:
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where T2 is the estimated second order moment, N is the size of the data, and xn is a data point within [x0, x1,..., xN-1].
[0049] At element 708, similar to element 308 above, the estimated third order moment for the data can be calculated.
For example, the estimated third order moment (T3) can be calculated according to the following: 

where T3 is the estimated third order moment, N is the size of the data, and xn is a data point within [x0, x1,..., xN-1].
[0050] To achieve a stricter requirement, at element 712, the estimated fourth order moment for the data can be
calculated. For example, the estimated fourth order moment (T4) can be calculated according to the following:

where T4 is the estimated fourth order moment, N is the size of the data, and xn is a data point within [x0, x1,..., xN-1].
[0051] It is well known, that if a process is Gaussian, all third order and higher order moments (e.g., including the
fourth order moment) can be calculated from the first order moment and the second order moment. At element 712, it
can be determined if the signal is Gaussian by comparing the estimated fourth order moment calculated according to
EQUATION 5 (T4) to a theoretical fourth order Gaussian moment. The theoretical fourth order moment can be calculated
based on the estimated first order moment (T1) and the estimated second order moment (T2). A difference (V4) between
the estimated fourth order moment (T4) and the theoretical fourth order moment can be expressed as:

where V4 is the difference between the estimated fourth order moment (T4) and the theoretical fourth order moment
based on estimated T1, T2 and V3, T1 is the estimated first order moment and T2 is the estimated second order moment,
and V3 is found via EQUATION 4. V3 may be non zero due to estimation errors.
[0052] In a Gaussian process, the fourth order moment T4 should be equal to the moment computed by using the true
first and second order moments. By using estimates of the moments and comparing the relationship when using estimates,
the errors produced on the comparison should be small for a Gaussian process. For example, the absolute value of V4
should be within a threshold range for the process to be Gaussian. Therefore, if the absolute value of V4 is less than
the threshold, the process is determined to be Gaussian, and the data from the sensor is determined to be due to a no
motion event. In contrast, if the absolute value of V4 is greater than the threshold, the process is determined to be non-
Gaussian, and the data from the sensor is determined to be due to a motion event. The threshold may have to be
increased if the sensor noise is not strictly Gaussian.
[0053] V4 can be computed according to EQUATION 6 for a known Gaussian sequence (e.g., [x1, x2, ... , xN-1] is
known to be Gaussian) with a standard deviation of 1. Referring now to FIG. 8, illustrated is a plot 800 of a cumulative
probability function for V3 with twenty-five samples (N =25) and a standard deviation of 1. Given the plot 800, a probability
of getting a no motion event can be set and a range that V4 needs to be within to achieve the probability.
[0054] The standard deviation used with the determination of V4 has an effect on the cumulative probability function.
Referring now to FIG. 9, illustrated is a plot of the cumulative probability function for V4 with twenty-five samples (N =
25) and standard deviations of 1 (Sigma_1), 2 (Sigma_2) and 3 (Sigma_3). The shape of the cumulative probability
function curve changes if the standard deviation is not 1. The V4 cumulative probability function is roughly expanded by
the standard deviation to the power of four.
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[0055] Although not illustrated, the number of samples (N) used for the determination of V4 also has an effect on the
cumulative probability function. In practice, 25 samples are a good number to achieve fast no motion determinations
with a low number of false motion events. Using a higher number of samples would be preferred if time were not a
constraint.
[0056] Higher order moments can be utilized in the determination of a motion event or a no motion event. The same
techniques as illustrated in FIGs. 3 and 7 can be extended to higher powers. However, the higher powers can add
complexity and lose time benefits provided by the third or fourth order processes as illustrated in FIGs. 3 and 7. Additionally,
the sensor (e.g., gyroscope) can exhibit non-Gaussian traits for higher order moments. However, by way of example,
the fifth order difference can be found according to: 

where T5 is the estimated fifth order moment, T1 is the estimated first order moment, T2 is the estimated second order
moment, and V3 is found according to EQUATION 4.
[0057] By way of a non-limiting example, for more security in not getting a transition effect, more than a single motion
event can be detected. For example, three motion events can be detected. The second or third motion event can be
taken as the determination of a motion event or a no motion event. Since the number of samples is so few (e.g., N =
25), the time to get the no motion event remains small.
[0058] As a non-limiting example, the sensor can be a gyroscope and a determination of a no motion event can facilitate
setting the bias of the gyroscope. Referring now to FIG. 10, illustrated is a schematic process flow diagram of a method
for updating a bias of a gyroscope. At element 1002, a signal is received from a gyroscope. For example, the signal can
include data of size N. For example, the data can be [x0, x1,..., xN-1]. Additionally or alternatively, all axes of gyroscope
data can be utilized (e.g., three axes).
[0059] At element 1004, it can be determined (e.g., according to the methods illustrated in FIGs. 3 or 7) that the signal
is due to a no motion event. For example, the gyroscope data (e.g., [x0, x1,..., xN-1]) can be fed into the processes defined
by FIG. 3 or FIG. 7. It can be determined according to FIG. 3 or FIG. 7 whether the data is due to a motion event or a
no motion event. For example, if all values for each axes are within the proper threshold range, then a no motion event
can be declared.
[0060] At element 1006, if the data is determined to be due to a no motion event, a bias of the gyroscope can be set.
For example, the bias of the gyroscope can be set to the estimated first order moment (T1). A gyroscope bias is easy
to compute if it is known if the gyroscope is moving or not. On a typical gyroscope, the standard deviation is typically 1
or 2 bits, so just a few samples (e.g., N = 25) would give a good estimate of bias upon a determination of whether the
gyroscope is experiencing a motion event or a no motion event. The bias can simply be computed by taking an average
of the gyroscope sensor data while the gyroscope is not moving (e.g., T1).
[0061] In practice, a false motion event is of less concern than a false no motion event. This is because a false no
motion event can cause the wrong gyro bias to be applied, whereas for a false motion event, no bias correction happens.
[0062] If other sensors are attached, such as, an accelerometer, a compass, a pressure sensor, a proximity sensor,
a range sensor, or the like, then that data can optionally also be run through the methods as illustrated in FIG. 3 and/or
FIG. 7 and included in the motion event / no motion event determination. However, the bias for sensors other than the
gyroscope cannot be determined according to the method as illustrated in FIG. 11.
[0063] According to another non-limited example, the methods as described in FIG. 3 and FIG. 7 can be applied during
a test cycle to determine whether a sensor is good or not. Referring now to FIG. 11, illustrated is a schematic process
flow diagram of a method for determining if a sensor is working properly.
[0064] At element 1102, a signal can be received from a sensor that is known to be experiencing a no motion event.
For example, the signal can include data of size N. For example, the data can be [x0, x1,..., xN-1]. Additionally or alter-
natively, all axes of data from the sensor can be utilized (e.g., three axes).
[0065] At element 1104, it can be determined (e.g., according to the methods illustrated in FIGs. 3 or 7) that the signal
is due to a no motion event. For example, the data (e.g., [x0, x1,... , xN-1]) can be fed into the processes defined by FIG.
3 or FIG. 7. It can be determined according to FIG. 3 or FIG. 7 whether the data is due to a motion event or a no motion
event. For example, if all values for each axes are within the proper threshold range, then a no motion event can be
declared.
[0066] At element 1106, it can be determined whether the sensor is working properly. For example, at element 1102,
the sensor is known to be experiencing a no motion event. If, at element 1104, it is determined that the sensor is
experiencing a motion event, the sensor cannot be working properly. However, if, at element 1104, it is determined that
the sensor is experiencing a no motion event, then the sensor, which is known to by experiencing a no motion event, is
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working properly.
[0067] If it is known that a device is not moving, V3 as defined in FIG. 3 or V4 as defined in FIG. 7 can be used to
qualify a sensor as good or not in a test cycle. There is typically a small distribution of standard deviations for a particular
sensor. If the standard deviation distribution is unknown, then the range of values accepted for a no motion event can
be adjusted by multiplying the range of values by (T2 - T1

2)3/2. It is still advisable to have a limit for the upper range that
could be achieved for a no motion event.
[0068] Referring now to FIGs. 12-15, illustrated therein are exemplary computing networks 1200, computing environ-
ments 1300, and mobile devices 1400, 1500 that can facilitate implementation of the systems and methods described
above. Each of figures 12-15 is not intended to be limiting, but, instead, to give a exemplary hardware context to the
systems and methods described above.
[0069] Referring now to Fig. 12, illustrated is a non-limiting schematic diagram of an exemplary networked or distributed
computing environment 1200. The distributed computing environment comprises computing objects 1210, 1212, etc.
and computing objects or devices 1220, 1222, 1224, 1226, 1228, etc., which can include programs, methods, data
stores, programmable logic, etc., as represented by applications 1230, 1232, 1234, 1236, 1238. It can be appreciated
that objects 1210, 1212, etc. and computing objects or devices 1220, 1222, 1224, 1226, 1228, etc. can comprise different
devices, such as remote controllers, PDAs, audio/video devices, mobile phones, MP3 players, laptops, etc.
[0070] Each object 1210, 1212, etc. and computing objects or devices 1220, 1222, 1224, 1226, 1228, etc. can com-
municate with one or more other objects 1210, 1212, etc. and computing objects or devices 1220, 1222, 1224, 1226,
1228, etc. by way of the communications network 1240, either directly or indirectly. Even though illustrated as a single
element in FIG. 12, network 1240 can comprise other computing objects and computing devices that provide services
to the system of FIG. 12, and/or can represent multiple interconnected networks, which are not shown. Each object
1210, 1212, etc. or 1220, 1222, 1224, 1226, 1228, etc. can also contain an application, such as applications 1230, 1232,
1234, 1236, 1238, that might make use of an API, or other object, software, firmware and/or hardware, suitable for
communication with or implementation of the delayed interaction model as provided in accordance with various embod-
iments.
[0071] There are a variety of systems, components, and network configurations that support distributed computing
environments. For example, computing systems can be connected together by wired or wireless systems, by local
networks or widely distributed networks. Currently, many networks are coupled to the Internet, which provides an infra-
structure for widely distributed computing and encompasses many different networks, though any network infrastructure
can be used for exemplary communications made incident to the techniques as described in various embodiments.
[0072] Thus, a host of network topologies and network infrastructures, such as client/server, peer-to-peer, or hybrid
architectures, can be utilized. In a client/server architecture, particularly a networked system, a client is usually a computer
that accesses shared network resources provided by another computer, e.g., a server. In the illustration of FIG. 12, as
a non-limiting example, computers 1220, 1222, 1224, 1226, 1228, etc. can be thought of as clients and computers 1210,
1212, etc. can be thought of as servers where servers 1210, 1212, etc. provide data services, such as receiving data
from client computers 1220, 1222, 1224, 1226, 1228, etc., storing of data, processing of data, transmitting data to client
computers 1220, 1222, 1224, 1226, 1228, etc., although any computer can be considered a client, a server, or both,
depending on the circumstances. Any of these computing devices can be processing data, or requesting services or
tasks that can implicate the delayed interaction model and related techniques as described herein for one or more
embodiments.
[0073] A server is typically a remote computer system accessible over a remote or local network, such as the Internet
or wireless network infrastructures. The client process can be active in a first computer system, and the server process
can be active in a second computer system, communicating with one another over a communications medium, thus
providing distributed functionality and allowing multiple clients to take advantage of the information-gathering capabilities
of the server. Any software objects utilized pursuant to the direction based services can be provided standalone, or
distributed across multiple computing devices or objects.
[0074] In a network environment in which the communications network/bus 1240 is the Internet, for example, the
servers 1210, 1212, etc. can be Web servers with which the clients 1220, 1222, 1224, 1226, 1228, etc. communicate
via any of a number of known protocols, such as the hypertext transfer protocol (HTTP). Servers 1210, 1212, etc. can
also serve as clients 1220, 1222, 1224, 1226, 1228, etc., as can be characteristic of a distributed computing environment.
[0075] As a further non-limiting example, various embodiments described herein apply to any handheld, portable and
other computing devices and computing objects of all kinds are contemplated for use in connection with the various
embodiments described herein, i.e., anywhere that a device can request pointing based services. Accordingly, the
general purpose remote computer described below in Fig. 3 is but one example, and the embodiments of the subject
disclosure can be implemented with any client having network/bus interoperability and interaction.
[0076] Although not required, any of the embodiments can partly be implemented via an operating system, for use by
a developer of services for a device or object, and/or included within application software that operates in connection
with the operable component(s). Software can be described in the general context of computer executable instructions,
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such as program modules, being executed by one or more computers, such as client workstations, servers or other
devices. Those skilled in the art will appreciate that network interactions can be practiced with a variety of computer
system configurations and protocols.
[0077] FIG. 13 illustrates an example of a suitable computing system environment 1300 in which one or more of the
embodiments can be implemented, although as made clear above, the computing system environment 1300 is only one
example of a suitable computing environment and is not intended to suggest any limitation as to the scope of use or
functionality of any of the embodiments. Neither should the computing environment 1300 be interpreted as having any
dependency or requirement relating to any one or combination of components illustrated in the exemplary operating
environment 1300.
[0078] With reference to FIG. 13, an exemplary remote device for implementing one or more embodiments herein can
include a general purpose computing device in the form of a handheld computer 1310. Components of handheld computer
1310 can include, but are not limited to, a processing unit 1320, a system memory 1330, and a system bus 1321 that
couples various system components including the system memory to the processing unit 1320.
[0079] Computer 1310 typically includes a variety of computer readable media and can be any available media that
can be accessed by computer 1310. The system memory 1330 can include computer storage media in the form of
volatile and/or nonvolatile memory such as read only memory (ROM) and/or random access memory (RAM). By way of
example, and not limitation, memory 1330 can also include an operating system, application programs, other program
modules, and program data.
[0080] A user can enter commands and information into the computer 1310 through input devices 1340. A monitor or
other type of display device is also connected to the system bus 1321 via an interface, such as output interface 1350.
In addition to a monitor, computers can also include other peripheral output devices such as speakers and a printer,
which can be connected through output interface 1350.
[0081] The computer 1310 can operate in a networked or distributed environment using logical connections to one or
more other remote computers, such as remote computer 1370. The remote computer 1370 can be a personal computer,
a server, a router, a network PC, a peer device or other common network node, or any other remote media consumption
or transmission device, and can include any or all of the elements described above relative to the computer 1310. The
logical connections depicted in FIG. 13 include a network 1371, such local area network (LAN) or a wide area network
(WAN), but can also include other networks/buses. Such networking environments are commonplace in homes, offices,
enterprise-wide computer networks, intranets and the Internet.
[0082] As described above, various embodiments can be embodied on a mobile device. FIGs. 14 and 15 illustrate
exemplary embodiments of a mobile device. Referring now to FIG. 14, illustrated is a mobile device 1400 that can be
moved in on three axes. As illustrated in FIG. 15, the mobile device 1500 can include sensors, such as a gyroscope
1502, an accelerometer 1504, and/or a compass 1506 (the mobile device can also any sensor that can sense inertia,
pressure, proximity, range, and the like, although it is not illustrated; the gyroscope 1502, accelerometer 1504, and
compass 1506 are merely exemplary). The sensors can be communicatively coupled to a processing module 1508. For
example, one or more sensors can be on an IC chip, as described above (e.g., sensor chip 102). The sensor chip can
have associated processing power and/or capabilities. Additionally, processing module 1508 can have additional process-
ing power and/or capabilities (e.g., host device 104). The sensors 1502-1506 as illustrated in FIG. 15 can experience
motion on three axes as illustrated in FIG. 14. Data from the sensors on the three axes can be fed into the methods as
illustrated in FIG. 3 and FIG. 7 and the motion / no motion determination made based on the data from the three axes.
[0083] While the various embodiments have been described in connection with the various figures, it is to be understood
that other similar embodiments can be used or modifications and additions can be made to the described embodiment
for performing the same function without deviating therefrom. Therefore, the present innovation should not be limited to
any single embodiment, but rather should be construed in breadth and scope in accordance with the appended claims.

Claims

1. A computer implemented method (200, 300), comprising:

receiving (202, 302) a data signal from a motion sensor, wherein the data signal comprises data values as a
function of user motion and noise; wherein a computer executes instructions for:
determining (304) an average of the data values; wherein the average of the data values comprises a first order
moment;
determining (306) an average of squares of the data values; wherein the average of the squares of the data
values comprises a second order moment;
determining an average of cubes of the data values;
determining a difference between a third order moment calculated only using the average of cubes and a third
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order moment calculated using only the first and second order moments, wherein the noise is Gaussian noise; and
determining (204) whether the motion sensor has experienced a user motion event or a user no motion event
based on the difference.

2. The computer implemented method (200, 300) of claim 1, wherein the determining (204) further comprises deter-
mining that no user motion has occurred when the difference is within a threshold range.

3. The computer implemented method (200, 300) of claim 2, wherein the receiving (202, 302) the data signal comprises
receiving the data signal from an accelerometer.

4. The computer implemented method (200, 300) of claim 2, wherein the receiving (202, 302) the data signal comprises
receiving the data signal from a compass.

5. The computer implemented method (200, 300) of claim 2, wherein the receiving (202, 302) the data comprises
receiving the data from a gyroscope.

6. The computer implemented method (200, 300) of claim 5, further comprising setting (1006) a gyroscope bias when
no user motion has occurred.

7. The computer implemented method (200, 300) of claim 5, wherein the setting (1006) further comprises setting the
gyroscope bias to the average of the data values.

8. The computer implemented method (200, 300) of claim 5, wherein the determining further comprising setting a
gyroscope temperature compensation learning term when no user motion has occurred.

9. The computer implemented method (200, 300) of claim 1, further comprising:

determining an average of fourth powers of the data values;
determining a second difference between the average of the fourth powers and an expected fourth order moment,
wherein the expected fourth order moment is calculated from the average of the squares and the average of
the data values; and
determining whether a user motion event has occurred based on the second difference.

10. The computer implemented method (200, 300) of claim 1, further comprising:

determining an average of fourth powers of the data values;
determining an average of fifth powers of the data values;
determining a third difference between the average of the fifth powers and an expected fifth order moment,
wherein the expected fifth order moment is calculated from the from the average of the squares and the average
of the data values; and
determining whether a user motion event has occurred based on the third difference.

11. The computer implemented method (200, 300) of claim 1, wherein:

receiving (202, 302) a data signal from a motion sensor, wherein the data signal comprises data values as a
function of motion and noise, comprises receiving a data signal from a motion sensor when the motion sensor
is known not to be moving.

12. The computer implemented method (200, 300) of claim 11, wherein the determining (204) whether the motion sensor
has experienced a user motion event or a user no motion event further comprises confirming that the motion sensor
has recorded a no motion event if the difference is within a threshold range.

13. The computer implemented method (200, 300) of claim 11, wherein the receiving (202, 302) the data signal further
comprises receiving the data signal from an accelerometer.

14. The computer implemented method (200, 300) of claim 11, wherein the receiving (202, 302) the data signal further
comprises receiving the data signal from a compass.
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15. The computer implemented method (200, 300) of claim 11, wherein the receiving (202, 302) the data signal further
comprises receiving the data signal from a gyroscope.

16. The computer implemented method (200, 300) of claim 11, further comprising:

determining an average of fourth powers of the data values;
determining a second difference between the average of the fourth powers and an expected fourth order moment,
wherein the expected fourth order moment is calculated from the average of the squares and the average of
the data values; and
determining whether the motion sensor is working properly based on the second difference.

17. The computer implemented method (200, 300) of claim 1, wherein:

determining a difference is based on the equation 

where V3 is the difference between the estimated third order moment (T3) and the theoretical third order moment
based on T1 and T2, T1 is the estimated first order moment and T2 is the estimated second order moment,
wherein the noise is Gaussian noise; and
determining whether the motion sensor has experienced a user motion event or a user no motion event based
on the difference.

18. The computer implemented method (200, 300) of claim 17 further including:

determining an average of fourth power of the data values;
determining a difference based on the equation 

where V4 is the difference between the estimated fourth order moment (T4) and the theoretical fourth order
moment based on estimated T1, T2 and V3, and
determining whether a user motion event has occurred based on the difference.

19. A system (101), comprising:

a sensor chip (102) comprising a gyroscope (1502) and a first processor configured to run a motion detection
algorithm on data from the gyroscope;
a host device (104) communicatively coupled to the sensor chip comprising a second processor configured to
independently run the motion detection algorithm on the data from the sensor chip and further configured to
run a temperature compensation algorithm, wherein the data signal comprises data values as a function of user
motion and noise; wherein the motion detection algorithm determines an average of the data values; wherein
the average of the data values comprises a first order moment; determines an average of squares of the data
values; wherein the average of the squares of the data values comprises a second order moment; determines
an average of cubes of the data values; determines a difference between a third order moment calculated only
using the average of cubes and a third order moment calculated using only the first and second order moments,
wherein the noise is Gaussian noise; and determines whether the sensor chip has experienced a user motion
event or a user no motion event based on the difference;
wherein when the motion detection algorithm running on the first processor detects a no motion event, the
second processor records a bias for the gyroscope that is used within the temperature compensation algorithm.

20. The system (100) of claim 19, wherein the host device (104) is communicatively coupled to the sensor chip via an
I2C bus or a serial port.

21. The system (100) of claim 19, wherein the host device (104) utilizes the data from the gyroscope (1502) to feed the
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motion detection algorithm.

22. The system of claim 19, wherein the first processor is configured to determine that no motion has occurred upon
an end of a time period or a temperature change and to utilize the bias for the gyroscope.

23. The system (100) of claim 19, wherein the second processor is configured to run the motion detection algorithm in
parallel with the first processor.

Patentansprüche

1. Computerimplementiertes Verfahren (200, 300), welches aufweist:

Empfangen (202, 302) eines Datensignals von einem Bewegungssensor, wobei das Datensignal Datenwerte
als eine Funktion einer Benutzerbewegung und Rauschen aufweist;
wobei ein Computer Anweisungen für das Folgende ausführt:

Bestimmen (304) eines Durchschnitts der Datenwerten;
wobei der Durchschnitt der Datenwerte ein Moment erster Ordnung aufweist;
Bestimmen (306) eines Durchschnitts von Quadraten der Datenwerte; wobei der Durchschnitt der Quadrate
der Datenwerte ein Moment zweiter Ordnung aufweist;
Bestimmen eines Durchschnitts von Kuben der Datenwerte;
Bestimmen einer Differenz zwischen einem Moment dritter Ordnung, das nur unter Verwendung des Durch-
schnitts von Kuben berechnet wird, und einem Moment dritter Ordnung, das nur unter Verwendung der
Momente erster und zweiter Ordnung berechnet wird, wobei das Rauschen ein Gauß’sches Rauschen ist;
und
Bestimmen (204), ob der Bewegungssensor ein Benutzerbewegungs-Ereignis oder ein Benutzer-Nichtbe-
wegungs-Ereignis erfahren hat, auf Basis der Differenz.

2. Computerimplementiertes Verfahren (200, 300) nach Anspruch 1, wobei das Bestimmen (204) ferner das Bestimmen
aufweist, dass keine Benutzerbewegung stattgefunden hat, wenn die Differenz innerhalb eines Schwellenbereiches
liegt.

3. Computerimplementiertes Verfahren (200, 300) nach Anspruch 2, wobei das Empfangen (202, 302) des Datensig-
nals das Empfangen des Datensignals von einem Beschleunigungsmesser aufweist.

4. Computerimplementiertes Verfahren (200, 300) nach Anspruch 2, wobei das Empfangen (202, 302) des Datensig-
nals das Empfangen des Datensignals von einem Kompass aufweist.

5. Computerimplementiertes Verfahren (200, 300) nach Anspruch 2, wobei das Empfangen (202, 302) der Daten das
Empfangen der Daten von einem Gyroskop aufweist.

6. Computerimplementiertes Verfahren (200, 300) nach Anspruch 5, ferner aufweisend das Einstellen (1006) einer
Gyroskop-Vorspannung, wenn keine Benutzerbewegung stattgefunden hat.

7. Computerimplementiertes Verfahren (200, 300) nach Anspruch 5, wobei das Einstellen (1006) ferner aufweist, dass
die Gyroskop-Vorspannung auf den Durchschnitt der Datenwerte eingestellt wird.

8. Computerimplementiertes Verfahren (200, 300) nach Anspruch 5, wobei das Bestimmen ferner das Einstellen eines
Gyroskoptemperaturkompensations-Lernterms aufweist, wenn keine Benutzerbewegung stattgefunden hat.

9. Computerimplementiertes Verfahren (200, 300) nach Anspruch 1, welches ferner aufweist:

Bestimmen eines Durchschnitts vierter Potenzen der Datenwerte;
Bestimmen einer zweiten Differenz zwischen dem Durchschnitt der vierten Potenzen und eines erwarteten
Moments vierter Ordnung, wobei das erwartete Moment vierter Ordnung aus dem Durchschnitt der Quadrate
und dem Durchschnitt der Datenwerte berechnet wird; und
Bestimmen, ob ein Benutzerbewegungsereignis stattgefunden hat, auf der Basis der zweiten Differenz.
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10. Computerimplementiertes Verfahren (200, 300) nach Anspruch 1, welches ferner aufweist:

Bestimmen eines Durchschnitts vierter Potenzen der Datenwerte;
Bestimmen eines Durchschnitts fünfter Potenzen der Datenwerte;
Bestimmen einer dritten Differenz zwischen dem Durchschnitt der fünften Potenzen und eines erwarteten Mo-
ments fünfter Ordnung, wobei das erwartete Moment fünfter Ordnung aus dem Durchschnitt der Quadrate und
dem Durchschnitt der Datenwerte berechnet wird; und
Bestimmen, ob ein Benutzerbewegungsereignis stattgefunden hat, auf der Basis der dritten Differenz.

11. Computerimplementiertes Verfahren (200, 300) nach Anspruch 1, wobei:

das Empfangen (202, 302) eines Datensignals von einem Bewegungssensor, wobei das Datensignal Daten-
werte als eine Funktion von Bewegung und Rauschen aufweist, das Empfangen eines Datensignals von einem
Bewegungssensor aufweist, wenn bekannt ist, dass sich der Bewegungssensor nicht bewegt.

12. Computerimplementiertes Verfahren (200, 300) nach Anspruch 11, wobei das Bestimmen (204), ob der Bewegungs-
sensor ein Benutzerbewegungs-Ereignis oder ein Benutzer-Nichtbewegungs-Ereignis erfahren hat, ferner das Be-
stätigen aufweist, dass der Bewegungssensor ein Nicht-Bewegungs-Ereignis aufgezeichnet hat, wenn die Differenz
innerhalb eines Schwellenbereiches liegt.

13. Computerimplementiertes Verfahren (200, 300) nach Anspruch 11, wobei das Empfangen (202, 302) des Daten-
signals ferner das Empfangen des Datensignals von einem Beschleunigungsmesser aufweist.

14. Computerimplementiertes Verfahren (200, 300) nach Anspruch 11, wobei das Empfangen (202, 302) des Daten-
signals ferner das Empfangen des Datensignals von einem Kompass aufweist.

15. Computerimplementiertes Verfahren (200, 300) nach Anspruch 11, wobei das Empfangen (202, 302) des Daten-
signals ferner das Empfangen des Datensignals von einem Gyroskop aufweist.

16. Computerimplementiertes Verfahren (200, 300) nach Anspruch 11, welches ferner aufweist:

Bestimmen eines Durchschnitts vierter Potenzen der Datenwerte;
Bestimmen einer zweiten Differenz zwischen dem Durchschnitt der vierten Potenzen und eines erwarteten
Moments vierter Ordnung, wobei das erwartete Moment vierter Ordnung aus dem Durchschnitt der Quadrate
und dem Durchschnitt der Datenwerte berechnet wird; und
Bestimmen, ob der Bewegungssensor korrekt arbeitet, auf der Basis der zweiten Differenz.

17. Computerimplementiertes Verfahren (200, 300) nach Anspruch 1, wobei:

das Bestimmen einer Differenz auf der Gleichung 

wobei V3 die Differenz zwischen dem berechneten Moment dritter Ordnung (T3) und dem theoretischen Moment
dritter Ordnung auf der Basis von T1 und T2 ist, T1 das geschätzte Moment erster Ordnung ist und T2 das
geschätzte Moment zweiter Ordnung ist, wobei das Rauschen ein Gauß’sches Rauschen ist; und
Bestimmen, ob der Bewegungssensor ein Benutzerbewegungsereignis oder ein Benutzer-Nichtbewegungs-
Ereignis erfahren hat, auf Basis der Differenz.

18. Computerimplementiertes Verfahren (200, 300) nach Anspruch 17, welches ferner beinhaltet:

Bestimmen eines Durchschnitts vierter Potenzen der Datenwerte;
Bestimmen einer Differenz auf Basis der Gleichung 
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wobei V4 die Differenz zwischen dem berechneten Moment vierter Ordnung (T4) und dem theoretischen Moment
vierter Ordnung auf der Basis der geschätzten T1 und T2 und V3 ist; und
Bestimmen, ob ein Benutzerbewegungs-Ereignis stattgefunden hat, auf Basis der Differenz.

19. System (101), welches aufweist:

einen Sensorchip (102) mit einem Gyroskop (1502) und einem ersten Prozessor, der konfiguriert ist, um einen
Bewegungsdetektionsalgorithmus an Daten von dem Gyroskop laufen zu lassen;
eine Host-Vorrichtung (104), die kommunikativ mit dem Sensorchip gekoppelt ist und einen zweiten Prozessor
aufweist, der konfiguriert ist, um den Bewegungsdetektionsalgorithmus an den Daten von dem Sensorchip
laufen zu lassen, und ferner konfiguriert ist, um einen Temperaturkompensationsalgorithmus laufen zu lassen,
wobei das Datensignal Datenwerte als eine Funktion einer Benutzerbewegung und von Rauschen aufweist;
wobei der Bewegungsdetektionsalgorithmus einen Durchschnitt von Datenwerten bestimmt; wobei der Durch-
schnitt der Datenwerte ein Moment erster Ordnung aufweist;
einen Durchschnitt von Quadraten der Datenwerte bestimmt; wobei der Durchschnitt der Quadrate der Daten-
werte ein Moment zweiter Ordnung aufweist;
einen Durchschnitt von Kuben der Datenwerte bestimmt;
eine Differenz zwischen einem Moment dritter Ordnung, das nur unter Verwendung des Durchschnitts von
Kuben berechnet wird, und einem Moment dritter Ordnung, das nur unter Verwendung der Momente erster und
zweiter Ordnung berechnet wird, bestimmt, wobei das Rauschen ein Gauß’sches Rauschen ist; und bestimmt,
ob der Sensorchip ein Benutzerbewegungs-Ereignis oder ein Benutzer-Nichtbewegungslosigkeits-Ereignis er-
fahren hat, auf Basis der Differenz;
wobei, wenn der auf dem ersten Prozessor laufende Bewegungsdetektionsalgorithmus ein Nichtbewegungs-
Ereignis detektiert, der zweite Prozessor eine Vorspannung für das Gyroskop aufzeichnet, die innerhalb des
Temperaturkompensationsalgorithmus verwendet wird.

20. System (100) nach Anspruch 19, wobei die Host-Vorrichtung (104) über einen 12C-Bus oder eine serielle Schnittstelle
kommunikativ mit dem Sensorchip gekoppelt ist.

21. System (100) nach Anspruch 19, wobei die Host-Vorrichtung (104) die Daten von dem Gyroskop (1502) verwendet,
um den Bewegungsdetektionsalgorithmus zu speisen.

22. System nach Anspruch 19, wobei der erste Prozessor konfiguriert ist, um zu bestimmen, dass nach einem Ende
einer Zeitspanne oder einer Temperaturänderung keine Bewegung stattgefunden hat, und die Vorspannung für das
Gyroskop zu verwenden.

23. System (100) nach Anspruch 19, wobei der zweite Prozessor konfiguriert ist, um den Bewegungsdetektionsalgo-
rithmus parallel mit dem ersten Prozessor laufen zu lassen.

Revendications

1. Procédé (200, 300) mis en oeuvre par ordinateur, comprenant :

la réception (202, 302) d’un signal de données en provenance d’un capteur de mouvement, le signal de données
comprenant des valeurs de données en tant que fonction de mouvement d’utilisateur et de bruit ;

dans lequel un ordinateur exécute des instructions pour :

déterminer (304) une moyenne des valeurs de données ; la moyenne des valeurs de données comprenant un
moment de premier ordre ;
déterminer (306) une moyenne de carrés des valeurs de données ; la moyenne des carrés des valeurs de
données comprenant un moment de second ordre ;
déterminer une moyenne de cubes des valeurs de données ;
déterminer une différence entre un moment de troisième ordre calculé seulement à l’aide de la moyenne de
cubes et un moment de troisième ordre calculé à l’aide seulement des moments de premier et second ordres,
le bruit étant un bruit Gaussien ; et
déterminer (204) si le capteur de mouvement a subi un événement de mouvement d’utilisateur ou un événement
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de non-mouvement d’utilisateur sur la base de la différence.

2. Procédé (200, 300) mis en oeuvre par ordinateur selon la revendication 1, dans lequel la détermination (204)
comprend en outre la détermination qu’aucun mouvement d’utilisateur ne s’est produit lorsque la différence est à
l’intérieur d’une plage de seuil.

3. Procédé (200, 300) mis en oeuvre par ordinateur selon la revendication 2, dans lequel la réception (202, 302) du
signal de données comprend la réception du signal de données en provenance d’un accéléromètre.

4. Procédé (200, 300) mis en oeuvre par ordinateur selon la revendication 2, dans lequel la réception (202, 302) du
signal de données comprend la réception du signal de données en provenance d’un compas.

5. Procédé (200, 300) mis en oeuvre par ordinateur selon la revendication 2, dans lequel la réception (202, 302) des
données comprend la réception des données en provenance d’un gyroscope.

6. Procédé (200, 300) mis en oeuvre par ordinateur selon la revendication 5, comprenant en outre le réglage (1006)
d’un biais de gyroscope lorsqu’aucun mouvement d’utilisateur ne s’est produit.

7. Procédé (200, 300) mis en oeuvre par ordinateur selon la revendication 5, dans lequel le réglage (1006) comprend
en outre le réglage du biais de gyroscope à la moyenne des valeurs de données.

8. Procédé (200, 300) mis en oeuvre par ordinateur selon la revendication 5, dans lequel la détermination comprend
en outre le réglage d’un terme d’apprentissage de compensation de température de gyroscope lorsqu’aucun mou-
vement d’utilisateur ne s’est produit.

9. Procédé (200, 300) mis en oeuvre par ordinateur selon la revendication 1, comprenant en outre :

la détermination d’une moyenne de quatrièmes puissances des valeurs de données ;
la détermination d’une seconde différence entre la moyenne des quatrièmes puissances et un moment de
quatrième ordre attendu, le moment de quatrième ordre attendu étant calculé à partir de la moyenne des carrés
et de la moyenne des valeurs de données ; et
la détermination du point de savoir si un événement de mouvement d’utilisateur s’est produit sur la base de la
seconde différence.

10. Procédé (200, 300) mis en oeuvre par ordinateur selon la revendication 1, comprenant en outre :

la détermination d’une moyenne de quatrièmes puissances des valeurs de données ;
la détermination d’une moyenne de cinquièmes puissances des valeurs de données ;
la détermination d’une troisième différence entre la moyenne des cinquièmes puissances et un moment de
cinquième ordre attendu, le moment de cinquième ordre attendu étant calculé à partir de la moyenne des carrés
et de la moyenne des valeurs de données ; et
la détermination du point de savoir si un événement de mouvement d’utilisateur s’est produit sur la base de la
troisième différence.

11. Procédé (200, 300) mis en oeuvre par ordinateur selon la revendication 1, dans lequel :

la réception (202, 302) d’un signal de données en provenance d’un capteur de mouvement, le signal de données
comprenant des valeurs de données en tant que fonction de mouvement et de bruit, comprend la réception
d’un signal de données en provenance d’un capteur de mouvement lorsque le capteur de mouvement est connu
comme n’étant pas en mouvement.

12. Procédé (200, 300) mis en oeuvre par ordinateur selon la revendication 11, dans lequel la détermination (204) du
point de savoir si le capteur de mouvement a subi un événement de mouvement d’utilisateur ou un événement de
non-mouvement d’utilisateur comprend en outre la confirmation que le capteur de mouvement a enregistré un
événement de non-mouvement si la différence est à l’intérieur d’une plage de seuil.

13. Procédé (200, 300) mis en oeuvre par ordinateur selon la revendication 11, dans lequel la réception (202, 302) du
signal de données comprend en outre la réception du signal de données en provenance d’un accéléromètre.
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14. Procédé (200, 300) mis en oeuvre par ordinateur selon la revendication 11, dans lequel la réception (202, 302) du
signal de données comprend en outre la réception du signal de données en provenance d’un compas.

15. Procédé (200, 300) mis en oeuvre par ordinateur selon la revendication 11, dans lequel la réception (202, 302) du
signal de données comprend en outre la réception du signal de données en provenance d’un gyroscope.

16. Procédé (200, 300) mis en oeuvre par ordinateur selon la revendication 11, comprenant en outre :

la détermination d’une moyenne de quatrièmes puissances des valeurs de données ;
la détermination d’une seconde différence entre la moyenne des quatrièmes puissances et un moment de
quatrième ordre attendu, le moment de quatrième ordre attendu étant calculé à partir de la moyenne des carrés
et de la moyenne des valeurs de données ; et
la détermination du point de savoir si le capteur de mouvement fonctionne correctement sur la base de la
seconde différence.

17. Procédé (200, 300) mis en oeuvre par ordinateur selon la revendication 1, dans lequel :

la détermination d’une différence est basée sur l’équation 

où V3 est la différence entre le moment de troisième ordre estimé (T3) et le moment de troisième ordre théorique
basé sur T1 et T2, T1 est le moment de premier ordre estimé et T2 est le moment de second ordre estimé, le
bruit étant un bruit Gaussien ; et
la détermination du point de savoir si le capteur de mouvement a subi un événement de mouvement d’utilisateur
ou un événement de non-mouvement d’utilisateur sur la base de la différence.

18. Procédé (200, 300) mis en oeuvre par ordinateur selon la revendication 17 comprenant en outre :

la détermination d’une moyenne de quatrième puissance des valeurs de données ;
la détermination d’une différence sur la base de l’équation 

où V4 est la différence entre le moment de quatrième ordre estimé (T4) et le moment de quatrième ordre
théorique basé sur T1, T2 et V3 estimés, et
la détermination du point de savoir si un événement de mouvement d’utilisateur s’est produit sur la base de la
différence.

19. Système (101), comprenant :

une puce de capteur (102) comprenant un gyroscope (1502) et un premier processeur configuré pour exécuter
un algorithme de détection de mouvement sur des données en provenance du gyroscope ;
un dispositif hôte (104) couplé en communication à la puce de capteur comprenant un second processeur
configuré pour exécuter indépendamment l’algorithme de détection de mouvement sur les données en prove-
nance de la puce de capteur et en outre configuré pour exécuter un algorithme de compensation de température,
dans lequel le signal de données comprend des valeurs de données en tant que fonction de mouvement
d’utilisateur et de bruit ; dans lequel l’algorithme de détection de mouvement détermine une moyenne des
valeurs de données ; dans lequel la moyenne des valeurs de données comprend un moment de premier ordre ;
détermine une moyenne de carrés des valeurs de données ; dans lequel la moyenne des carrés des valeurs
de données comprend un moment de second ordre ; détermine une moyenne de cubes des valeurs de données ;
détermine une différence entre un moment de troisième ordre calculé à l’aide seulement de la moyenne de
cubes et un moment de troisième ordre calculé à l’aide seulement des moments de premier et second ordres,
le bruit étant un bruit Gaussien ; et détermine si la puce de capteur a subi un événement de mouvement
d’utilisateur ou un événement de non-mouvement d’utilisateur sur la base de la différence ;
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dans lequel lorsque l’algorithme de détection de mouvement s’exécutant sur le premier processeur détecte un
événement de non-mouvement, le second processeur enregistre un biais pour le gyroscope qui est utilisé dans
l’algorithme de compensation de température.

20. Système (100) selon la revendication 19, dans lequel le dispositif hôte (104) est couplé en communication à la puce
de capteur par l’intermédiaire d’un bus I2C ou d’un port série.

21. Système (100) selon la revendication 19, dans lequel le dispositif hôte (104) utilise les données en provenance du
gyroscope (1502) pour alimenter l’algorithme de détection de mouvement.

22. Système selon la revendication 19, dans lequel le premier processeur est configuré pour déterminer qu’aucun
mouvement ne s’est produit à la fin d’une période de temps ou d’un changement de température et pour utiliser le
biais pour le gyroscope.

23. Système (100) selon la revendication 19, dans lequel le second processeur est configuré pour exécuter l’algorithme
de détection de mouvement en parallèle avec le premier processeur.
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