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Title: MOTION DETERMINATION

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The subject application claims the priority to U. S. Patent Application

Serial No. 13/164,136 filed June 20, 2011 entitled MOTION DETERMINATION , the

entirety of which is incorporated herein by reference.

TECHNICAL FIELD

[0002] This disclosure relates generally to determining whether measurements

from sensors are due to the sensors being moved.

BACKGROUND

[0003] 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.

[0004] 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.

SUMMARY

[0005] The following presents a simplified summary of the claimed subject matter

in order to provide a basic understanding 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.



[0006] 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.

[0007] 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.

[0008] 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] 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.

[0010] 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.



[0011] 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.

[0012] FIG. 3 is a schematic process flow diagram of a method for determining

whether a signal is Gaussian.

[0013] 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.

[0014] 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.

[0015] 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.

[0016] FIG. 7 is a schematic process flow diagram of a method for determining

whether a signal is Gaussian.

[0017] 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) .

[0018] 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.

[0019] FIG. 10 is a schematic process flow diagram of a method for updating a bias of

a gyroscope.

[0020] FIG. 11 is a schematic process flow diagram of a method for determining if a

sensor is working properly.

[0021] FIG. 12 illustrates an exemplary computer network in which various

embodiments described herein can be implemented.

[0022] FIG. 13 illustrates an exemplary computing environment in which the various

embodiments described herein can be implemented.

[0023] FIG. 14 illustrates an exemplary handheld device in which various

embodiments described herein can be implemented.



[0024] FIG. 15 illustrates an exemplary handheld device in which various

embodiments described herein can be implemented.

DETAILED DESCRIPTION

[0025] 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, components, materials, etc., and is not

limited by these specific details and examples. In other instances, well-known structures,

materials, and/or operations are not shown or described in detail to avoid obscuring

certain aspects.

[0026] 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.

[0027] 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.

[0028] 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.

[0029] 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.

[0030] 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

relationship). 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 system can also use parameters derived from sensor data

such as a quaternion.

[0031] 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

tunneling. 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.

[0032] 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.

[0033] 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 proportional 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 magneto-

resistive 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.

[0034] 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.

[0035] 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.

[0036] 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).

[0037] 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.

[0038] 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 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.

[0039] 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.

[0040] 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).

[0041] 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.

[0042] 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.

[0043] 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.

[0044] 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.

[0045] 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.

[0046] Referring now to FIG. 2, illustrated is a schematic process flow diagram of a

method 200 for determining whether 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).

[0047] At element 202, the processor (e.g., the processor associated with the sensor

chip and/or the processor associated 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.

[0048] 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.

[0049] 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, xi, . . . ,

XN-I ] . 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.

[0050] At element 304, the estimated first order moment for the data can be

calculated. For example, the estimated first order moment (TO can be calculated

according to the following:

[0051] EQUATION 1,

[0052] where is the first order moment, N is the size of the data, and x is a data

point within [x0, xi, . . . , XN-I] .



[0053] 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:

.v -

[0054] EQUATION 2,

[0055] where T2 is the estimated second order moment, N is the size of the data, and

x is a data point within [xo, xi, . . . , ΧΝ-Ι] ·

[0056] 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:

[0057] EQUATION 3,

[0058] where T3 is the estimated third order moment, N is the size of the data, and x

is a data point within [x0, xi, . . . , XN-I
[0059] 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 (TO 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:

[0060] *3 - - * - * J i EQUATION 4,

[0061] where V3 is the difference between the estimated third order moment (T3) and

the theoretical third order moment based on and T2, is the estimated first order

moment and T2 is the estimated second order moment.

[0062] 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.

[0063] V3 can be computed according to EQUATION 4 for a known Gaussian

sequence (e.g., [x 1 x2, . . . , X -I] 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.

[0064] 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_l), 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.

[0065] 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.



[0066] 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.

[0067] 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 [xo, xi, . . . , XN-I 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.

[0068] 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

(TO can be calculated according to the following:

[0069] EQUATION 1,

[0070] where is the estimated first order moment, N is the size of the data, and x is

a data point within [x0, xi, . . . , XN-I

[0071] 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:

[0072] EQUATION 2,

[0073] where T2 is the estimated second order moment, N is the size of the data, and

x is a data point within [xo, xi, . . . , XN-I].

[0074] 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:



N-l

[0075] - = EQUATION 3,

[0076] where T3 is the estimated third order moment, N is the size of the data, and x

is a data point within [xo, xi, . . . , XN-I] .

[0077] 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:

[0078] EQUATION 5,

[0079] where T is the estimated fourth order moment, N is the size of the data, and x

is a data point within [xo, xi, . . . , XN-I] .

[0080] 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 (TO

and the estimated second order moment (T2) . A difference (V4) between the estimated

fourth order moment (T ) and the theoretical fourth order moment can be expressed as:

[0081] = - 3 * - - 2 * T - 4 * ¥ * T EQUATION 6,

[0082] where V4 is the difference between the estimated fourth order moment (T ) and

the theoretical fourth order moment based on estimated T
1

T2 and V
3

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.

[0083] In a Gaussian process, the fourth order moment T 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.

[0084] V4 can be computed according to EQUATION 6 for a known Gaussian

sequence (e.g., [x 1 x2, . . . , X -I] 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.

[0085] 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_l), 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.

[0086] 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.

[0087] 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:



[0088] ¾ = τ 5 - * *¾ * *T - * - 0 * *
EQUATION 7,

[0089] where T 5 is the estimated fifth order moment, is the estimated first order

moment, T2 is the estimated second order moment, and V 3 is found according to

EQUATION 4 .

[0090] 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.

[0091] 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 [xo, xi, . . . , ΧΝ-Ι ] ·

Additionally or alternatively, all axes of gyroscope data can be utilized (e.g., three axes).

[0092] 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., [xo, xi, . . . , XN-I ]) 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.

[0093] 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 (TO. 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., TO-



[0094] 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.

[0095] 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.

[0096] 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.

[0097] 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, xi, . . . , XN-I Additionally or alternatively, all axes of data

from the sensor can be utilized (e.g., three axes).

[0098] 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., [xo, xi, . . . , XN-I]) 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.

[0099] 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 working properly.

[00100] 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 - T 2 3/2 . It is still

advisable to have a limit for the upper range that could be achieved for a no motion event.

[00101] Referring now to FIGs. 12-15, illustrated therein are exemplary computing

networks 1200, computing environments 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.

[00102] 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.

[00103] Each object 1210, 1212, etc. and computing objects or devices 1220, 1222,

1224, 1226, 1228, etc. can communicate 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 embodiments.

[00104] 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 infrastructure 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.

[00105] 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.

[00106] 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.

[00107] 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.

[00108] 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.

[00109] 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, 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.

[00110] 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.

[00111] 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.



[00112] 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.

[00113] 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.

[00114] 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.

[00115] 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 processing 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.

[00116] 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

What is claimed is:

1. A method, comprising:

receiving a data signal from a sensor, wherein the data signal comprises data

values as a function of user motion and noise;

determining an average of the data values;

determining an average of squares of the data values;

determining an average of cubes of the data values;

determining a difference between the average of the cubes and an expected

third order moment, wherein the expected third 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

difference.

2 . The method of claim 1, wherein the determining further comprises

determining that no user motion has occurred when the difference is within a

threshold range.

3 . The method of claim 2, wherein the receiving the data signal comprises

receiving the data signal from an accelerometer.

4 . The method of claim 2, wherein the receiving the data signal comprises

receiving the data signal from a compass.

5 . The method of claim 2, wherein the receiving the data comprises receiving

the data from a gyroscope.

6 . The method of claim 5, further comprising setting a gyroscope bias when no

user motion has occurred.



7 . The method of claim 5, wherein the setting further comprises setting the

gyroscope bias to the average of the data values.

8. The method of claim 5, wherein the determining further comprising setting a

gyroscope temperature compensation learning term when no user motion has

occurred.

9 . The method of claim 1, wherein the noise is Gaussian noise.

10. The method 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.

11. The method 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.

12. A method, comprising:

receiving a data signal from a sensor, wherein the data signal comprises data

values as a function of motion and noise, when the sensor is known not to be moving;

determining an average of the data values;



determining an average of squares of the data values;

determining an average of cubes of the data values;

determining a difference between the average of the cubes and an expected

third order moment, wherein the expected third order moment is calculated from the

average of the squares and the average of the data values; and

determining whether the sensor is working properly based on the difference.

13. The method of claim 12, wherein the determining whether the sensor is

working properly further comprising confirming that the sensor has recorded a no

motion event if the difference is within a threshold range.

14. The method of claim 12, wherein the receiving the data signal further

comprises receiving the data signal from an accelerometer.

15. The method of claim 12, wherein the receiving the data signal further

comprises receiving the data signal from a compass.

16. The method of claim 12, wherein the receiving the data signal further

comprises receiving the data signal from a gyroscope.

17. The method of claim 12, 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 sensor is working properly based on the second

difference.

18. A system, comprising:

a sensor chip comprising a gyroscope and a first processor configured to run a

motion detection algorithm on data from the gyroscope;



a host device communicatively coupled to the sensor chip comprising a

second processor configured to independently run the motion detection algorithm on

the data from the sensor and further configured to run a temperature compensation

algorithm,

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.

19. The system of claim 18, wherein the host device is communicatively coupled

to the sensor chip via an I2C bus or a serial port.

20. The system of claim 18, wherein the host device utilizes the data from the

gyroscope to feed the motion detection algorithm.

21. The system of claim 18, 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.

22. The system of claim 18, wherein the second processor is configured to run the

motion detection algorithm in parallel with the first processor.
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