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METHODS AND APPARATUS TO DETERMINE AN
OPERATIONAL STATUS OF A DEVICE

FIELD OF THE DISCLOSURE
[0001] This disclosure relates generally to audience measurement, and,

more particularly, to determining an operational status of a device.

BACKGROUND

[0002] Audience measurement of media, such as content, advertisements,
etc. presented via a computer, tablet, smartphone, television and/or radio, is often
carried out by monitoring media exposure of panelists that are statistically
selected to represent particular demographic groups. Audience measurement
companies, such as The Nielsen Company (US), LLC, enroll households and/or
persons to participate in measurement panels. By enrolling in these measurement
panels, the households and/or persons agree to allow the corresponding audience
measurement company to monitor their exposure to media presentations, such as
media output via a television, a radio, a computer, etc. Using various statistical
methods, the media exposure data collected from the panel is processed to
determine the size and/or demographic composition of the audience for media of
interest. The audience size and/or demographic information is/are valuable to, for
example, advertisers, broadcasters, content providers, manufacturers, retailers,
product developers, etc. For example, audience size and/or audience demographic
composition information may be a factor in the placement of advertisements, in
valuing commercial time slots during particular programs and/or generating

ratings for media.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] FIG. 1 is an axial view of an example power cord and an example
magnetic field caused by electric current in the power cord.
[0004] FIG. 2A illustrates a prior art sensor to measure a magnetic field.
[0005] FIG. 2B illustrates the prior art sensor of FIG. 2A non-tangentially

aligned with the magnetic field surrounding the power cord of FIG. 1.
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[0006] FIG. 2C illustrates the prior art sensor of FIG. 2A tangentially
aligned with a portion of the magnetic field surrounding the power cord of FIG. 1.

[0007] FIG. 3 is an isometric view of the example power cord of FIG. 1 in
a twisted configuration.

[0008] FIG. 4 illustrates an example system in which an example power
detector constructed in accordance with the teachings of this disclosure is used to
detect the operational status of a media presentation device.

[0009] FIG. 5 is a block diagram of an example implementation of the
example power detector of FIG. 4.

[0010] FIG. 6 illustrates an example sensor that may be utilized in the
example power detector of FIGS. 4 and/or 5.

[0011] FIG. 7 illustrates an example magnetic field environment in which
the example power detector of FIG. 4 may be used.

[0012] FIG. 8 is a block diagram representative of an example
implementation of an example comparator of the example power detector of
FIGS. 4 and/or 5.

[0013] FIG. 9 is a flowchart representative of example machine readable
instructions that may be executed to implement the example power detector of
FIG. 5.

[0014] FIG. 10 is a flowchart representative of example machine readable
instructions that may be executed to implement one or more example sensor(s) of
FIG. 5 and/or the example sensor of FIG. 6.

[0015] FIG. 11 is a flowchart representative of example machine readable
instructions that may be executed to implement the example comparator of FIG. 8.

[0016] FIG. 12 is a block diagram of an example processing platform
capable of executing the machine readable instructions of FIGS. 9, 10, and/or 11
to implement the example power detector of FIGS. 4 and/or 5 and/or the example

comparator of FIG. 8.

DETAILED DESCRIPTION
[0017] When conducting audience measurement studies it may be useful
to monitor the operational status of, for example, a media presentation device. For

example a set-top box outputs media regardless of the operational status of a
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connected television, it may be useful to detect the operational status of the
television to determine whether the media output by the set-top box is actually
being presented, and thus, likely exposed to an audience. The operational status
of an electric device may be detected by monitoring for electric current in a power
cord connected to the device. Electric current flowing through a conductor
induces a magnetic field. Detection and/or measurement of the magnetic field
may be used to determine an operational status (e.g., an on/off state, an operating
mode, etc.) of a device drawing the electric current (e.g., via a power cord). For
example, when a power cord connected to a device is plugged into a power source
(e.g., an electrical outlet providing 120 V AC) and the device is powered on, the
device draws electric current from the power source through the power cord
inducing a magnetic field around the power cord. Accordingly, it can be inferred
that the device is powered on when a magnetic field caused by the electric current
is measured in the vicinity of the power cord and/or in the vicinity of the device.
On the other hand, it can be inferred that the device is powered off when a
magnetic field expected to be caused by the electric current is not detected and/or
not measured to have an expected magnitude (e.g., a threshold magnitude) in the
vicinity of the power cord and/or in the vicinity of the device. Based on the
operational status, an audience measurement entity may determine when and/or
whether an audience measurement should be made. For example, an operational
status may indicate that a media presentation device is powered on and therefore
presumed to be presenting media.

[0018] Example methods, apparatus, and/or articles of manufacture
disclosed herein utilize a multi-dimensional power detector to detect a magnetic
field and determine an operational status of a device. An example multi-
dimensional power detector disclosed herein detects components of a magnetic
field near a wire in three dimensions. The example power detector determines if a
resulting magnitude of the magnetic field exceeds a threshold to determine if
electricity is flowing in the wire. Based on the determination of flowing
electricity, the example power detector determines an operational status of a
device attached to the wire (e.g., a television or other media presentation device).

[0019] FIG. 1 is an axial view of an example power cord 100. In

examples disclosed herein, the power cord 100 supplies electricity to an example
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electronic device (e.g., a television, set top box, a game console, etc.). The
example power cord 100 includes a first wire 102 and a second wire 104. In the
example of FIG. 1, the wires 102, 104 (e.g., conductors) are conductively
insulated from each other and are surrounded by an example sheath 110 (e.g., an
insulator). In the illustrated example, electric current flows through the wires 102,
104 (designated by a “ «” in the wire 102 representing current coming out of the
page toward the reader and an “X” in the wire 104 representing current going into
the page away from the reader of FIG. 1) when the electronic device connected to
the power cord 100 is drawing electricity (i.e., when it is powered on). In the
illustrated example of FIG. 1, the electric current in the power cord 100 induces an
example magnetic field 120.

[0020] FIG. 2A illustrates a magnetic head 200 that may be used to detect
a magnetic field (e.g., the magnetic field 120). The magnetic head 200 uses an
active sensor 202 that detects a magnetic field 204 that is tangential to the active
sensor 202. For example, the magnetic head 200 may be an audio magnetic head
such as one that was designed to read magnetic cassettes. When, the magnetic
head 200 is placed in a magnetic field such that the active sensor 202 is tangential
in space with the magnetic field 204, the magnetic field 204 may be sensed and/or
measured. Accordingly, the magnetic head 200 measures only a scalar, one
dimensional value of a magnetic field that is tangential to an active sensor of the
magnetic head 200. However, because the active sensor 202 of the example
magnetic head 200 can only measure a magnetic field 204 that is tangential to the
active sensor 202, the magnetic head 200 must be carefully aligned to detect the
magnetic field 204.

[0021] FIG. 2B illustrates the example magnetic head 200 placed in the
magnetic field 120 surrounding the example power cord 100 of FIG. 1. However,
in the example of FIG. 2B, the magnetic head 200 is not tangentially oriented with
the magnetic field 120. Accordingly, the active sensor 202 cannot accurately
detect the magnetic field 120 and/or make an accurate measurement of the
magnetic field 120. For example, due to the misalignment, the magnetic head 200
may not detect any measureable magnetic field despite the presence of the

magnetic field 120.
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[0022] FIG. 2C illustrates proper tangential alignment of the example
magnetic head 200 and the magnetic field 120 such that the magnetic field 120
can be detected and/or measured by the magnetic head 200. As shown in the
example of FIG. 2C, the magnetic field represented by arrow 204 is immediately
adjacent the magnetic head 200 and, thus, can be sensed. Achieving the proper
alignment illustrated in FIG. 2C may require several iterations of manual
alignment adjustments. For example, occasionally the power cord 100 of FIGS. 1,
2B, and/or 2C is twisted and/or moved after placement of the magnetic head 200
as shown in FIG. 3. In some examples, the power cord 100 is manufactured such
that the wires 102, 104 internal to the power cord 100 are in a twisted
configuration (e.g., the wires 102, 104 internal to the power cord 100 are twisted
around each other). When the power cord 100 is twisted or otherwise not
uniform, the magnetic field 120 induced by the current flowing in the example
power cord 100 follows the orientation of the wires. Accordingly, to accurately
sense the magnetic field 120, an operator would need to properly realign the
magnetic head 200 of FIGS. 2A-2C such that the active sensor 202 is tangentially
aligned with the twisted magnetic field.

[0023] Methods, articles of manufacture, and/or apparatus to determine an
operational status of a device are disclosed herein. An example method includes
measuring a first magnetic field associated with a device by determining a first
multi-dimensional vector indicative of the first magnetic field and determining an
operational status of the device based on the vector. Some example methods,
apparatus, and/or articles of manufacture also include measuring a second
magnetic field to determine a second magnetic field vector and comparing the
second magnetic field vector to the first magnetic field vector to determine an
operational status of a device.

[0024] FIG. 4 illustrates an example environment 400 in which an
example power detector 410 constructed in accordance with the teachings of this
disclosure is utilized to detect the operational status of a media presentation device
402. The example environment 400 of FIG. 4 includes an example media
presentation device 402, an example set top box 404, and an example power outlet
406. In the example of FIG. 4, an example first meter 408 and an example second

meter 420 are present for collecting audience measurement data. In the illustrated
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example of FIG. 4, the media presentation device 402 presents media provided via
the set top box 404 and/or other media source(s) (e.g., a game console, an antenna,
a mobile device (e.g., a smartphone, tablet computer, iPad, etc.) etc.). The
example media presentation device 402 (e.g., a television, a monitor, etc.) of FIG.
1 is electrically connected to the power outlet 406 via an example power cord 100,
which may be similar to the power cord 100 of FIGS. 1 and/or 3. The example
outlet 406 is in electrical communication with a source of commercial power.
When in the powered on state, the example media presentation device 402 of FIG.
4 draws electricity from the power outlet 406 (e.g., an outlet supplying 120 VAC
or any other type of electricity) via the power cord 100.

[0025] The example power detector 410 of FIG. 4 detects and/or measures
a magnetic field (e.g., the magnetic field 120 of FIG. 1) and/or an electric current
associated with the magnetic field in accordance with the teachings of this
disclosure. In the illustrated example of FIG. 4, the power detector 410
determines an operational status (e.g., powered on, powered off, on standby, in
sleep mode, etc.) based on magnetic fields detected and/or measured within the
system 400 (e.g., around the power cord 100). Although this disclosure refers to
measuring magnetic field, it will be understood that measuring a magnetic field is
a measure of the associated electric current and measuring an electric current is a
measure of the corresponding magnetic field. Thus, whenever measuring a
magnetic field is mentioned, it will be understood this can be done by measuring
the corresponding electric current and vice versa. The example power detector
410 of FIG. 4 constructed in accordance with the teachings of this disclosure may
be used as an alternative to the magnetic head 200 of FIGS. 2A-2C to determine
the operational status of the media presentation device 402. In some examples,
the power detector 410 detects and/or measures a magnetic field around the power
cord 100 of the media presentation device 402, while in other examples, the power
detector 410 detects and/or measures a magnetic field around a power cord of
another device, such as the set top box 404 and/or other type of media
presentation device. Additionally or alternatively, the power detector 410 (or a
second power detector) may detect and/or measure magnetic field(s) around an

audio cable and/or video cable connected to a media presentation device and/or
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connected to any other type of components to determine the operational status of
the corresponding media presentation device.

[0026] The example first meter 408 of FIG. 4 is an example audience
measurement device to measure the operational status of the media presentation
device 402 and to transmit collected operational status information to a
measurement entity. For example, the first meter 408 may upload operational
status information reflecting the operational status of the monitored device via a
network associated with the environment 400. In the illustrated example of FIG.
4, the power detector 410 provides operational status information reflecting the
operational status of the monitored media presentation device 402 to the first
meter 408. The first meter 408 of FIG. 4 stores the operational status information
in a database of the first meter 408 until the operational status information is
provided to the example audience measurement entity. In response to receiving
operational status information indicating that the media presentation device 402 is
powered on, the example first meter 408 sends a signal to the example second
meter 420 (e.g., a personal meter, a portable meter, an on-device meter (ODM) of
a mobile device, and/or other metering device) to indicate that the second meter
420 is to begin measuring audience information. In some examples, in response
to determining the operational status information, the second meter 420 captures
media identification information accompanying media presented via the media
presentation device 402 to measure an audience of the presented media. For
example, the second meter 120 may capture watermarks and/or codes associated
with the presented media and/or generate signatures associated with the presented
media. In some examples, the power detector 410 provides operational status
information to the second meter 420 (e.g., via a wireless communication) and/or
the first meter 408 is eliminated and its function is performed by the second meter
420. In some examples, the first meter 408 and the second meter 420 of FIG. 4
perform the same audience measurement operations. Accordingly, the example
first meter 408 additionally or alternatively may capture media identification
information (e.g., watermarks, codes, signatures, metadata, etc.).

[0027] In some examples, the first meter 408 and/or the second meter 420
of FIG. 4 detects media by capturing and/or detecting media identification

information (e.g., watermarks, signatures, codes, etc.) associated with the
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presented media and embedded in audio and/or video of the media. Audio
watermarking is a technique used to identify media such as television broadcasts,
radio broadcasts, advertisements (television and/or radio), downloaded media,
streaming media, prepackaged media, etc. Existing audio watermarking
techniques identify media by embedding one or more audio codes (e.g., one or
more watermarks), such as media identifying information and/or an identifier that
may be mapped to media identifying information, into an audio and/or video
component. In some examples, the audio or video component is selected to have a
signal characteristic sufficient to hide the watermark. As used herein, the terms
“code” or “watermark” are used interchangeably and are defined to mean any
identification information (e.g., an identifier) that may be inserted or embedded in
the audio or video of media (e.g., a program or advertisement) for the purpose of
identifying the media or for another purpose such as tuning (e.g., a packet
identifying header). As used herein “media” refers to audio and/or visual (still or
moving) content and/or advertisements. To identify watermarked media, the
watermark(s) are extracted and used to access a table of reference watermarks that
are mapped to media identifying information.

[0028] FIG. 5 is a block diagram of an example implementation of the
example power detector 410 of FIG. 4. The example power detector 410 of FIG.
5 includes an example power sensor 502, an example environment sensor 504, an
example comparator 506, and an example status analyzer 510. The example
power detector 410 of FIG. 5 determines a magnetic field strength near the power
sensor 502 (e.g., the magnetic field 120 surrounding the power cord 100) to
determine the operational state of a device connected to the power cord 100.

[0029] The example power sensor 502 and the example environment
sensor 504 of FIG. 5 respectively measure respective magnetic fields for a period
of time (e.g., 0.5 seconds). The example power sensor 502 and the example
environment sensor 504 of FIG. 5 detect and/or measure a respective magnetic
field at the physical location of the corresponding sensors 502, 504 by sampling
the magnetic field. For example, the power sensor 502 and the environment
sensor 504 may measure respective magnetic fields at a given sampling frequency
(e.g., 55 Hz). Accordingly, a plurality of samples (e.g., 11 samples for 50 Hz AC

and for 60 Hz AC waveform, etc.) may be measured by the sensors 502, 504 to
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obtain a suitable magnetic field measurement. In such examples, the sensors 502,
504 measure a full sinusoidal waveform (e.g., one sampled sine period) of the
measured magnetic fields.

[0030] In some examples, the power sensor 502 is implemented via a
plurality of power sensors oriented such that a multi-dimensional measurement
can be made from the plurality of power sensors (e.g., three sensors have different
physical orientations to measure three components of a magnetic field). The
measurement information of the power sensor 502 is provided to the comparator
506 for analysis.

[0031] In some examples, the environment sensor 504 is implemented via
a plurality of environment sensors oriented such that a multi-dimensional
measurement can be made from the plurality of environment sensors (e.g., three
sensors have different physical orientations to measure three components of a
magnetic field). The measurement information of the environment sensor 504 is
provided to the comparator 506 for analysis.

[0032] In the illustrated example of FIG. 5, the power sensor 502 and the
environment sensor 504 are implemented by similar devices (e.g., the power
sensor 502 and the environment sensor 504 are implemented by a same model
magnetometer from a same manufacturer). Fach of the example power sensor 502
and the example environment sensor 504 of FIG. 5 are implemented by
magnetometers (e.g., a vector magnetometer, a magnetoresistive magnetometer,
etc.) that respectively measure magnetic fields in multiple dimensions surrounding
the corresponding sensors 502, 504. Accordingly, the power sensor 502 multi-
dimensionally measures the magnetic field near the power cord 100 and the
environment sensor 504 multi-dimensionally measures the magnetic field of the
environment. Freescale® MAG3110 sensors may be used to implement the
example sensors 502, 504. For example, each of the sensors 502, 504 may
respectively measure three dimensional (3D) components (e.g., an x-axis
component, a y-axis component, and a z-axis component) of the respective
magnetic fields.

[0033] FIG. 6 illustrates an example 3D measurement collected by one of
the sensors 502, 504. An example sensor 600 (which may be used to implement

either of the sensors 502, 504 of FIG. 5) illustrated in FIG. 6 measures three
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magnetic field components 602 (X, y, z) of a magnetic field surrounding the sensor
600. In the illustrated example, the measured magnetic field components 602 are
used to determine a magnetic field vector 604, which represents a magnitude and a
direction of the measured magnetic field. Because the sensor 600 can measure the
magnetic field surrounding the sensor in multiple dimensions (e.g., 3D) and
determine a magnetic field vector of the magnetic field, the physical orientation of
the sensor does not need to be tangential to the magnetic field to measure that
magnetic field. In contrast, referring back to FIGS. 2A-2C, the magnetic head 200
measures only a scalar, one dimensional value of a magnetic field that is
tangential to an active sensor of the magnetic head 200.

[0034] Returning to the illustrated example of FIG. 5, the power sensor
502 is physically located proximate to the power cord 100 such that a magnetic
field induced by electricity flowing through the power cord 100 is detected. For
example, the power sensor 502 and/or the power cord 100 of the illustrated
example are within 5 millimeters of one another. In other examples, the power
sensor 502 and the power cord 100 may be more than 5 millimeters apart (e.g.,
depending on the specifications of the power sensor 502). For illustrative
purposes, dashed lines running through the power sensor block 502 represent
example wires 102, 104 of the example power cord 100 of FIG. 4 running near or
proximate the power sensor 502. The illustrated example wires 102, 104 are not
components of the example power detector 410 of FIG. 5.

[0035] The example environment sensor 504 of FIG. 5 is physically
located at a distance from the power cord 100 such that the magnetic field caused
by the electricity flowing through the power cord 100 is essentially not detected
(e.g., less than a threshold amount of the field is detected) and/or not included in
the magnetic field measured by the environment sensor 504. As used herein, a
first magnetic field essentially does not include a second magnetic field when the
second magnetic field is immeasurable by a sensor (e.g., the environment sensor
504) within the first magnetic field, is not detectable by a sensor within the first
magnetic field, has a magnetic field strength below a detectable threshold of a
sensor when the sensor measures the first magnetic field, etc. For example the

environment sensor 504 may be relatively distant (e.g., more than 5 millimeters,
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more than 10 millimeters, etc.) from the power sensor 502 and/or the power cord
100. FIG. 7, as described in further detail below, further illustrates this concept.
[0036] In the illustrated example, magnetic field measurements from the
power sensor 502 and the environment sensor 504 are used to determine a
magnetic field from the power cord 100. The example magnetic field
measurements may be determined from a plurality of magnetic field measurement
samples (e.g., 99 samples). The environment sensor 504 of the illustrated
example measures an environment magnetic field of the environment of the power
detector 410. For example, the environment magnetic field may be caused by the
magnetic field of Earth, by other devices (e.g., the media presentation device 402,
the set top box 404, the meter 408 of FIG. 4), and/or by other components (e.g.,
elements of logic circuits, processors, etc.) of the power detector 410. On the
other hand, the example power sensor 502 measures that includes both the
environment magnetic field and a magnetic field from the power cord 100. By
subtracting the vector representation of the environment magnetic field from the
magnetic field measured by the power sensor 502, the magnetic field generated by
the power cord 100 can be determined. An example system in which an
environment measurement is utilized is described in conjunction with FIG. 7.
[0037] The example power sensor 502 and the example environment
sensor 504 of FIG. 5 provide their respective magnetic field measurements to the
example comparator 506. Fach of the magnetic field measurements include multi-
dimensional magnetic field measurement components (e.g., values for each of the
magnetic field components 602 (X, y, z)) that may be represented by a vector. In
some examples, the magnetic field measurements may be a scalar magnitude and
a direction, etc. In some examples, the example comparator 506 compares one or
more magnetic field measurement vector(s) received from the power sensor 502
and/or the environment sensor 504 by subtracting the magnetic field measurement
vector(s) of the environment sensor 504 from one or more corresponding
magnetic field measurement vector(s) of the power sensor 502. In other
examples, the comparator 506 subtracts magnetic field measurement components
received from the environment sensor 504 from corresponding magnetic field
measurement components received from the power sensor 502 on a dimension by

dimension level. For example, in some such examples, an x-component of a
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vector from the environment sensor 504, is subtracted from an x-component of a
vector from the power sensor 502, a y-component a of vector from the
environment sensor 504 is subtracted from a y-component of a vector from the
power sensor 502, and a z-component of a vector from the environment sensor
504 is subtracted from a z-component of a vector from the power sensor 502. The
example comparator 506 of the illustrated example determines a device magnetic
field vector measurement from the difference calculated from the corresponding
component values.

[0038] In some examples, the comparator 506 performs a sample
harmonization of a plurality of the compared magnetic field measurement samples
to verify a magnetic field measurement. As an example, the sensors 502, 504
measure the magnetic field at an example sampling rate of 55 Hz for a period of
time (e.g., 1.8 seconds) to generate the plurality of magnetic field measurement
samples. The example comparator 506 subtracts the magnetic field measurement
samples of the environment sensor 504 from the magnetic field measurement
samples of the power sensor 502 as described above. Accordingly, at a sampling
rate of 55 Hz for electric current having a frequency of 50 Hz or 60 Hz and
flowing through the power cord 100, the comparator 506 measures at least eleven
samples to provide enough samples for a magnetic field measurement, which, in
this example, is at least one full sinusoidal period of the AC electric current.
Furthermore, during an example 1.8 second time period, the sensors 502, 504 may
measure nine 50 Hz or 60Hz sinusoidal periods (from 99 samples). In some
examples, the comparator 506 averages the sinusoidal periods and/or
corresponding magnetic field measurement samples of the sinusoidal periods to
determine a magnetic field measurement. The example comparator 506 may
adjust (e.g., in response to a user input or other settings) a number of magnetic
field measurement samples taken and/or a length of the period of time used to
measure the magnetic field. For example, if the operational status of a device is to
be determined more frequently, less magnetic field measurement samples and/or a
shortened period of time may be used to measure the magnetic field near the
power cord 100. On the other hand, to increase accuracy, more magnetic field
measurement samples may be taken or a longer period of time may be used to

measure the magnetic field near the power cord 100.
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[0039] In some examples, if the magnetic field measurement indicates an
unexpected measurement (e.g., due to a false measurement, due to noise, etc.),
then the comparator 506 may determine that the magnetic field measurement is
not to be used to determine the operational status of the device. Additionally or
alternatively, the comparator 506 of FIG. 5 performs a root mean square (RMS)
analysis of the calculated device magnetic field vectors for magnetic field
measurement samples resulting from subtracting the vectors measured by the
environment sensors 504 from the vectors measured by the power sensor 502
(e.g., eleven for 50Hz and 60Hz AC). For example, for 11 periods of 50 Hz or 60
Hz AC, the RMS calculation for an x-coordinate component of the magnetic field

measurement vector may be:

1
XpMS = 11 X2+ X2+ + X1 2)

where x, is a sample x-coordinate component of a magnetic field measurement.
The example comparator 506 performs the RMS analysis to determine a
magnitude of a vector value of a device magnetic field. In some examples, the
comparator 506 filters the RMS value using an infinite impulse response (IIR)
filter to lower value fluctuations and relatively maintain an accurate device
magnetic field measurement for low electric current. Ultimately, in the illustrated
example of FIG. 5, the comparator 506 determines the vector value of the device
magnetic field induced by electricity in the power cord 100 (e.g., exclusive of the
environment magnetic field).

[0040] In to the illustrated example of FIG. 5, the physical orientation of
the power sensor 502 and the environment sensor 504 are the same or
substantially the same. For example, one or more axis (axes) of the power sensor
502 is aligned (e.g. planar) with corresponding axis (axes) of the environment
sensor 504. Thus, in the illustrated example, the power sensor 502 and the
environment sensor 504 are oriented in in the same manner in one or more same
plane(s). In some examples, when the power sensor 502 and the environment
sensor 504 do not have the same orientation (e.g., one or both of the sensors 502,
504 are off-axis, the sensors 502, 504 are not in a same plane, etc.), the

comparator 506 of the power detector 410 may perform a calibration technique to
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account for the different orientation. For example, the comparator 506 may
determine the physical orientation of the power sensor 502 and the environment
sensor 504 and adjust the respective measurements form the sensors 502, 504
based on the orientations of the sensors. In some examples, the comparator 506
may calculate an average value of a magnetic field measurement (e.g., a
sinusoidal period) and if a non-zero value is found, the non-zero value may be
subtracted from the magnetic field measurement samples (e.g., to remove a DC
field and obtain relatively pure AC field values).

[0041] In the illustrated example of FIG. 5, the comparator 506 provides
the device magnetic field measurements to the status analyzer 510. The example
status analyzer 510 of FIG. 5 determines an operational status of a device (e.g., the
media presentation device 402 of FIG. 4) based on the device magnetic field
measurement. In some examples, the status analyzer 510 determines that the
operational status of the device is powered on when a vector value of the device
magnetic field measurement satisfies a threshold. For example if a magnitude of
the vector value associated with the magnetic field 120 from the power cord 100
of FIG. 4 satisfies a first threshold (e.g., is equal to or above a given value), the
status analyzer 510 determines that the media presentation device 402 is powered
on. In some examples, the status analyzer 510 determines that the operational
status of the device is powered off when a device magnetic field is not detected
and/or when a vector value of the device magnetic satisfies a second threshold
(e.g., a magnitude of the device magnetic field vector is below the second
threshold). In some examples, the status analyzer 510 determines an operational
status (e.g., stand by, sleep mode, etc.) when the vector value of the device
magnetic field satisfies two or more thresholds (e.g., is above the second threshold
of the above example and below the first threshold of the above example). For
example, the status analyzer 510 may determine that the media presentation
device 402 is in a sleep mode when a magnitude of the vector value is between the
first threshold and the second threshold.

[0042] In some examples, the status analyzer 510 includes an interface to
communicate with one or more external devices (e.g., the first meter 408, the
second meter 420, etc.). In some examples, the status analyzer 510 is responsive

to request (e.g., from the meters 408, 420) to determine an operational status of a
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device (e.g., the media presentation device 402). In some such examples, the
status analyzer 510 prompts the power sensor 502 and/or the environment sensor
504 to take respective magnetic field measurements at the respective locations of
the sensors 502, 504. In some examples, the status analyzer 510 provides
operational status information indicating the operational status of an analyzed
device (e.g., the media presentation device 402) to one or more external devices,
such as the meters 408, 420 and/or other devices in communication with the
power detector 410. In some examples, the status analyzer 510 transmits the
operational status information through a communication network (e.g., the
Internet or other network) to a data collection facility (e.g., a data server managed
by an audience measurement entity).

[0043] While an example manner of implementing the power detector 410
of FIG. 4 is illustrated in FIGS. 5, one or more of the elements, processes and/or
devices illustrated in FIGS. 5 may be combined, divided, re-arranged, omitted,
eliminated and/or implemented in any other way. Further, the example power
sensor 502, the example environment sensor 504, the example comparator 506,
the example status analyzer 510 and/or, more generally, the example power
detector 410 of FIG. 5 may be implemented by hardware, software, firmware
and/or any combination of hardware, software and/or firmware. Thus, for
example, any of the example power sensor 502, the example environment sensor
504, the example comparator 506, the example status analyzer 510 and/or, more
generally, the example power detector 410 could be implemented by one or more
analog or digital circuit(s), logic circuits, programmable processor(s), application
specific integrated circuit(s) (ASIC(s)), programmable logic device(s) (PLD(s))
and/or field programmable logic device(s) (FPLD(s)). When reading any of the
apparatus or system claims of this patent to cover a purely software and/or
firmware implementation, at least one of the example power sensor 502, the
example environment sensor 504, the example comparator 506, and/or the
example status analyzer 510 is/are hereby expressly defined to include a tangible
computer readable storage device or storage disk such as a memory, a digital
versatile disk (DVD), a compact disk (CD), a Blu-ray disk, etc. storing the
software and/or firmware. DPurther still, the example power detector 410 of FIG. 4

may include one or more elements, processes and/or devices in addition to, or
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instead of, those illustrated in FIG. 5, and/or may include more than one of any or
all of the illustrated elements, processes and devices.

[0044] FIG. 7 illustrates an example transverse view of an example power
detector 410, which may be implemented by the power detector 410 of FIG. 4
and/or 5, and an axial view of the example power cord 100. In the illustrated
example of FIG. 7, a device magnetic field 700 is induced by electricity flowing
through the power cord 100 and an environment magnetic field 710 is caused by
environmental effects (e.g., the earth magnetic field, a magnetic field from other
devices not under measurement near the power detector 410, a magnetic field
induced by other components of the power detector 410, etc.). In the illustrated
example of FIG. 7, the power cord 100 is positioned in an example slot 730 of an
example housing 740 of the power detector 410. The example slot 730 is
positioned above the power sensor 502 and may be used to hold the example
power cord 100 in position adjacent the power sensor 502. Accordingly, the
power sensor 502 is located physically near the power cord 100 and the
environment sensor 504 is located relatively distant from the power sensor 502
and/or the power cord 100. As shown in the illustrated example, the power sensor
502 is located within the device magnetic field 700 induced by the electricity
flowing through the power cord 100 (e.g., a magnetic field similar to the magnetic
field 120 of FIGS. 1, 2B, and/or 2C) and is also located in the environment
magnetic field 710. In the illustrated example of FIG. 7, the environment sensor
504 is physically located within the environment magnetic field 710 and outside
of the device magnetic field 700. Therefore, in the illustrated example of FIG. 7,
the power sensor 502 is able to detect and/or measure the device magnetic field
700 and the environment sensor 504 is not influenced (e.g., is influenced to a
small extent that can be ignored for practical purposes) by the device magnetic
field 700.

[0045] In the illustrated example of FIG. 7, the power sensor 502 samples
the magnetic field 700 near the power cord 100 and the environment sensor 504
samples the magnetic field 710 of the environment. Accordingly, as described
above, the comparator 506 subtracts the magnetic field measurements of the
magnetic field 710 (from the environment sensor 504) from the magnetic field

measurements of the magnetic field 700 (from the power sensor 502) to determine
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the magnetic field induced by the electric current flowing through the power cord
100. The example comparator 506 of the example power detector 410 performs a
sample harmonization of the magnetic field measurement samples from the power
sensor 502 and the environment sensor 504. Additionally or alternatively, the
comparator 506 performs an RMS calculation of the compared measurement
vectors from the resulting subtraction.

[0046] FIG. 8 is a block diagram of an example comparator 506 receiving
measurement information from the example sensors 502, 504. The example
comparator 506 of FIG. 8 may be used to implement the comparator 506 of FIG.
5. The example comparator 506 of FIG. 8 includes an example subtractor 810, an
example sample harmonizer 830, an example RMS calculator 840, and an
example measurement output 850.

[0047] The example subtractor 810 of FIG. 8§ subtracts the magnetic field
measurement samples received from the environment sensor 504 from the
magnetic field measurement samples received from the power sensor 502 to
determine device magnetic field measurement samples representative of the
device magnetic field measurement (e.g., a magnetic field measurement excluding
the environment magnetic field measurement).

[0048] The example sample harmonizer 830 of FIG. 8 performs a sample
harmonization of the device magnetic field measurement samples as disclosed
herein. Accordingly, the sample harmonizer 830 averages corresponding sample
values of the sinusoidal periods to determine a final device magnetic field
measurement vector (e.g., a full averaged sinusoidal period from measured
sinusoidal periods). The example RMS calculator 840 performs a RMS
calculation of the resulting measurement vector over the samples of each
dimension of the vector to determine a magnitude of the measurement vector. The
example measurement output 850 indicates a magnetic field strength based on the
magnitude of the device magnetic field vector. The example measurement output
850 provides the device magnetic field vector to the status analyzer 510 of FIG. 5.
Accordingly, the status analyzer 510 of FIG. 5 may compare the magnetic field
strength to a threshold to determine an operational status of a device (e.g., the
media presentation device 402 of FIG. 4) based on the measurements of the

comparator 506 of FIG. 8.
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[0049] A flowchart representative of example machine readable
instructions for implementing the power detector 410 of FIGS. 4 and/or 5 is
shown in FIG. 9. In this example, the machine readable instructions comprise a
program for execution by a processor such as the processor 1312 shown in the
example processor platform 1300 discussed below in connection with FIG. 13.
The program may be embodied in software stored on a tangible computer readable
storage medium such as a CD-ROM, a floppy disk, a hard drive, a digital versatile
disk (DVD), a Blu-ray disk, or a memory associated with the processor 1312, but
the entire program and/or parts thereof could alternatively be executed by a device
other than the processor 1312 and/or embodied in firmware or dedicated
hardware. Further, although the example program is described with reference to
the flowchart illustrated in FIG. 9, many other methods of implementing the
example power detector 410 may alternatively be used. For example, the order of
execution of the blocks may be changed, and/or some of the blocks described may
be changed, eliminated, or combined.

[0050] The program of FIG. 9 begins with an initiation of the power
detector 410 of FIG. 4 and/or 5 (e.g., the power detector 410 is powered on,
connected to a meter such as the meters 408, 420, receives user input, etc.). At
block 910, the power sensor 502 measures a magnetic field near a power cord,
such as the power cord 100 of FIG. 4, of a device, such as the media presentation
device 402. At block 920 the environment sensor 504 measures the environment
magnetic field. Block 920 may occur before, after, or at the same time as block
910. The example power sensor 502 measures a magnetic field (block 910) as
described below in connection with FIG. 10. Additionally, the example
environment sensor 504 measures a magnetic field (block 920) as described below
in connection with FIG. 10.

[0051] At block 930 of FIG. 9, the example comparator 506 compares the
magnetic field measurements from block 910 and block 920. In some examples,
the comparator 506 performs calibration of the magnetic field measurements
based on the physical orientation of the power sensor 502 and/or the physical
orientation of the environment sensor 504. In some examples, the example
comparator 506 subtracts the environment magnetic field measurement taken in

block 920 from the measurement of the magnetic field near the power cord taken
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in block 910. At block 940, the comparator 506 determines a resultant magnetic
field representative of the magnetic field induced by the power cord 100 of an
example device. For example, the comparator 506 calculates one or more
vector(s) from the compared magnetic field measurement components of the
magnetic fields measured in blocks 910, 920.

[0052] At block 950 of FIG. 9, the example status analyzer 510 determines
an operational status of the example device based on the determined device
magnetic field vector. In some examples, the status analyzer 510 determines the
operational status (e.g., powered on, powered off, on standby, in sleep mode, etc.)
of a device based on a magnitude of the device magnetic field vector satisfying
one or more thresholds. Accordingly, thresholds may be used to determine the
operational status when the magnitude is between a plurality of thresholds. The
example thresholds may be determined when setting up (or calibrating the power
detector 410). For example, the media presentation device 402 may be set to a
plurality of operational states (e.g., powered off, powered on, on standby, in sleep
mode, etc.), and the comparator 506 determines the device magnetic field for
when the media presentation is in the plurality of states. Accordingly, from the
determined device magnetic field measurements, the status analyzer 510 may
assign the appropriate thresholds (e.g., within a designated range (or percentage to
allow for error) of the measured magnetic field strength for the corresponding
operational states). As an example, the status analyzer 510 may determine that the
corresponding operational status is powered off when the magnitude is less than a
sleep threshold, is in sleep mode when the magnitude is less than a stand by
threshold, on standby when the magnitude is less than a powered on threshold,
and powered on when the magnitude is greater than the powered on threshold. In
some examples, the status analyzer 510 uses predefined thresholds for the media
presentation device 402. Accordingly, the thresholds may be predefined for
certain types of media presentation device (e.g., based on manufacture, model,
device type, etc.).

[0053] In the illustrated example of FIG. 9, at block 960, the status
analyzer 510 provides the operational status information to a meter (e.g., the
meters 408, 420) or other device communicatively coupled with the power

detector 410. At block 970, the power detector 410 determines whether to
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continue detecting the operational status of the device under test. If the power
detector 410 is to continue detecting the operational status of the device, control
returns to block 910 and/or block 920 (e.g., a time period of analyzing the device
under test has not expired, instructions from a meter indicate that analysis is to
continue, user instructions indicate that analysis is to continue, etc.). If the power
detector 410 is not to continue detecting the operational status of the device (e.g.,
a time period of analyzing the device under test has expired, the power detector
110 is shutdown or powered off, etc.), the program 900 ends.

[0054] A flowchart representative of example machine readable
instructions for implementing the power sensor 502 and/or the environment sensor
504 of FIG. 5 is shown in FIG. 10. In this example, the machine readable
instructions comprise a program for execution by a processor such as the
processor 1312 shown in the example processor platform 1300 discussed below in
connection with FIG. 13. The program may be embodied in software stored on a
tangible computer readable storage medium such as a CD-ROM, a floppy disk, a
hard drive, a digital versatile disk (DVD), a Blu-ray disk, or a memory associated
with the processor 1312, but the entire program and/or parts thereof could
alternatively be executed by a device other than the processor 1312 and/or
embodied in firmware or dedicated hardware. Further, although the example
program is described with reference to the flowchart illustrated in FIG. 10, many
other methods of implementing the example power sensor 502 and/or the example
environment sensor 504 may alternatively be used. For example, the order of
execution of the blocks may be changed, and/or some of the blocks described may
be changed, eliminated, or combined.

[0055] The program 1000 of FIG. 10 beings with an initiation of the
power sensor 502 and/or the environment sensor 504. At block 1010, the power
sensor 502 and/or the environment sensor 504 measure three dimensional
components of a magnetic field around the power sensor 502 and/or the
environment sensor 504. At block 1020, the power sensor 502 and/or the
environment sensor 504 computes a magnetic field vector from the 3D
components (e.g., the components 602 (x, y, z)). At block 1030, the sensor
determines the magnitude of the field vector based on the determined 3D

components.
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[0056] A flowchart representative of example machine readable
instructions for implementing the comparator 506 of FIGS. 5 and/or 8 is shown in
FIG. 11. In this example, the machine readable instructions comprise a program
for execution by a processor such as the processor 1312 shown in the example
processor platform 1300 discussed below in connection with FIG. 13. The
program may be embodied in software stored on a tangible computer readable
storage medium such as a CD-ROM, a floppy disk, a hard drive, a digital versatile
disk (DVD), a Blu-ray disk, or a memory associated with the processor 1312, but
the entire program and/or parts thereof could alternatively be executed by a device
other than the processor 1312 and/or embodied in firmware or dedicated
hardware. Further, although the example program is described with reference to
the flowchart illustrated in FIG. 11, many other methods of implementing the
example comparator 506 may alternatively be used. For example, the order of
execution of the blocks may be changed, and/or some of the blocks described may
be changed, eliminated, or combined.

[0057] The program 1100 of FIG. 11 begins with an initiation of the
example comparator 506 of FIG. 5 (e.g., in response to receiving measurements
and/or measurement samples from the power sensor 502 and/or environment
sensor 504). At block 1110, the subtractor 810 subtracts environment magnetic
field measurement samples (received from the environment sensor) from power
cord magnetic field measurement samples (received from the power sensor 502)
to determine device magnetic field measurement samples. In some examples, at
block 1110 the subtractor 810 calculates an average value of each sample period
determined from the device magnetic field measurement samples. If a non-zero
average is found (i.e., a DC field is detected), the sample harmonizer 830 subtracts
the non-zero average from the sample periods to obtain AC field sample periods.

[0058] At block 1130 of the illustrated example of FIG. 11, the sample
harmonizer 830 performs a filtering and averaging of the samples. The example
sample harmonizer 830 averages each sample from a sample period with the
corresponding samples from the other remaining periods. For example, for 50 Hz
or 60 Hz AC, with 99 samples taken by the power sensor 502 and the environment

sensor 504, the sample harmonizer 830 averages 11 sample values from each of

-21 -



WO 2015/102772 PCT/US2014/066933

the determined 9 sample periods (and/or averages each sample for each axis (x, y,
7)).

[0059] At block 1140, the RMS calculator 840 performs an RMS
calculation over the device magnetic field measurement vector for each dimension
of the multi-dimensional sample measurement. The RMS calculator 840
determines the magnitude of the determined device magnetic field vector. At
block 1150, the measurement output 1150 outputs the device magnetic field
measurement information to the status analyzer 510. After block 1150, the
program 1100 ends.

[0060] As mentioned above, the example processes of FIGS. 9, 10, and/or
11 may be implemented using coded instructions (e.g., computer and/or machine
readable instructions) stored on a tangible computer readable storage medium
such as a hard disk drive, a flash memory, a read-only memory (ROM), a compact
disk (CD), a digital versatile disk (DVD), a cache, a random-access memory
(RAM) and/or any other storage device or storage disk in which information is
stored for any duration (e.g., for extended time periods, permanently, for brief
instances, for temporarily buffering, and/or for caching of the information). As
used herein, the term tangible computer readable storage medium is expressly
defined to include any type of computer readable storage device and/or storage
disk and to exclude propagating signals and to exclude transmission media. As
used herein, "tangible computer readable storage medium" and "tangible machine
readable storage medium" are used interchangeably. Additionally or alternatively,
the example processes of FIGS. 9, 10, and/or 11 may be implemented using coded
instructions (e.g., computer and/or machine readable instructions) stored on a non-
transitory computer and/or machine readable medium such as a hard disk drive, a
flash memory, a read-only memory, a compact disk, a digital versatile disk, a
cache, a random-access memory and/or any other storage device or storage disk in
which information is stored for any duration (e.g., for extended time periods,
permanently, for brief instances, for temporarily buffering, and/or for caching of
the information). As used herein, the term non-transitory computer readable
medium is expressly defined to include any type of computer readable storage
device and/or storage disk and to exclude propagating signals and to exclude

transmission media. As used herein, when the phrase "at least" is used as the
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transition term in a preamble of a claim, it is open-ended in the same manner as
the term "comprising" is open ended.

[0061] FIG. 12 is a block diagram of an example processor platform 1300
capable of executing the instructions of FIGS 9, 10, and/or 11 to implement the
power detector 410 of FIGS. 4 and/or 5 and/or the comparator 506 of FIG. 8. The
processor platform 1200 can be, for example, a server, a personal computer, a
mobile device (e.g., a cell phone, a smart phone, a tablet such as an iPadTM), a
personal digital assistant (PDA), an Internet appliance, a DVD player, a CD
player, a digital video recorder, a Blu-ray player, a gaming console, a personal
video recorder, a set top box, or any other type of computing device.

[0062] The processor platform 1200 of the illustrated example includes a
processor 1212. The processor 1212 of the illustrated example is hardware. For
example, the processor 1212 can be implemented by one or more integrated
circuits, logic circuits, microprocessors or controllers from any desired family or
manufacturer.

[0063] The processor 1212 of the illustrated example includes a local
memory 1213 (e.g., a cache). The processor 1212 of the illustrated example is in
communication with a main memory including a volatile memory 1214 and a non-
volatile memory 1216 via a bus 1218. The volatile memory 1214 may be
implemented by Synchronous Dynamic Random Access Memory (SDRAM),
Dynamic Random Access Memory (DRAM), RAMBUS Dynamic Random
Access Memory (RDRAM) and/or any other type of random access memory
device. The non-volatile memory 1216 may be implemented by flash memory
and/or any other desired type of memory device. Access to the main memory
1214, 1216 is controlled by a memory controller.

[0064] The processor platform 1200 of the illustrated example also
includes an interface circuit 1220. The interface circuit 1220 may be implemented
by any type of interface standard, such as an FEthernet interface, a universal serial
bus (USB), and/or a PCI express interface.

[0065] In the illustrated example, one or more input devices 1222 are
connected to the interface circuit 1220. The input device(s) 1222 permit(s) a user
to enter data and commands into the processor 1212. The input device(s) can be

implemented by, for example, an audio sensor, a microphone, a camera (still or
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video), a keyboard, a button, a mouse, a touchscreen, a track-pad, a trackball,
isopoint and/or a voice recognition system.

[0066] One or more output devices 1224 are also connected to the
interface circuit 1220 of the illustrated example. The output devices 1224 can be
implemented, for example, by display devices (e.g., a light emitting diode (LED),
an organic light emitting diode (OLED), a liquid crystal display, a cathode ray
tube display (CRT), a touchscreen, a tactile output device, a light emitting diode
(LED), a printer and/or speakers). The interface circuit 1220 of the illustrated
example, thus, typically includes a graphics driver card, a graphics driver chip or a
graphics driver processor.

[0067] The interface circuit 1220 of the illustrated example also includes a
communication device such as a transmitter, a receiver, a transceiver, a modem
and/or network interface card to facilitate exchange of data with external
machines (e.g., computing devices of any kind) via a network 1226 (e.g., an
Ethernet connection, a digital subscriber line (DSL), a telephone line, coaxial
cable, a cellular telephone system, etc.).

[0068] The processor platform 1200 of the illustrated example also
includes one or more mass storage devices 1228 for storing software and/or data.
Examples of such mass storage devices 1228 include floppy disk drives, hard
drive disks, compact disk drives, Blu-ray disk drives, RAID systems, and digital
versatile disk (DVD) drives.

[0069] The coded instructions 1232 of FIGS. 9, 10, and/or 11 may be
stored in the mass storage device 1228, in the volatile memory 1214, in the non-
volatile memory 1216, and/or on a removable tangible computer readable storage
medium such as a CD or DVD.

[0070] From the foregoing, it will be appreciated that the above disclosed
methods, apparatus and articles of manufacture determine an operational status of
a device based on a measured magnetic field associated with the device. In
examples disclosed herein, sensors perform multi-dimensional measurement of
magnetic fields surrounding a power cord attached to the device. Multi-
dimensionally measuring example magnetic fields surrounding a device allows for
freedom of positioning the sensors such that, for example, distorted magnetic

fields (e.g., caused by one or more twist(s) in the power cord) can be measured.
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Examples disclosed herein allow for increased accuracy in measuring a device
magnetic field by accounting for environment magnetic fields that may affect
measurement of a device magnetic field by measuring the environment magnetic
field and comparing the environment magnetic field to a magnetic field measured
near a power cord of a device.

[0071] Although certain example methods, apparatus and articles of
manufacture have been disclosed herein, the scope of coverage of this patent is not
limited thereto. On the contrary, this patent covers all methods, apparatus and

articles of manufacture fairly falling within the scope of the claims of this patent.
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What Is Claimed Is:
1. A method comprising:
determining, with a processor, a first multi-dimensional measurement of a
first magnetic field generated by a power cord to supply power to a device; and
determining, via the processor, an operational status of the device based on

the first multi-dimensional measurement.

2. A method according to claim 1, further comprising:

determining a second multi-dimensional measurement of a second
magnetic field of an environment of the device, wherein determining the
operational status comprises comparing the first multi-dimensional magnetic field

measurement and the second multi-dimensional magnetic field measurement.

3. A method according to claim 2, wherein comparing the first multi-
dimensional magnetic field measurement and the second multi-dimensional
magnetic field measurement comprises subtracting the second multi-dimensional
measurement from the first multi-dimensional measurement to determine a device

magnetic field vector.

4. A method according to claim 3, wherein determining the operational status
of the device comprises comparing a magnitude of the device magnetic field

vector to a threshold.

5. A method according to claim 2, wherein the first magnetic field is
measured at a first location and the second magnetic field is measured at a second

location, the first location being closer to the power cord than the second location.

6. A method according to claim 5, wherein the power cord is to supply
electricity to the device, the electricity causing a device magnetic field included in
the first magnetic field, and

wherein the second location is a distance from the power cord so that the

second magnetic field essentially does not include the device magnetic field.
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7. A method according to claim 1, wherein the operational status comprises

one of powered on, on standby, in sleep mode, or powered off.

8. An apparatus comprising:

a first sensor to measure a first magnetic field associated with a device in
at least three dimensions;

a status analyzer to determine an operational status of the device based on

the measurement of the first sensor.

0. An apparatus according to claim 8,
a second sensor to measure a second magnetic field, the status analyzer to
determine the operational status by comparing the measurement of the first

magnetic field and the measurement of the second magnetic field.

10. An apparatus according to claim 9, wherein the first sensor is to develop a
first multi-dimensional measurement of the first magnetic field, and the second
sensor is to develop a second multi-dimensional measurement of the second

magnetic field.

11. An apparatus according to claim 10, wherein the status analyzer is to
subtract the second multi-dimensional measurement from the first multi-

dimensional measurement to determine a device magnetic field vector.

12. An apparatus according to claim 11, wherein the status analyzer is to
determine the operational status of the device by comparing a magnitude of the

device magnetic field vector to a threshold.
13. An apparatus according to claim 9, wherein the first sensor is located at a

first location and the second sensor is located at a second location, the first

location being closer to a wire attached to the first device than the second location.
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14. An apparatus according to claim 13, wherein the wire is to supply
electricity to the device to cause a device magnetic field included in the first
magnetic field, and

the second location is a distance from the wire so that the second magnetic

field essentially does not include the device magnetic field.

15. An apparatus according to claim 8, wherein a first orientation of the first
sensor and a second orientation of the second sensor are identical relative to the

device wire.

16. An apparatus according to claim 8, wherein the operational status

comprises one of powered on, on standby, in sleep mode, or powered off.

17. A tangible machine readable storage medium comprising instructions that,
when executed, cause a machine to at least:

determine a first multi-dimensional measurement of a first magnetic field
generated by a power cord to supply power to a device; and

determine an operational status of the device based on the first multi-

dimensional measurement.

18. A storage medium according to claim 17, wherein the instructions, when
executed, further cause the machine to:

determine a second multi-dimensional measurement of a second magnetic
field of an environment of the device, and

determine the operational status by comparing the first multi-dimensional
magnetic field measurement and the second multi-dimensional magnetic field

measurement.

19. A storage medium according to claim 18, wherein the instructions, when

executed, cause the machine to compare the first magnetic field and the second
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magnetic field by subtracting the second multi-dimensional measurement from the

first multi-dimensional measurement to determine a device magnetic field vector.

20. A storage medium according to claim 19, wherein the instructions, when
executed, cause the machine to determine the operational status of the device by

comparing a magnitude of the device magnetic field vector to a threshold.

21. A storage medium according to claim 20, wherein the instructions, when
executed, cause the machine to:

measure the first magnetic field at a first location; and

measure a second magnetic field at a second location, the first location

being closer to the power cord than the second location.

22. A storage medium according to claim 21, wherein the power cord is to
supply electricity to the device to cause a device magnetic field included in the
first magnetic field, and

wherein the second location is a distance from the wire so that the second

magnetic field essentially does not include the device magnetic field.

23. A storage medium according to claim 17, wherein the operational status

comprises one of powered on, on standby, in sleep mode, or powered off.
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